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Angina 
Protection 
with Benefits for , 

aLifetime 


ONCE-DAILY CONTROL 
WITH HEART-SAVING BENEFITS 


$ By reducing heart rate and cardiac contractility, INDERAL LA helps 
protect the heart from the potentially serious and debilitating 
consequences of ischemia. A highly effective antianginal agent for 
around-the-clock control of symptoms, INDERAL LA also provides 
cardiovascular protection for a sense of security in the years ahead. 


PROTECTION AND EXPERIENCE 
NO CALCIUM BLOCKER CAN MATCH 


Unlike calcium blockers, INDERAL LA—either alone or with a 
nitrate —is recommended for early treatment of angina in the 
majority of patients. Equally important, INDERAL LA delivers the 
proven performance and safety profile of INDERAL tablets— 
confirmed by millions of patients during 16 years of clinical use. 


START WITH 80 MG ONCE DAILY 


Dosage may be increased to 160 mg once daily, as needed, to 
achieve optimal control. INDERAL LA should not be used in congestive 
heart failure, sinus bradycardia, cardiogenic shock, heart block greater 
than first degree, and bronchial asthma. Please see next page for 
further details and brief summary of prescribing information. 
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‘systolic blood pressure, and the velocity and exte 
| тау increase oxygen requirements by increasing 
—— pressure and systolic ejection period. The net phys 
is usually advantageous and is manifested during 
= increased work capacity. 
х ` Indosages greater than required for beta blog 
ог anesthetic-like membrane action which affects t 
` .cance of the membrane action in the treatment of 
~The mechanism of the antimigraine effect of | 








fe, INDERAL also exerts a quinidin 
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i f Y Angina Pectori to Coronary Atherosclerosis: INDERAL LA is indicated 

x 1 agement of patients with angina pectoris. 

p. e: L LA is indicated for the prophylaxis of common migraine headache. 
. The of propranolol in the treatment of a migraine attack that has started has not been 


ovement may be temporary. 
C DICATIONS. INDERAL is contraindicated in 1) cardiogenic shock; 2) sinus 
ıı Dradycardia and Moe than first degree block; 3) bronchial asthma; 4) congestive heart 
"Le MC ig WARNINGS) unless the failure is secondary to a tachyarrhythmia treatable with 
Ex 


. WARNINGS. CARDIAC FAILURE: Sympathetic stimulation may be a vital component sup- 
— 1 porting circulatory function in patients with congestive heart failure, and its inhibition by beta 
|... blockade may precipitate more severe failure. Although beta blockers should be avoided in 

SRM congestive heart failure, if necessary, they can be used with close foliow-up in patients 
` with a history of failure who are well compensated and are receiving digitalis and diuretics. 


- Beta-adrenergic blocking agents do not abolish the inotropic action of digitalis on heart 


* 








. muscle. 
x a INPATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of beta blockers 
` сап, in some cases, lead to cardiac failure. Therefore, at the first sign or symptom of heart 

` failure, the patient should be digitalized and/or treated with diuretics, and the response 


` observed closely, or INDERAL should be discontinued (gradually, if possible). 


IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
ا‎ and, їп зоте cases, myocardial infarction, following abrupt discontinuance of 
INDERAL therapy. Therefore, when discontinuance of INDERAL is planned the dosage 
should be gradually reduced over at least a few weeks, and the patient should be 
cautioned against interruption or cessation of therapy without the physician's advice. If 
INDERAL therapy is interrupted and exacerbation of angina occurs, it usually is advis- 
able to reinstitute INDERAL therapy and take other measures appropriate for the man- 
` agement of unstable angina pectoris. Since coronary artery disease may be 
unrecognized, it may be prudent to follow the above advice in patients considered at risk 
| od пато occult atherosclerotic heart disease who are given propranolo! for other 
. indications. 


| — МопаПегдіс Bronchospasm (e.g., chronic bronchitis, emphysema)— 
BÉ» PATIENTS WITH BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT Receive BETA 

BLOCKERS. INDERAL should be administered with caution since it may block bronchodila- 
K tion produced by endogenous and exogenous catecholamine stimulation of beta receptors. 
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. MAJOR SURGERY: The necessity or desirability of withdrawal of-beta-biockin J therapy * 
prior to major surgery is controversial. It should be noted, however, that the impaired ability of | 
a 
>. 


the heart to respond to reflex adrenergic stimuli may augment the riskqgt genera! anesthesia - 
тап ЧР 


and surgical procedures. a 3 B 

INDERAL (propranolol HCI), like other beta blockers, is a competitive inhibitor б! beta- - 
receptor agonists and its effects can be reversed by administration of such agents, eg. 
dobutamine or isoproterenol. However, such patients may be subject to protracted severe 
hypotension. Difficulty in starting and maintaining the heartbeat has also beth е А with q 
beta blockers. 4 GE: 

DIABETES AND HYPOGLYCEMIA: Beta-adrenergle blockade may prevent the ap- - 
pearance of certain premonitory signs and symptoms (p rate and sure changes! of 
acute hypoglycemia in labile insulin-dependent diabetes. In these patients, it. may be rore 
difficult to adjust the dosage of insulin. 8 ` > 

THYROTOXICOSIS Beta blockade may mask certain clinical signs of hyperthyroidism. 
Therefore, abrupt withdrawal of propranolol may be followed. by an exacerbation of symptoms 
of hyperthyroidism, including thyroid storm. Propranolol does not distort thyroid function tests. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME. several cases have been 
reported in which, after propranolol, the tachycardia was by a severe bradycardia 
requiring a demand pacemaker. In one case this resulted after an initial dose of 5 mg 
propranolol. | sh ~. ‘ad 
PRECAUTIONS. General: Propranolol should be used with caution in patients with impaired 
hepatic or renal function. INDERAL is not indicated for the treatment of hypertensive 
emergencies. и . ' Г” 

Beta adrenoreceptor blockade can cause reduction of ihtraocular pressure. Patients 
should be told that INDERAL may interfere with the glaucoma screening test. Withdrawal may 
lead to a return of increased intraocular pressure. À 

Clinical Laboratory Tests: Elevated blood urea levels. in patients with severe heart disease, 
elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase. 

DRUG INTERACTIONS: Patients receiving catecholamine-depleting drugs such as reser- 
pine should be closely observed if INDERAL is administered. The added catecholamine- 
blocking action may produce an excessive reduction of resting sympáthetic nervous activity 
which may result in hypotension, marked bradycardia, vertigo. syncopal attacks, or orthostatic 
hypotension. ^ 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term studies in animals have 
been conducted to evaluate toxic effects and carcinogenic potential. In 18-month Studies in 


















both rats and mice, employing doses up to 150 mg/kg/day. there was no evidence of significant 
induced Jemicity Tad ere ng related tumorigenic effects at any of the dogage 

Є а not show any impairment of fertility that was 

: NDERAL has been shown to be embryotexic in 

110 greater than the maximum recommended human dose. 
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jgananc tential risk, > fetus 
s: INDERAL is excreted in human milk. Caution should be exercised when 
stered lo a nursing woman. | - UM. c] 


Е in children have mot been established.  / 
effects have been mild and tran: үтү 
‚ intensification’ of AV block: пугу A 
; arterial insufficiency, usually of 




































Nervous System: li dedness; mental depression mariifested by in 
lassitude, weakness, fatigue; «01е mental depression progressing to catatoni 
disturbances: hallucinations; an acute reversible syndrome characterized by di 
time and place, short-term memory loss, emotional lability, slightly clouded sens 
decreased performance on neuropsychometrics MN 
Gastrointestinal: nausea, vomiting, epigastric distress, abdominal crampin 
constipation, mesenteric arterial thrombosis, ischemic colitis. . est 
Allergic: pharyngitis and agranulocytosis, erythematous rash, fever Combir 
and sore throat, laryngospasm and respiratory distress. hi : 
Respiratory: bronchospasm. е Лы». 2 
Hematologic: agranulocytosis, nonthrombocytopenic purpura, throm 
purpura. A - 
Auto-Immune: |n extremely rare instances, systemic lupus ) 
reported. I2 Wt pet 
Miscellaneous: alopecia, LE-like reactions, psoriasiform rashes, dry eyes, 
tence, and Peyronie's disease have been reported rarely. Oculomucocutaneo 
involving the skin, serous membranes and conjunctivae feported for a beta biog 
have not been associated with propranolo! a ЕЯ M 
DOSAGE AND ADMINISTRATION. INDERAL LA próvides propranolol 
sustained-release capsule for administration once daily. И patients are swile 
tablets to INDERAL LA capsules, care should be taken to assure that th 
effect is maintained. INDERAL LA should not be considered a simple mg. 
INDERAL. INDERAL LA has different kinetics and produces lower blood eve 
be necessary especially to maintain effectiveness at the end of EE 0 
HYPERTENSION— Dosage must be individualized, The usual initia) 
INDERAL LA once daily, whether used alone or added to a diuretic 
increased to 120 mg once daily or higher until ad > blood-presst 
The usual maintenance dosage is 120 to 160 mg once daily. In some insta 
mg may be required. The time needed for ful! hypertensive respo Бе, e ' 
variable and may range from a few days to sever pweeks. “sey: x 
ANGINA PECTORIS— Dosage must be individualized. Startling with 80 mg INDERAL L/ 
once daily, dosage should be gradually increased at three to seven day intervals unti! optimi 
response is obtained. Although individual patients may respond'at any dosage level, 
average optimum dosage appears to be 160 mg once daily. Ih apgina pectotis, the val 
safety of dosage exceeding 320 mg per day have not been established. s 21 
if treatment is to be discontinued, reduce dosage gr y over à period of a few week: 
dose is 80 mg INDERAL L/ 


, án ога 
0 тод once daily. Тһе dosage may bi 
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DERAL LA once daily. 

the drug in this age group a 
limited to permit adequate directions for use. (EP -A А, S AM , 
*The оао of INDERAL LA capsules is ered trademark of Ayerst Labor. 
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The First Practical Atlas of | 
Ever Published 





Atlas of 2-Dimensional 


— dl 


Echocardiography 


by Alfredo Palacio, MD 

Director of National Institute of Cardiology, Guayaquil, Ecuador 

Foreword by David H. Spodick, MD, DSc 

Professor of Medicine, University of Massachusetts Medical School: 

Director. Division of Cardiology, St. Vincent Hospital, Worcester, Massachusetts 
ISBN 0-914316-35-4, 198 рр, illus., large format 8% x 12, March '83, $69.00 
2-dimensional echocardiography complemented by M-mode echo- 
cardiography:hàás become one of the most common noninvasive 
diagnostic tools used by the cardiologist. With publication of the 
ATLAS OF 2-DIMENSIONAL ECHOCARDIOGRAPH Y, neophyte 
and expert alike now have available to them the most truly 
usable didactic presentation of the subject ever published. 


yA true atlas, thiş book provides in a large 8% x 12 format 251 


black and white half tones, 152 line drawings and 6 
charts which illustrate in exacting detail how to perform and in- 
terpret 2-dimensional echocardiograms on patients with existing 
and/or suspected heart disease. The lucid accompanying text 
leads the reader step-by-step through the entire process, leaving 
little to the imagination. It presents in the most simple, direct 
way n Rossible the. broadest range of normal and abnormal 
2-diménsional echocardiograms. The descriptions and detailed il- 
lustrations in its technical sections will ensure the superior level of 
performance of echocardiographic techniques that is a sine qua 
non for good results. 





иш ша ша Order Form ши um шш um шн m = 
“All books sent on 30 day approval i 


C Please send me Atlas of 2-Dimensional Echocardiography |] 
(0031) $69.00 

O Enclosed isymy check for which includes $1.50 for handling. 
Yorke pays postage. (same return privilege’ 

О Please bill my О VISA O MasterCard 

Card Number | 


Signature Exp. Date Interbank No. (M/C) 
+ Please ы! me plüs'mostage а and handling. (U.S. and Canadian orders only) 


(same return privilege) 


Name 
„Address 

City/State/Zip 

Send orders to: 

Yorke Medical Books 

Box C-757, Brooklyn, New York 11205 АЈСВ5 
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WORK IN 
PROGRESS 


from a university collaboration wich 
Smith Kline & French Laboratories 
a leader in cardiovascular research 


Calcified atherosclerotic plaques (arrow) are,Visible in 
branches of the left anterior descending artéry (KAD) in this 
infrared photograph of a transilluminated «їеагефһитап 
heart. The epicardial fat appears blue or green, the atria and 
right ventricular wall appear yellow and the left ventricular 
myocardium is seen as red. 

This extraordinary photographic technique enables 
investigators to study atherosclerotic plaque without 
opening or dissecting the vessels. 


SIcGtr 


SmithKline Beckman Corporation 1985 Photo: Lewis L. Lainey 
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TWO-WAY LIPID REGULATOR 


IOP IID) 4 Balanced Approach. 
gemfibrozil capsules, USP) 300g 


Indicated for adult patients with high serum D Lowers elevated serum levels Of, 
triglycerides (type IV hyperlipidemia) who present  triglyceride-rich very-low-density ip oteins 
a risk of pancreatitis and who do not respond (VLDL) апа, 4о a lesser/extent, Cholesterol ich 
adequately to diet. low-density lipoproteins (LD) 


Clinic al trials show that Lop id D Favorably raises sërum levels Fi high: Чеп 
lipoproteins (HDL) Fi 


favorably regulates the banii of A 
certain lipoproteins responsible 2 Has a side effects profile similar to 


placebo and no significant, ábnor malitiesan 


| lor transport of crum lipids. clinical/laboratory evalu; tions 


D Plus BID conyenience 


© 1984 Warner-Lambert Company 





po emer Ss ӨНӨ interpretation of balance 
: | i of serum VLDL and HDL. 


m 


Л 


o Therapy of Certain Dyslipidemias 


| Apid-régulating efficacv: Diet, exercise and weight loss | 
are the first choice in therapy of 


open-label phase of US multicenter study ill шык 


at Cl id of Ы lunar months" CO 4 weeks during long-term use 


Average percent change from baseline at doses ranging from Hab sth d сә ds 5 ы As саса | 
800-1 600 me/da/ тайгу at 1,200 mg/day (119 patients) experience based on the multicenter trial. 

"es „За gi Ni oe р They do not apiy an indication for Types | 
+60% Па and IIb dyshpidemias. 
+40% 1. Data on file, Medical Affairs Dept, Parke-Davis. 
+20% Total TLDL 1 ES uS 4 

Triglyceride | Cholesterol и -DL ae ee 

Page | Эш ш PARKE-DAVIS 
"T z ) 10: 

| | | HDL-C 
-20% ; m to Total-C 


{ 4 


E. Please see following page for brief summary 
-40% ES w : : of prescribing information. 
— 60906 


m Type lla № = 34 _ т, ре lib N = 27 ES Туре IV. N= 58 
















OGY. LOPID is a. üpid HS ageni which lowers 
ly. by decreasing serum triglyceride with a variable 
esterol. These decreases occur primarily in the ey 
VLDL) fraction and less frequently in the iow density lipo- 
n addition, LOPID may increase the high density Чрорго- 
faction. an action considered of possible benefit to 
he hero clerotic process. 
of action has not been detinitively established. ín man, LOPID 

nhibit periphera! lipolysis and to decrease the hepatic extrac- 
$, thus reducing hepatic triglyceride production. LOPID also 
esis of VLDL carrier apoprotein, leading to a decrease in VLDL 























































































suggest that LOPID may, in addition to elevating HOL choies- 

incorporation of long-chain fatty acids into newly formed triglycer- 

erate turnover and removal of cholestero! from the liver, and increase 

tero! in the feces. 

bsorbed from the gastrointestina! tract after ora! administration, 

1a levels occur in one to two hours with a plasma half-life of 1.5 hours 

| es and 1.3 hours following multiple doses. Plasma levels 

Чо dose and do not demonstrate accumulation across time 

ple doses. - 

y undergoes oxidation of a ring methyl group to successively form а 
nd.a carboxy! metabolite. Approximately seventy percent of the 

üman dose is excreted in the urine, primarily as unchanged gemfi- 

f the dose is accounted for in the feces. 

led muiticenter trial of 427 patients, lipid and lipoprotein 

ge baseline (%) by hyperlipoproteinemic (НЕР) type are sum- 

ose patients receiving gemfibroz:. 1200 mg/day, at the end of 


RATIO 
HD Cholesterol 


CHOLESTEROL 
юа! ФАР LDL HDL 


Total Cholesterol 


- 4 2% + 24 6% + 33% 
- 8.6% + 19 5% + 34% 
~ 1.8% + 17.495 + 23% 





5 AND USAGE. Drug therapy should not be used for the routine treat- 
ted blood lipids for the prevention: о coronary heart disease. Dietary 
йс for the type of hyperiipidemia is the initiai treatment of choice. Excess 
and excess alcoholic intake may be important factors in hypertriglyceri- 
uid be addressed prior to any drug therapy. Physica! exercise can be 
ancillary measure. Contributory diseases such as hypothyroidism or 
itus should be iooked for and adequately treated. The use of drugs 
idered oniy when reasonable attempts have been made to obtain sat- 
with nondrug methods. if the decision is to use drugs, the patient 
d that this does not reduce the importance of adhering to diet. 
t chemical, кө са! and clinica! similarities between gemi bro- 
fate, and the adverse findings with clofibrate in two large clinica! studies 
98). use of gemfibrozil should be restricted to the following indications. 
тау be considered for the treatment of aduit patients with very high serum 
e levels (type IV hyperlipidemia) who present a risk of abdominal pain and 
and who do not respond adequately to a determined dietary effort to con- 
Patients with triglyceride ievels in excess of 750 mg per deciliter are likely to 
uch risk. 
jemtibrozil capsules, USP) has Ие effect on elevated cholesterol levels 
jects. A minority of subjects show a more pronounced response. How- 
be understood that there is no evidence that use of any lipid-altering 
je beneficial in preventing death from coronary heart disease (see WARN- 
erefore, the physician shouid be very selective and confine gemfibrozil 
patients with clearly defined risk due to severe hypercholesterolemia 
gals with familial hypercholesterolernia starting in childhood) who inade- 
ond to appropriate diet and more effective cholesterol-lowering drugs. 
ot useful for the hypertriglyceridemia of Type | hyperlipidemia. 
chemical response to gemfibrozil is variable, and itis not always possibie to 
om the iipoprotein type or other factors which patents will obtain favorable 
ssential that lipid levels be assessed and that the drug be discontinued 
e months in any patient in whom lipids do not show significant epist ien 
ct of drug-induced reduction of serum cholesterol or triglyceride ieveis or 
of HDL cholesterol ievels on morbidity or mortality due to coronary heart dis- 
ot been established. Severa! years may be required before ongoing tong- 
gations wi! resolve this question. 
ICATIONS. 1. Hepatic or severe renai dysfunction, including primary 


i eexisting gallbladder disease. (See Warnings.) 
ypersensitivity to gemfibrozil. 
GS. 1: Because of chemical, pharmacological, and clinica! similarities 

zii and clofibrate, the adverse findings with clofibrate in two large 
nay. also apply to gemfibrozil. In the first of those studies, the Coro- 
ject, 1000 subjects with previous myocardial infarction were treated for 
h clofibrate. There was no difference in mortality between the clofibrate- 
ubjects and 3000 placebo-treated subjects, but twice as many ciofibrate- 
ubjects developed cholelithiasis and cholecystitis requiring surgery. in the 
nducted by the World Health Organization, 5000 subjects without 

y heart disease were treated with clofibrate for five years and followed 
id. There was a statistically significant 36% higher total mortality in the 

ed than in à comparable placebo-treated control group. The excess 

я cardiovascular causes, including malignancy, postchoiecys- 

г ancreatitis: The higher risk of ciofibrate-treated subiects 





3i Tumorigeni icity Studies: Long-term studies have 
е at one and ten times. the human dose. The inci- 






found in the hurnan iver 

Male rats had a dose-related increase of benign oe cell 
bilateral cataracts occurred in 0%, and unilateral in 6.3% of the 

3. Since a reduction of mortality from coronary artery disease 
strated arid liver and interstitial cel! testicular tumors were incre: 
LOPID should be administered only to those patients described 
Usage Section. H a significant serum lipid response is not obtait 
discontinued. : 

4 Choleiithiasis-—LOPID may increase cholesterol | excretion ite the bile leading to 
cholelithiasis. H cholelithiasis is suspected gallbladder studies are indicated. LOPID 
therapy should be discontinued if gallstones are found. : 

5. Concomitant Anticoagulants — Caution should be exerci ised when anticoagulants < 
are given in conjunction with LOPID. The dosage of the anticoagulant should be j 
reduced to maintain the prothrombin time at the desired level to prevent bleeding = 

complications. Frequent prothrombin determinations are advisable unti thas been - 
definitely determined that the prothrombin level has stabiliz ee 
PRECAUTIONS. i. initial Therapy— Before instituting LOPID 
sules, USP) therapy, every attempt shouid be made to со 
appropriate diet, exercise, we:ght loss in obese patients, 
lems such as diabetes mellitus and hypothyroidism. 

2. Continued Therapy— Pretreatment iaboratory studies mne 
ensure that patients have abnormal levels of serum lipids. Релодіє determ 
serum lipids should be obtained during LOPID administrati fus drug shoul d be 
withdrawn after three months if the lipid response is inade : 

3. Seasonal Variation of Lipid Levels —L OPID is not & soled to-alter seasonal 
variations of higher serum lipid values in mid-winter and late: summer or the tower val- 
ues in fai! and spring. 

4. impairment of Fertility —Aaministration of approximately thiee and.ten times 
the human dose to male rats for 10 weeks resulted in a dose-related decrease of fertii- 
ity Subsequent studies demonstrated that this effect was reversed after a e 
period of about eight weeks, and it was not transmitted to their offspring... 

5. Pregnancy Category B— Reproduction studies have been pertorr 
at doses 3 and 9 times the human dose, and in the rabbi and: 
human dose. These studies have revealed no evidence. 
or harm to the fetus due to LOPID. Minor fetotoxicity wag 
rates observed at the high dose levels. No significant пай 
among aimost 400 offspring from 36 litters of rats and 09 fetuses from 22 littere 
rabbits A ‚к 

There are no studies in pregnant women. in view of the fac that LOPID is tumori= 
genic in male rats, the use of LOPID in pregnancy should be res 
patients where the benefit clear'y outweighs the possible tisk to the patient of fetu: 

6. Nursing Mothers — Because of the potential for tumorigenicity shown for 
brozil in таё rats, a decision should be made whether to Ue ni 
continue the drug. taking into account the importance eftt 

7 Hematologic Changes-- Mid Hemo hi he 
decreases have been observeciin occasional pati 
therapy However, these: levels stabilize during iong-t 
periodic blood counts аге recommended during. the 
administration. 

8. Liver Function-— Abnormal liver function tests’ 
during LOPID administration, including elevations of SGOT. 
phosphatase. These are usually reversible when LOPID is d 
periodic liver function studies are recommended and LOPID fh 
nated if abnormalities persist. S 

9. Cardiac Arrhythmias — Although no cinica 
occurred that could be attributed to LOPID. the pdgsi 
ties may occur. 

10. Use in Children —Salety and etficacy inc 
ADVERSE REACTIONS. in controlled clinical t 
who received LOPID for at least one year, the mas 
tions associated with LOPID involved the gastro 
of frequency, these were abdominai pain (6.0% 
(4.8%), nausea (4.096); vomiting (1.6%), and fla 
tions where the probability of a causal relations 
by system, 
integumentary: rash. dermatitis, pruritus, uric 
Central Nervous System: headache, dizzines 
Musculoskeletal: painful extremities — . 
Hematopoietic: anemia, eosinophilia. ieukop 

Other reactions have been reported under ci 
difficult to establish. thus the physician shou id 
of viral and bacterial infections ‘common CO 
were more common in gemfibrozil than in plac 
Other reactions were: 

Gastrointestinal: dry mouth. constipatio 

Musculoskeletal: back pair, arthraigia, пт 

Central Nervous System: vertigo. тогоп 

Clinical Laboratory: hypokalemia. liver f 
SGPT, LDH, CPK, alkaline. phosphatase) : 

Miscellaneous: fatigue, malaise. syncope 
DOSAGE AND ADMINISTRATION. The ret 
administered in two divided doses 30 minut 
Some patients will experience therapeutic ef 

1500 mg/day for satisfactory resuits. 
DRUG INTERACTIONS. CAUTION SHOU 
LANTS ARE GIVEN IN CORE ANTICA 
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BLEEDING COMPLICATIONS. FREQUE ' 
ARE ADVISABLE UNTIL IT HAS BEEN 0 
PROTHROMBIN LEVEL HAS STABILIZE 
MANAGEMENT OF OVERDOSAGE. 
dosage. symptomati supportive mea 


PARKE-DAVIS 


Division of Warher-Lambert Compa 
Morris Plains, New. 0795 




















of t diagnosis and subclassification of anatomic degre of S traddling AV valve. 
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 Рге- and Postoperat EE Assessment of Children with Secundum Atrial Septal 
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children and associated with a atrioventricülar node (AVN) кулом тоб pacing in 5 children £ p eope 
tively. There were no Significant ences in age, hemodynamics or shunt size between children wath по 





522 Local Abnormalities of Right ы Depolarization After Repair of Sony of MN A Basis fo 
Ventricular Arrhythmia | 


JOHN DEANFIELD, WILLIAM мнн, | um EE, c 








п these ра- 


аг ythmia and conduction disturbances. Abnormalities of right ventricular repolarization in the f 
| low-frequency signals. after the T wave were observed in 17 patients (77%) in right ventr 

5, but did not correlate with ventricular arrhythmia. The finding of fractionated depolarizati 

s in the right ventricle in patients with spontaneous ventricular arrhythmia suggests that wides 

al damage provides the substrate for ventricular tachycardia. | 


essment of Hemodynamic Status in the Intensive Care Unit immediately After Closure e ( PE 
6 ntricular Septal Defect 


2 ROBERT N. VINCENT, PETER LANG, CARL W. CHIPMAN, and ALDO R. CASTANEDA 


се data obtained i in nthe intensive care unit et 12 to 48 hours lene closure of vé 


: ллу significant residual VSD. ICU measurement of PA pressure was a useful кеа 
at catheterization. In the absence of factors known to alter PA pressure, the measurement of P 
ICU will only overestimate what it will be at a subsequent catheterization. ICU assessment o 
after closure of VSD is useful in identifying patients with hemodynamically significant residua 
who і may have persistent pulmonary artery hypertension. 


mparison of Ventricular Function After Senning and Jatene Procedures юг Complet ransposition 
he Great Arteries —— (ире 


` HIROHUMI OKUDA, MAKOTO NAKAZAWA, YASUHARU IMAI, HIROMI oa 
. YOSHINORI TAKANASHI, SHUICHI HOSHINO, and ATSUYOSHI TAKAO 


. Ventricular function was compared in patients who underwent the Senning procedure and 
went the Jatene procedure for complete transposition of the great arteries. The system 

: characteristics were better in the Jatene group than in the Senning group, although pul 
ume showed no difference between these 2 groups. Dysfunction of the right ventricle aft 

dure could be ascribed to postoperative adhesion of the right ventricular free wall to the 


y Analysis of Phase-Angle Histograms from Equilibrium Radionuclide Studies: Corre! 
emu tuve Grading of Wall Motion 


G.B. JOHN MANCINI, WALLACE W. PECK, and ROBERT A. SLUTSKY 


. Quantitative wall motion assessment from gated radionuclide left ventriculograms 
Studied in 6 normal volunteers and 8 patients with prior myocardial infarction. The stan 
ness of the phase-angle histograms were obtained from global left ventricular region 
mental regions of interest (septal, apical and posterolateral). Studies were performed 
. Of atropine and after the combined administration of phenylephrine (to cause worsened 
б. ‘so that heart rates during the 2 interventions did not differ by more than 6 beats/min. 
'egional basis was assessed by a semiquantitative method by independent observer 
| on and skewness showed significant correlations with wall motion scoring. From th 
est correlations with wall motion scores were found after atropine (r = 0.86, p «0.0 
چ‎ 0.72, p «0.001 for skewness). Despite this, deterioration in global wall motion : 
` directional changes of the standard deviation and skewness. No significant corre 
A change in skewness and wall motion scores were found with the segmental analys 
between. segmental standard deviation and segmental wall motion grading was à 
.. ministration (г = 0. 68, p « 0.001), but deterioration in visual wall motion did not co 
—- tion of the standard. deviation. Neither variable had very high sensitivity in categor 
`. Sion, the presently used method of phase-angle analysis is insensitive in the detec! 
| This limitation is most profound in the assessment of deterioration in regional fun 


Continued on page А15 



































treated only for hypertension. 


4 emphysema) Pati 
гуми receive beta-blockers. NORMODYNE may be 






thout preventing its hypotensive effect, If labetalol HC! i 
troglycerin in patients with angina pectoris, additional ar 


fects may occur, - 





































CATIONS AND USAGE ee ано! în the uri ne may rept 
ПОМ р AGE - | ncreased Jevels of urinary catecholamines w en measured by a. 
IODYNE {labetalol HCI) Tablets are indicate : iic erihydroxyindole (THI) reaction. In screening patients sus 





f hypertension. NORMODYNE Tablets 
ation with other antihypertensive agents 
S luretics. - 





ted Mf having a pheochromocytoma and being treated with laberalol 
... HCI. specific radi tic ог high performance liquid сга 
phy assay techniques should be used to determine levels of catechol- | 
amiries or their metabolites. | A 
ixcinogenesis, Mutagenesis, Impairment of F 2 3r 
Long-term oral dosing studies with labetalol HCI for 18 months in: Ф: 
_thice and for 2 years in rats showed no evidence of carcinogenesis.. 
Studies with labetalo! HCI, using dominant lethal asaye inratsand — 
ic шее exposing microorganisms according to modified Ames rests, 
noev +: DE. 


















mber of other less common adv 
ical trials or the literáture: 


















MODYNE {labetalol HCD) Tablets are co dic. 
в. overt cardiac failure, greater than first degree 
cardiogenic ы і, and severe bradycardia. (See WARNI 
































WARNINGS E 

Cardiac Failure Sympathetic stimulation is a vital 
porting circulatory function in congestive heart faili 
carries a potential hazard of further depressing myo 
and precipitating more severe failure. Although beta 
















avoided in overt congestive heart failure, if necessary й were seen in both species at doses approximating the MRHD. The х = 
be used with caution in patients with a history of he: te who are no uate and. VOLO e dii S pt conan women. Laberalol . 
well-compensated. Congestive heart failure has been observed in should be used during pregnancy only if the potential benefit justifies t 
patients receiving nen ч m ا‎ HCI d bolish the potential risk to the fetus. ; p 
inotropic action of digitalis on heart muscle. E | R . 

In Patients Without a History of Cardiac Failure Nonteratogenic Effects 


ntswith 


H m 





latent, . infants of mothers who were treated with labetalol HCl for hyperten- © 
bale som during gnancy did not appear to be adversely affected by the - 








cardíac insufficiency, continued depression of the t 
beta-blocking agents over a period of time can in sc 
cardiac failure. At the first sign or symptom of im 
ure, patients should be fully digitalized and/or be gi 
the response observed closely. If cardiac failure con 
uate ана and diuretic, NORMODYNE( 
therapy should be withdrawn (gradually i 
Exacerbation of Ischemic Heart Disease 








rug. Oral administration of labetalol to rats vU e gestation et < ina 
through weaning at doses of 2 to 4 times the МЕНО caused a decrease їп TUE 
"neonstál survival. DOTÉ 
Labor and Delivery 

Labetalol HCI given to pregnant women with hypettension did not 
appear to affect the usual course of labor and delivery. | 
Nursing Mothers | К 

Small amounts of labetalol (approximately 0.004% of the maternal 
dose) are excreted in human milk, Caution should be exercised when рх 
NCRMODYNE Tablets are administered to а nursing woman, 
Pediatric Use _ дел 

Safety and effectiveness in children have not been established. 

























purpura. | 
$E inal Mesenteric artery thrombosis; is 
; carefully moni | ADVERSE REACTIONS 7" Те oculo ticocutaneous syndrome associated wi 

tored. 1f р markedly worsens or acute coronary insufficiency devel- - ME ud orn 









a ORMODINE ale HCI admnisyaon ouldteofeeament Тасо imeal ab Sod monda dunnan des Clinical laboratory et: There have ben 
reinstituted promptly, at least temporarily, and other measures appropri continuation of NORMODYNE (labetalol HCl) Tablets due to one or — Um tra in 4% of patients treated 
ate for the management of unstable angina should be taken. Patients | 













ee Я À OEE SEE ` more adverse effect was required in 7% of all patients. In these same 

should be warned against i жер OF discontinuation of therapy ` trials, beta-blocker control agents led to discontinuation in 8 to ЮФ of 
without the physician's advice. Because coronary а ease {5 7 patients, and a centrally acting alpha-agonist in 30% of patients. 
mon and may be unrecognized, it may be prudent not to rin ; . Fhe incidence rates of adverse reactions listed in the following table 
NORMODYNE (laberalol HCl) therapy abruptly even in patients >: меге detived from multicenter controlled clinical trials, comparing labe 


- tested, and mote rarely, reversible increases in b 










: ee ‘gue - talot HCY, placebo, metoprolol and propranolol, over treatment periods: 
Nonallergic ета (e.g. chronic bronchitis and of Zand 4 onthe: Where the frequency of adverse effects for labetalol - 
ts with bronc tic disease should, in general, HCI and placebo is similar, causal relationship is uncertain. The rates 
with caution, are based on adverse feactions considered probably drug-related by the 
te, other investigator. If all reports are considered, the rates are somewhat higher 
{e.g.,. dizziness 2096, nausea 14%, fatigue 11%), bur the Overall conclu- 
sions are unchanged. Eos en ay 






however, in patients who do not respond to, or cani 
jntihbvpertensive agents. It is prudent, if NORMOD 
e smallest effective dose, so that inhibition of endoge 
beta-agonists is minimized. E 
heochromocytoma Labetalol HC] has been shown. 
lowering the blood pressure and relieving кавы in 
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hecpchromocytoma. However, paradoxical hypertenst nses hay БА Ж ез E rw тта .' dpeca) 
lu $ reported in a few patients with this tumor; therefore, use caution ( € ) | % EE % d " P500 MEG gener UATE: О 
wher) administering labetalol HCl to patients with pheochromocytoma. mu o PME  Jabetaior Кл the пш 
Mtabetes Mellitus and Hypoglycemia Beta-adrenergic blockade may Body as a whole 20 0 8X mg greater than 2 т/а. The 
preveint the appearance of premonitory signs and symptoms (eg. , tachy- fatigue 5 0 12 poceo M these mg/kg. p 
catdia 3 of acute lie aera This is especially important with labile asthenia i i і фу Ж a 
diaberigs. Beta-blockade also reduces the release of insulin in response to headache 1 1 i 27 
hyperglcemia; it may therefore be necessary to adjust the dose of anti- Ginou ree d 
diabetickdrugs. nausea 6 i 1 2 
Majog Surgery The necessity or desirability of withdrawing beta- vomit <1 0 Q ő 
blocking {therapy prior to Major surgery is controversial. Protracted 4 ы 3 1 1 0 
severe hypkotension and difficulty in lords © maintaining a heart СЕ A o 0 1 H 
. beat have Бп reported with beta-blockers. The effect óf labetalol т" ра <} 0 2 д 
НСТ аЇрһа-аштепепис activity has not been evaluated in this setting. taste distortion 1 0 0 а, 
A synergistyy between labetalol НСІ and halothane anesthesia has Cenaland Р IN Е 
been shown (secs Drug Interactions). Rd Anl eripheral Nervous Systems 
dizziness il 3 4 4 
paresthesias «1 Q 0 0 
PRECAUTIONS CN ^ drowsiness «1 2 2 2 
ral] Hepatic Function NORMODYNE (labetalol HC: Autonomic Nervous System 
Tablets should be used with caution in patients with imp ited hepatic ; nasal stuffiness з о 0 o 
function since metabdlism of the drug may be diminished A ejaculation failure i 0 0 0 
Jaundice or Hepatic IDys ion I HCl has impotence 1 0 1 3 
been associated with jatgndice (both hepatic and choles "increased sweating «] 0 0 0 
fore recommended that ¢reatment with labetalol HCI be stopped Cardiovascular 
immediately, should a patient develop jaundice or laboratory evidence of edema 1 Q 0 Q 
liver injury. Both have begn shown to be reversible on stopping therapy. tural hypotension — ! Q 0 0 
information for Patients E e | 0 0 5 12 
As with all drugs with Beta-blocking activity, certain advice to Respiratory 
patients being treated with labetalol HCI is warranted. This information dyspnea 2 0 1 2 
is intended to aid in the safe and effective use of this medication. Itis — Ski 
not a disclosure of all possible: adverse or intended effects. While no ES i: h { 0 0 0 
incident of the abrupt withdrawal! phenomenon {exacerbation of Шак 
angina pectoris) has been reported with labetalol HCl, dosing with ў Special Senses 
NOR ODYNE Tablets should not be interrupted or discontinued with- vision abnormality l 0 o 0 
out a physician's advice. Patients Being treated with NORMODYNE vertigo. 2 ! 0 0 
Tablets should consult a physician az any sign of impending ca : 
failure. Also, transient scalp tingling may occur, usually when treat- T 
ment with NORMODYNE Tablets is initiated (see ADVERSE К The adverse effects were reported spontaneously and are repre- 
уан ЮМ$). ОЛУ Nie ж = е шеке of advetse с me may be observed n ы 
ratory Tests | oo) Ju. cv Property selected hypertensive patient population, ie., a group exclud- 
As with any new drug given over prolonged periods, laboratory ` -ing patients with bronchospastic disease, overt congestive heart failure, 
parameters should be observed over regular intervals. In patients with гос other contraindications to beta-blocker therapy. 
concomitant illnesses, such as impaired renal function, appropriate tests ., Clinical trials also included studies utilizing daily doses up to 
should be done to monitor these conditions. & 2400 mg in more severely hypertensive patients. Certain of the side 
Drug Interactions 2 effects increased with increasing dose as shown in the table below which 
In one survey, 2.3% of patients taking labetalol HC} in combination depicts the entire U.S. therapeutic trials data base for adverse reactions 
with tricyclic antidepressants ex; аыр tremor as Compared to Û, 7% that are clearly or possibly dose related. AE 
reported to occur with labetalol HCl alone. The contribution of each of | 
the treatments to this adverse reaction is unknown but the possibility of 
втор interaction cannot be excluded. Labetaiol HC] и 
pm Drugs possessing beta-blocking properties can blunt the Daily Dose {ing} 200 зоо 400 600 
tor effect of beta-receptor agonist drugs in patients with bros ; Number of | OMEN: 
therefore, doses greater than the normal anti-asthmatic dose: Patients 522 181... 606 608 
agonist bronchodilator drugs may be required. af Dizziness (96) 2 3 3 3 
Cimetidine has been shown to increase the bioavailability д atigue à i 4 4 
lol HCl. Since this could be explained either by enhanced a SEDI {ашса <} 0 1 DIT EET: Lone 
by an alteration of hepatic metabolism of labetalol НСІ, special care iting Q В, <} «lp Ce 1T “ОЛАЙ жү: 
should be used in establishing the dose required for blood pressure con ia i 0 2 et tee er : Schering Corporatio 
trol in such patients. Е 2 Q 2 2 v Kenilworth, Nut 
Synergism has been shown between halothane anesthesi і E 2 2... Revised 12/84 | КЕ 
“intravenously administered labetalol HCl. During con Q 2 i 2 шанын ОЕ 
` Sive anesthesia using labetalol HCl in association with i і | | Copyright ©1984, 1985, Schering Cor 
Concentrations (3% or above) of halothane should i Q^ + i | 3316201 E 
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3 Beyond beta blockers-also actsasa 
vasodilator to lower blood pressure. — — 
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response to exercise in hypertensives. 
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In both groups, “contraction was s best preserved i in the anterobasal, ‘posterobasa and supe 
tients with CAD had worse apical motion and better wall motion in the anterobasa 
pared to patients with idiopathic dilated cardiomyopathy. To assess symmetry of coi 
ence score was derived for each patient. Symmetric motion occurred predomin anth 
myopathy, whereas markedly. asymmetric motion occurred predominantly ‘ir la» 
score was the best predictor of the diagnosis, because of better separation at ; ofi 
ence score values. Because of the overlapping range of radionuclide ventriculographic abnorm 
orders, the pattern of wall motion alone cannot reliably distinguish a reduced EF due to Шорай | 

myopathy from that due. to CAD. : ee de 





















= 545 Sensitivity of Electrocardiographic Criteria for Left Ventricular Hypertrophy According to Typ 
= Cardiac Disease — E 


MARVIN L. MURPHY, P. NIHAL THENABADU, NEIL de SOYZA, JAMES. S MEADE, | JAMES E. l 
and BONNE J. BAKER - i | 












The sensitivity of 30 electrocardiographic Criteria for left ventricular hypertrophy, isolat 
amined to determine the relation to the underlying cardiac disease. Patients w / 
temic hype ension, valvular heart disease and cardiomyopathy were eval itec 
was used to define ventricular hypertrophy. Single electrocardiographic crite: 
for 1 disease state but not for others. Methods using combinations of various 
proved sensitivity. As a result, sensitivity of the electrocardiogram for left ventric arf ур‹ 
ог patients Y th systemic hypertension and valvular heart disease, and ac sept 
| tients with | coronary artery disease and cardiomyopathy. Because the use ‹ sin 
| tive, method s using multiple electrocardiographic criteria to detect left. ventricular 
i ed when the p population under study represents diverse cardiac disease. 
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551 Myocardial Infar Size Threshold for Two-Dimensional Echocardiographic De 
Systolic Wall Th kening and Endocardial Motion Abnormalities in Small Versus Lar 

NATESA G. .PANDIAN, DAVID J. SKORTON, STEVE M. COLLINS, SAMON KOYANAG l 

1 ROBERT KIE! MELVIN L. MARCUS and RICHARD E. KERBER _ » 
This st. у ev es ‘the ability of 2-dimensional echocardiography io detect infarcts ot 
ed | andl ) rcumferential extent. Echocardiography was performed i in 29 closed-chest, 
days after circumflex с coronary artery occlusion. Infarct size was assessed by morphologic exar 
larger than 189 с of left ventricular mass uniformly resulted in echocardiographically detectable 
normalities. When. the infarcts were small (1 to 6% of left ventricular: mass) and primarily sube 
sensitivity of ес} hocardiography was poor: only 3 of 10 of the dogs with small infarcts showed abnor | 
wall thickening, and only 1 of 10 by endocardial motion. Thus, in this canine model of myocardial inf 
mensional e e was insensitive to small, subendocardial infarcts. if this is true in humans, 

| cardiograpr | | 
: ` BOERBOOM, GORDON N. ‘OLINGER, ‘LAWRENCE 7  BONCHEK, ILHAN 1. гам 
" SEBAH | 












bition with both: aspirin and dipyridamole i is widely prescribed for patients wit 
data are lacking to prove that combined drug therapy has greater. effica 
' г ug given individually. This study compared the: graft. lipid-lowering ef 
single drug tl гару in utologous cephalic veins grafted into femoral arteries of. 23 stump-tail 


m Continued а on page A 
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pa Platelet Function by Low-Dose нан їп 






















of these agents to аг tale effect is uncertain. 


560 In Vivo Assessment of Left Ventricular Wall and Chamber Dynamics During Transient Myocardia 
ischemia Using Cine Computed Tomography 


DONALD FARMER, MARTIN J. LIPTON, CHARLES B. HIGGINS, HANS RINGERTZ, 
RICHARD SIEVERS, and DOUGLAS P. BOYD 











Using a new computed tomographic scanner design (that utilizes a rapidly moving electron bon ,.90 T 
puted tomographic scans were obtained at 2 axial levels simultaneously through the hearts of 6 dog: 1 
lyze left ventricular wall thickness and cross-sectional chamber area after acute occlusion of the left anteria 
descending coronary artery. Scanning at the rate of 17 scans/s through the middle of the à eft ventricie 
intravenous administration of contrast medium at rest, 60 seconds after acute occlusion of the le = 
scending coronary artery. and 60 seconds after release of the occlusion revealed alterations in regione 
dial function during acute. ischemia Characterized by wall thinning during systole i in the jeopardized seg ! 
no significant cha ge in global left ventricular function. 




















subjected to myocardial i infarction and increased loss (methoxamine adinistralieim ) during кюн) yh 
of coronary tolo ebd eed myocardial infarct expansion at 7 сау after ocolusi og jare 


571 Comparative Electrophysiologic Effects of Adenosine Triphosphate and Adenosine in the Canine : 
Feart: Influence of Atropine, Propranolol, Vagotomy, Dipyridamole and Aminophynino: * ү 


AMIR PELLEG, BERNARD BELHASSEN, REUBEN ILIA, and SHLOMO LANIADO . 








The electrophysiologic « слева of ATP and adenosine were o in a canine model. T 





effects than iis cies (2) Í his difference is mediated, in large part, by ATP triggered vagal eflexes; and : 
a small Dart of the electrophysiologic effects of ATP are а result of its degradation to > adenosine. 
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Coffee, Tea and Cholesterol 
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ic Int y Left Atrial Echoes in Mitral Stenosis — — j 
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o 2 myloid Ischemic Heart Disease — — 
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Doppler Echocardiography — ^ 1 
KING, DAVID A. DANFORD, JAMES C. HUHTA, and H 
J nt from the Left Main Coronary Artery (Single ¢ ;oronar Ostium i 
DEBORAH J. BARBOUR and WILLIAM C. ROBERTS и | 
610 Thrombosis Comp alloon Angioplasty of Left Pulmonary Artery Stenosis. ٠ 
rocedure: Successful Treatment with Intravenous Streptokinase — _ 
THOMAS G. | SA, LAWRENCE A. YEATMAN, Jr., ROBE | 


WILLIAM Р. FRIEDMAN, and HILLEL LAKS | b 


































































































Calcified Right Ventricular Outflow Tract Aneurysm After Repai of F 
.. CHARLES A. BULLABOY, RUFUS B. JENNINGS, Jr., and DA 
612 Aortic Aneu T r Р; h Aortoplasty for: n in Chilc | 
` KAREN .A. CARPENTER, ROY JEDEIKIN, J. FRAN : 
BENNETT : KRON, HOWARD P. GUTGESELL, and - 





613 Deglutition Syncope and Atrioventricular Block Selectively Induc 


KUNIS, OSCAR B. GARFEIN, ANTHONY J. PEPE, and ED 
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Johnson & Johnson has reshaped 
the future of Ultrasound. 


The formation of Jahnson & 
Johnson Ultrasound Inc. has in- 
troduced a new philosophy 
concerning the field of echocar- 
diography. This philosophy of 
commitment to technological 
innovation, to quality and re- 
liability, and to continuous 
product refinement is embodied 
in the form of Meridian? 


Meridian" is the phased array 
2-D imaging and Doppler system 
that brings to the everyday prac- 
tice of medicine virtually all that 
is known in echocardiography, 
in one single cardiodiagnostic 
center. Continuous Wave, 

Pulsed Wave and High-PRF 
Doppler have been functionally 
integrated with our new 


ру TA Range Doppler : 
Simultaneously, Meridian" dis- 
plays smooth, real-time, two- 
dimensional images of extraordi- j 
nary quality, utilizing the break- 
through technology of Parallel 
Processing. 

This is the future of ultra- 
sound, reshaped by Johnson & 
Johnson in the form ofthe - 





ULTRASOUND 


IREX CARDIOLOGY GROUP )))))))) 


Meridian? This complete non- Г 
Invasive diagnostic center prom- | IREX Cardiology Group 
ises to be the most cost-effective | 69 Spring St., Ramsey, NJ 07446 


means of acquiring, analyzing 
™ and reporting cardiodiagnostic ne om information 


| 
| 
| 
| | 

data for many years to come. | Eu —— | 
For complete information оп | а Imaging capabilities i LAP M | 
the clinical capabilities of | of Meridian Lais ; д | 
Meridian,” please fill out and send ! LJ Dopp ler capabilities | 
to us the request form provided. , of Meridian | 


See us at the ACC Booth No. 1518 








NAKKA Y TVA 


CONIO BEC 
THE IMPULSIVE 


NORMALIZES MANY SUPRAVENTRICULAR 
TACHYCARDIAS 


INDERAL" (propranolol HCI) is a primary agent of control for a 
broad range of supraventricular arrhythmias. Predictable 
response and a long-established safety profile make INDERAL 
the only beta blocker indicated for arrhythmia—a widely used 
agent in the treatment of supraventricular tachycardias. 


SUPPRESSES VENTRICULAR ARRHYTHMIA, 
KONIE 


Now a major new INDERAL indication—to significantly improve 
survival in postinfarction patients*—consistent with its antiar 
rhythmic efficacy. INDERAL reduced ventricular arrhythmia post- 
MI by 43% in the Beta-Blocker Heart Attack Trial (BHAT)' when 
compared to placebo at six weeks. Moreover, INDERAL often is 
the drug of choice for ventricular arrhythmias induced by 
digitalis or by excessive catecholamines. 


CONTROL—WITHOUT COMPROMISING 
PATIENT ACCEPTANCE 


INDERAL is very well suited for long-term arrhythmia 
management. And the wide therapeutic index of INDERAL 
permits appropriate individualized dosing. Patient 

selection is important.’ But when the impulsive heart presents— 
arrhythmia alone or with coexisting hypertension or angina 
—only INDERAL offers the comprehensive control that can 

treat and protect. 


TABLETS 


TREATS AND 
PROTECTS 


*After the patient has survived the acute phase of myocardial infarction and is 
clinically stable. 

tPlease see next page for brief summary of prescribing information, including 
contraindications and side effects. 


Reference: 1. Lichstein E, Morganroth J, Harrist Н, et al: Effect of propranolol on ventricular arrhythmia: 
The Beta-Blocker Heart Attack Trial experience. Circulation 1983:67 (suppl I):5- 10. 



























10mg 20mg 40 mg 


MMARY (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR j 





E ш hydrochioride) Tablets 


uw. | CLINICAL PHARMACOLOGY 
locker Hear Attack Trial (BHAT) was a National Heart, Lung and Blood institute- 
multicenter, жаз Шы, double-blind pfacebo-controlled trial conducted in 31 
(plus one in Canada) in 3,837 persons without history of severe congestive heart 
ê of recent heart failure; certain conduction defects; angina since infarction, 
acute phase of myocardial infarction. Propranolo! was administered at 
based on blood levels achieved during an initial trial of 40 mg tid. 
gun 5-21 пу following infarction, was shown to reduce overall 
e longest period of follow-up. This was primarily attributable to a 
ortality The protective effect of INDERAL was consistent 
of infarction. Compared to placebo. total mortality was reduced 
6 t an average follow-up period of 25 months. The Norwegian 
! proi а was administered at 40 то q.i.d. gave overall results 
gt ical trials used ae tid. oraid. соте. clinical, pharmacologic апа 
COK etic jata provide a reasonable basis for concluding that bid. dosing with pro- 
ould be adequate in the treatment óf post-infarction patients. 
L: in the BHAT, patients on INDERAL were prescribed either 180 mg/day (82% of 
O mg/day (18% o! patients). Patients were instructed to take the medication 3 
y at mealtimes, This dosing schedule would result in an overnight dosing interval of 
ats which is similar to the dosing interval for a b.i.d. regimen. In addition. blood 
e drawn at various times and analyzed for propranolol. When the patients were 
to tertiles based on the blood levels observed and the mortality in the upper and 
tiles were compared, there was no evidence that blood levels affected mortality. 
MACOLOGIC: Studies in normal volunteers have shown that a 90 mg b i.d. regimen 
йа blockade at; or above, the minimum for 60 mg t.i.d. dosing for 24 hours even 
nc occurred at two lime intervals. At 10-12 hours after the first dose of the day 
ore beta blockade than b.i.d. dosing; at 20-24 hours the trend of the rela- 
These relationships were similar in direction to those observed for 
{see Pharmacokinetic). 
; A bioavailability study in normal volunteers showed that the blood 
mg/day given b.i.d. are below those provided by the same daily dos- 
hours after the first dose of the day but above those of a Lid. regimen 
r.the blood levels produced by b.i.d. dosing were always equivalent 
m for t.i.d. dosing throughout the 24 hours. In addition. the mean AUC 
the b.i.d. regimen was about 17% greater than for the t.i.d. regimen (1194 


CONTRAINDICATIONS 
$ contraindicated i in 1) cardiogenic shock, 2) sinus bradycardia and greater than 
lock, 3) bronchial asthma, 4) congestive heart failure (see WARNINGS) uniess 
ary to a tachyarrhyihmia treatable with INDERAL 
WARNINGS 
































RE: Sympathetic stimulation may be a vital component supporting circula- 

jatients with congestive heart failure, and its inhibition by beta blockade may 

e şeve faiture. ithough beta blockers should be avoided in overt conges- 

4 Ssary they can be used with close follow-up in patients with a history 
»pensated and are receiving digitalis and diuretics. Beta- 

fits do not abolish the inotropic action of digitalis on heart muscle. 

HOUT A HISTORY OF HEART FAILURE, continued use of beta blockers 

ases, lead to cardiac failure. Therefore, at the first sign or symptom of heart 

ld be digitalized and/or treated with diuretics. and the response 

DERAL shoul id be discontinued (gradually it possible} 

























TH ANGINA PECTORI iS. there have been reports of exacerbation of 

ome cases, myocardial infarction, followin pen te. discontinuance of 
Therefore, when discontinuance of INDERAL is planned the dosage 

educed over at least a few weeks and the patient should be cau- 

ption or cessation of therapy without the physician's advice. Н 

is interrupted and exacerbation of angina occurs, it usually is advis- 

INDERAL therapy and take other measures appropriate for the man- 

ina pectoris. Since coronary artery disease may be 

d. it may be prudent to follow the above advice in patients considered at risk 

cult atherosc e сонс heart disease who аге given ше for other 















Bronchospasm RE 3 chronic bronchitis, ESET PATIENTS WITH 
STIC ee SH ULD IN GENERAL NOT RECEIVE BETA BLOCKERS. 


ON 


` TREATS AND PROTECTS - 


DIDDY 


60 mg 


80 mg 90 mg* 








INDERAL (propranolol hydrochiaride) should be administered with caution since it may block 
bronchodilation produced by endogenous and exogenous catecholamine stimulation of beta 
receptors. 

MAJOR SURGERY. The necessity or desirability of withdrawal of beta-blocking therapy 
prior to major surgery is controversial. It should be noted, however, that the impatred ability of 
the heart to respond to refiex adrenergic stimuli may augment the risks ot general anesthesia 
and surgical procedures. 

INDEBAL, like other beta blockers, is a competitive inhibitor of Deta-receptor agonists and 
its effects can be reversed by administration of such agents, e.g., dobutamine or 50рго- 
terenot. However, such patients may be subject to protracted severe hypotension. Difficulty in 

starting and maintaining the heartbeat has 180 been reported with beta blockers. 

DIABETES AND HYPOGLYCEMIA: Beta-adrenergic blockade may prevent the appear- 
ance of certain premonitory signs and symptoms (pulse rate and pressute changes) of acute 
hypoglycemia in labile insulin-dependent diabetes. In these patients, it may be more difficult 
to adiust the dosage of insulin. | 

THYROTOXICOSIS: Beta blockade тау. mask certain clinical signs of hyperthyroidism. There- 

tore. abrupt withdrawal of propranolol may be fol чеп by an exacerbation of symptoms of 
Be ati including thyroid storm. Propranolol does not distort thyroid function tests. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been 
reported in which, after propranolol, the tachycardia was replaced by a severe bradycardia 
requiring а demand pacemaker In one case this resulted after an initial dose of 5 mg 


propranolol. 

PRECAUTIONS 
General: Propranolol shouid be used with caution in patients with impaired hepatic or renal 
function. INDERAL is not indicated for the treatment of hypertensive emergencies. 

Beta-adrenoreceptor bi ockade can cause tegduction of intraocular pressure. Patients 
should be told that INDERAL: af he glaucoma s screening test. Withdrawal may 
lead to a return of increased i JOU 

Clinical Laboratory Tests: Elevated blood Urea levels in patients with severe heart disease, 

elevated serum transaminase, alkaline phosphatase, lactate бесе 

DRUG INTERACTIONS. Patients receiving catechotamine-depleting drugs such as reser- 
pine should be closely observed if INDERAL is administered: The added catecholamine- 
blocking action may produce ап excessive reduction of resting sympathetic nervous activity 
which may result in hypotension, marked bradycardia, vertigo. : syncopai attacks, or ortho- 
static hypotension. 

Carcinogenesis, Mutagenesis: Impairment of Fertility: Long-term studies in animals have 
been conducted to evaluate toxic effects and carcinogenic potential. in 18-month studies in 
Doth rals and mice, employing doses up to 150 mg/«g/ dew there was no evidence of signifi- 
cant drug-induced toxicity There were no drug-related tumorigenic effects at any of the dos- 
age levels. Reproductive studies in animals did not show any impairment of fertility that was 
attnbutabie to the drug. 

Pregnancy: Pregnancy Category C. INDERAL has been shown to be embryotoxic in animal 
studies at doses about 10 times greater than the maximum recommended human dose. 

There are no adequate and well-controlled studies in pregnant women. INDERAL should 
be used during pregnancy only i the potential benefit justifies the potential risk to the fetus. 

Nursing Mothers: INDERAL is excreted in human milk Caution should be exercised when 
INDERAL is administered toa nursing woman. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 
Most adverse effects have been mi id. and Mansient and have rareiy required the withdrawal of 
therapy 

Cardiovascular: bradycardia: congestive heart fai lure: intensification of AY block: е: - 
sion; paresthesia of hands; thrombocytopenic purpura; arterial insuffici iency usually of the 
Raynaud type. 

Central Nervous System: Lightheadednese: mental depression manifested by insomnia, 
iassitude. weakness, fatigue; reversibie mental depression progressing to catatonia; visual 
disturbances, hallucinations, an acute reversible syndrome characterized by disorientation 
for ume and place, short-term-memary: loss, emotional lability, slight y Clouded sensorium, 
and decreased performance. on neurGpsychometrics. 

Gastrointestinal: nausea, , @pigastnc distress. abdominal cramping. diarrhea, 
рле; mesenteric ar trombosis. ischemic colitis. - 

Allergic: pharyngitis and agranulocytosis. erythematous rash, fever combined with aching 
and sore throat. laryngospasm. and respiratory distress a р 

Respiratory: bronchospasm. - | | 

Hematolagic: agranulocytosis, non ihrombocytape uc purpura, thrombocytopenic 
purpura. 

Auto-Immunsa: In extremely rare instances, syste emic lupus erythematosus has been 
reported. 

Miscellaneous: alopecia, LE- 
tence. and Peyronie s diseaseh 





















lie reactions, psoriasiformi rashes, dry eyes, male mTpo- 
e been reported rarely Oculomucocutaneous reactions. 
involving the skin, serous membrarnes and conjunctivae reported for a beta blocker (practo- 
iol} have not been associated with ргоргапою!. 

*The appearance ol t INDERAL table а 1515 a registered trademark of Ayerst Laboratories. 
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` CONGENITAL HEART DISEASE 


` Echocardiographic Diagnosis, Classi icatic 
= and Surgical — | à 


ICE, MD, JAMES B. SEWARD, MD, WILLIAM D. . EDWARDS 
LER, MD, GORDON К. DANIELSON, MD, FRANCISCO. od : 
and A. JAMIL TAJIK, MD | 






(91%), the diagnosis and the dear 
(type A, B or C) were. манен id 





‘subclassifying the anatomic 
addling and overriding atrioventric- 
> ular (А by 2-dimensional echocardiographic 
с observation were evaluated. Chordae straddling into 
. a contralateral ventricle were subdivided into type complete ойнады (23 % » cor 
` А (chordae inserting into the contralateral ventricle sition (1996), double-inlet ventricle ( 
‘near the crest of the ventricular septum), type B complex defects (876). Twenty-two patie 
(chordae inserting along the contralateral ventricular had right-sided veru 21 bee 
septum) and type C (chordae inserting into the free 
wall or papillary muscles of the contralateral ven- 
` tricle). Overriding AV valve anulus was described 
as minor («5096 of the anulus committed to the 
contralateral ventricle), major (about 5096 of the 
-anulus committed to each ventricle), and double- 
inlet ventricle (овоне of both AV valves committed 






































examination may be Y vale mala 
assessment of patients. with com | 


heart disease. 
(Am J Cardiol 1985; 55: - 














congenital heart defects. No other imaging 
permits as accurate visualization of the atriove: 
(AV) valve leaflets and their support appa 
presence and degree of AV valve straddlin : 
biventricular commitment of the AV chordae 
recognized confidently by use of 2- D echoc 
phy.*-9 We report 56 patients in whom a st 
oi ; valve was diagnosed by echocardiography 8 
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FIGURE 1. Two-dimensional echocardiographic classification of 
straddling atrioventricular valve. Straddling left atrioventricular valve 
is shown. In type A, the chordae insert into contralateral ventricle near 
crest of ventricular septum; in type B, the chordae insert into con- 
tralateral ventricle along ventricular septum; and in type C, the chordae 
insert onto free wall or papillary muscles of contralateral ventricle. 





FIGURE 2. Systolic (A) and diastolic (B) echocardiographic frames of 
type A straddling (morphologic mitral) left atrioventricular valve. With 
diastole, septal portion of mitral valve inserts into contralateral ventricle 
near crest of ventricular septum (VS) (large arrow). There is associated 
minor overriding of left atrioventricular valve anulus. Small arrows in- 
dicate atrial septum. L = left atrioventricular valve; LA = left atrium: 
LV = left ventricle; PV = pulmonary vein; R = right atrioventricular 
valve; RA = right atrium; RV = right ventricle. Orientation: S = superior; 
L = left; | = inferior; R = right. C, pathologic specimen illustrating type 
A (large arrow) and type B (small arrows) straddling of left and right 
ventricular valves (LAVV and RAVV), respectively. With type A 
straddling left atrioventricular valve, chordae insert onto small papillary 
muscle within contralateral right ventricle (RV) near the crest of the 
ventricular septum (VS) (large arrow). Type B straddling right atrio- 
ventricular valve had chordal insertions along the ventricular septum 
deep into contralateral left ventricle (LV). 
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Definitions 


The terms “straddling” and “overriding” have been used 
to describe AV valve malalignment. Often, these terms have 
been used interchangeably to describe chordal insertions into 
both ventricular cavities or malalignment of the AV valve 
anulus over the ventricular septum.*^7 We have reported the 
usefulness of separating these 2 anatomic variables by 2-D 
echocardiographic observations.! 

No straddling: AV valve chordae are totally committed to 
their respective ventricles. (The tricuspid valve normally has 
chordal insertions onto the upper ventricular septum [papil- 
lary muscle of conus].) Even in the presence of a large ven- 
tricular septal defect, the chordae do not cross the midline of 
the ventricular septum into the contralateral ventricle. 

Straddling (Fig. 1): The AV valve chordae insert into 2 
ventricular chambers. А spectrum of anatomic severity is 
based on different chordal insertions into the contralateral 
ventricle. 

Type A (Fig. 2): Chordae insert into the contralateral 
ventricle near the crest of the ventricular septum within a few 
millimeters of the apparent septal midline. 

Type B (Fig. 3): Chordae insert into the contralateral 
ventricle along the ventricular septum distant from the septal 
midline. 

Type C (Fig. 4): Chordae insert onto the free wall or pa- 
pillary muscles of the contralateral ventricle. 

Straddling of an AV valve is discussed as an independent 
anatomic variable and, as such, may exist with other con- 
genital anomalies, including overriding AV valve. Double-inlet 
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ventricle with straddling AV valve (Fig. 5) is a unique subset: 
2 AV valve anuli are committed to 1 ventricle, and the chordae 
from 1 or both valves insert variably into a second hypoplastic 
accessory ventricular chamber. Because the surgical impli- 
cations are not known and the delineation of specific sites of 
chordal insertion into the small rudimentary chamber is dif- 
ficult, we did not subtype the various patterns of chordal in- 
sertions in the presence of double-inlet ventricle. 

No overriding: The atrial and ventricular septa are aligned 
normally, and each AV valve anulus is totally committed to 
its respective morphologic ventricle. Normally, the atrial 
septum is displaced only slightly to the left of the ventricular 
septum in the vertical plane.? 

Overriding (Fig. 5): Overriding is biventricular commit- 
ment of an AV valve anulus. Although often associated with 
straddling of the chordal apparatus, overriding is best con- 
sidered an independent feature. Moreover, the degree of an- 
ular commitment to the contralateral ventricle can be 
graded. 

Minor overriding: Less than 5096 of the anulus is committed 
to the contralateral ventricle. 

Major overriding: Approximately 50% of the anulus is 
committed to each ventricle. 

Double-inlet ventricle: More than 5096 of both AV valves 
is committed to a single ventricular chamber (Fig. 5). In gen- 
eral, the echocardiographic distinction between a double-inlet 

ventricle (75046 overriding) and other forms of AV connection 
` associated with minor or major overriding (that is, X 5096) is 
not difficult. Double-inlet ventricle is, in most cases, charac- 
terized by more extreme (75% or more) commitment of the 
anulus to a dominant ventricular chamber and by vary- 
ing degrees of hypoplasia of the nondominant ventricle 
(Fig. 6). 





Methods 


We reviewed the histories of 95 patients in whom a diagnosi 
of straddling AV valve had been made by 2-D echocardiog 
raphy, surgery or pathologic examination between June 197 
and May 1983 (6 years). In 85 of the these patients, a 2-I 
echocardiogram was available for review. The 85 echocardi 
ograms were reviewed without knowledge of surgical o 
pathologic findings. In 56 of these 85 patients (66%), surgica 
(49 patients) or pathologic (25 patients) correlation (or both 
was available, and these patients constitute the primary stud: 
group. Seventy-one patients underwent operation; however 
in 22 (31%), the straddling valve was not visualized or de 
scribed adequately to allow anatomic correlation. The dis 
tribution of the type of straddling and the associated cardia: 
defects did not differ significantly between the total group o 
95 patients and the patients with 2-D echocardiographic an 
atomic correlation. Angiography and M-mode echocardiog 
raphy were considered inadequate for the confirmation of thi 
spectrum of straddling AV valve.49-13 

The complete 2-D echocardiographic examination was re 
viewed in each patient and was assessed for the presence anc 
type of chordal insertion and the alignment of the AV valvi 
anulus to the ventricular septum. 

Because of the complexity of the cardiac defects, stan 
dardized transducer positions were not always possible 
However, the best views for recognizing abnormal chorda 
insertions or malalignment of the AV valve to the ventriculai 
septum were the 4-chamber views (Fig. 2, 3 and 4). Scannin; 
and tilting maneuvers of the transducer, to obtain the bes 
visualization of septa and the AV anuli, were usually required 
Short-axis scans were used to determine papillary muscle 
position and the relation of the AV valve orifice to the plane 


FIGURE 3. A and B, echocardiogram and corresponding illustration of 
type B straddling of left atrioventricular valve. Chordae (small arrows) 
insert onto papillary muscle along ventricular septum (VS) (large arrow) 
distant from septal midline within contralateral ventricle. LA = left 
atrium; LV = left ventricle; RA = right atrium; RV = right ventricle. 
Orientation: S — superior; L — left; | — inferior; R — right. C, pathologic 
specimen with type B straddling of right atrioventricular valve (RAVV). 
Chordae from the RAVV insert along ventricular septum (VS) (arrow) 
within contralateral left ventricle (LV). LAVV = left atrioventricular valve; 
RV = right ventricle. (Panel A reproduced by permission of the Mayo 
Foundation.) 
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FIGURE 4. Systolic (A) and diastolic (B) 2-dimensional echocardio- 
graphic frames of type C straddling right atrioventricular valve. In 
diastole, leading edges of right atrioventricular valve (arrows) and left 
atrioventricular valve (arrows) are visualized. Septal leaflet of right 
atrioventricular valve is markedly displaced into contralateral ventricle 
(LV) and inserts into free wall. There is associated major overriding of 
right atrioventricular valve anulus. LA = left atrium; LV = left ventricle; 
RA = right atrium; RV = right ventricle; VS = ventricular septum. Or- 
ientation; S = superior; L = left; | = inferior; R = right. C, pathologic 
specimen with ventricular inversion illustrating type C straddling left 
(morphologic tricuspid) atrioventricular valve. Major insertions of 
atrioventricular valve leaflets are visualized (arrows), 1 into the right 
ventricle (RV) and “septal” leaflet into the contralateral left ventricle 
(LV). The anulus of atrioventricular valve overrides the ventricular 
septum (VS). LA = left atrium; RA = right atrium. 





FIGURE 5. Left, double-inlet ventricle with left atrio- 
ventricular valve (for example, 2 atrioventricular valve 
anuli are committed to 1 ventricle, and chordae from 1 
or both atrioventricular valves insert variably into an ac- 
cessory hypoplastic chamber). Right, overriding atrio- 
ventricular valve implying biventricular commitment of 
the atrioventricular valve anulus. Less than 5096 com- 
mitment of anulus to contralateral ventricle is arbitrarily 
designated as minor overriding. Major overriding is de- 
fined as approximately equal commitment of atrioven- 
tricular valve anulus to each ventricle. Double-inlet 
ventricle denotes greater than 5096 commitment of both 
atrioventricular valves to single ventricular chamber. 


—— XX 
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of the ventricular septum (Fig. 7). However, chordal insertions 
were consistently more confidently visualized with 4-chamber 
planes of section. 


Results 


Surgical and pathologic correlation: There was 
anatomic (surgical or pathologic) correlation in 56 pa- 
tients; it included 66 suspected straddling AV valves 
determined by 2-D echocardiography. 

Diagnosis: Five echocardiographic false-positive 
diagnoses were made (straddling was not found by di- 
rect inspection at surgery or autopsy). In 3 patients with 
double-inlet ventricle, redundant valve tissue was 
misinterpreted as straddling into an accessory outflow 
chamber. In 1 patient with a hypoplastic left ventricle, 
redundant valve tissue from a hypoplastic left AV valve 
was misinterpreted as straddling into the larger right 
ventricular chamber. One patient was thought to have 
bilateral straddling valves (type B, right, and type A, 
left). On direct inspection at operation, only the right 
(type B) AV valve straddled. In all these patients, 4 with 
hypoplastic ventricle and 1 with straddling of a second 
AV valve, misinterpretation did not have an appreciable 
surgical implication. 
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Degree of straddling: In only 1 patient was the degree 
of straddling misinterpreted. In a patient with corrected 
transposition of the great arteries and bilateral 
straddling AV valves, a right-sided valve was inter- 
preted as type B by echocardiography, but on direct 
inspection was found to have type A straddling. In the 
same patient, a type A straddling left AV valve was 
correctly identified. Thus, in 60 of 66 valves (91%), both 
the diagnosis and the degree of straddling AV valve were 
correctly identified. In 6 patients in whom diagnosis or 
degree was misinterpreted, either a hypoplastic ven- 
tricle or bilateral straddling AV valves were present. 

Major cardiac defect: All 52 patients with anatomic 
confirmation had complex congenital heart disease. In 
addition to the ventricular septal defect, the major 
cardiac lesion was double-outlet right ventricle in 16 
(31%), complete transposition in 12 (23%), corrected 





FIGURE 6. Double-inlet ventricle with straddling atrioventricular valve. 
A, anterior leaflet of right atrioventricular valve inserts into an accessory 
hypoplastic outflow chamber (OC) (large arrow). Most portions of right 
(R) and left (L) atrioventricular valves insert into main ventricular 
chamber (MVC). The left atrioventricular valve was congenitally stenotic 
(multiple arrows). Parasternal long-axis view. LA = left atrium; PW = 
posterior wall; RA = right atrium; VS = ventricular septum. B (different 
patient), major portions of right atrioventricular valve chordae insert 
into a hypoplastic accessory outflow chamber (OC) (arrow). Most of 
the right (R) and left (L) atrioventricular valve orifices insert into a single 
main ventricular chamber (MVC) (that is, double-inlet ventricle ). Apical 
4-chamber view. Orientation: S = superior; L = left; | = inferior; R = 
right. C, pathologic specimen (different patient) of double-inlet ventricle 
and straddling right atrioventricular valve (RAVV). A portion of the RAVV 
support apparatus (arrow) inserts into an accessory hypoplastic outflow 
chamber (OC). Major portions of support apparatus and orifice of right 
and left atrioventricular valves insert into single main ventricular 
chamber (MVC). 
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FIGURE 7. Short-axis scan of straddling left atrioventricular valve in 


—. patient with double-inlet ventricle. A, left (L) and right (В) atrioventricular 


. valve orifices are visualized in short-axis view. Outflow chamber (OC) 
and portion of the ventricular septum (VS) are visualized. B, with inferior 
scanning, clear visualization of biventricular commitment of left 
atrioventricular valve support apparatus and papillary muscles is ap- 
preciated (arrows). Atrioventricular valve orifice commitment was best 
delineated by 4-chamber planes of section and was determined to be 
most consistent with double-inlet ventricle (major commitment [>50 % ] 
of left atrioventricular valve orifice to single main ventricular chamber 
[MVC]). Orientation: A = anterior; L = left; P = posterior; В = right. 


transposition in 10 (1995), double-inlet ventricle in 10 
(19%) and other complex defects in 4 (8%). There were 
high incidences of pulmonary stenosis and atresia (71%) 
and atrial septal defect (3690). Of 3 patients with dex- 
trocardia, 2 had visceral situs inversus (1 with double- 
outlet right ventricle and the other with mitral atresia), 
and 1 patient had visceral situs solitus and tetralogy of 
Fallot. Of 5 patients with criss-cross AV relations, 3 had 
complete transposition and 2 had double-outlet right 
ventricle. 

Two-dimensional echocardiogram: Sixty-one 
straddling AV valves were found in the 52 patients in 
whom anatomic confirmation was available (Table I). 


TABLE! Есһосагаіодгарћіс Spectrum 


n 96 

Straddling valve (56 patients) 
Right 22 42 
Left 21 40 
Bilateral 9 17 

Anatomic severity (61 valves) 
Type A 27 44 
Type B 13 21 
Type C 11 18 
Double-inlet ventricle 10 16 


Twenty-two patients (42%) had right-sided straddling, 
21 (40%) had left-sided straddling, and 9 (17%) had 
straddling of both AV valves. Twenty-seven of the 61 
valves (44%) were classified by 2-D echocardiography 
to be type A, 13 (21%) type B, and 11 (18%) type C 
straddling, and 10 (16%) were in patients with double- 
inlet ventricle with straddling AV valve (Table I). 

Spectrum and distribution of straddling atrio- 
ventricular valve according to major cardiac de- 
fect: Sixteen patients had double-outlet right ventricle, 
5 of whom had bilateral straddling AV valves (Table II). 
Seven of these 16 patients had a subpulmonary ven- 
tricular septal defect. Four patients had straddling 
tricuspid valve, 1 patient straddling mitral valve and 2 
patients bilateral straddling. 

Among patients with double-outlet right ventricle 
and double-inlet ventricle, the incidences of right- and 
left-sided straddling AV valve were nearly equal. Con- 
versely, in corrected transposition, 9 of 12 straddling 
valves were left-sided morphologic tricuspid valves, and 
in complete transposition and the 4 remaining complex 
lesions, 12 of 18 (67%) were right-sided straddling 
morphologic tricuspid valves (Table II). Of all valves, 
22 (48%) of 51 were straddling morphologic mitral 
valves, whereas 29 of 51 (57%) were straddling mor- 
phologic tricuspid valves (‘Table III). 

Overriding of atrioventricular valve orifice: 
Straddling of the AV valve is almost always associated 
with malalignment of the ventricular and atrial septa, 
that is, overriding AV valve. Only 2 straddling AV valves 
(4%) had no associated overriding, and both were type 
A. Of the 27 valves with minor straddling (type A), 6 
(22%) had major overriding, 19 (70%) had minor over- 
riding, and 2 (7%) had no overriding (Table IV). Of the 
13 type B straddling valves, 10 had minor and 3 had 
major overriding. Of the 11 valves with type C strad- 
dling, only 3 had minor overriding, whereas 8 (73%) had 
major overriding (Table IV). Minor overriding tended 
to be associated with type A or type B straddling (31 of 
40 valves [78%]), and major overriding tended to be 
associated with type C straddling (8 of 11). 

Surgical implications (Table V): We reviewed the 
impact of straddling AV valve on the surgical procedure. 
Among the 52 patients with anatomic correlation, 
straddling AV valve was confirmed by surgery in 49 (3 
patients had autopsy correlation). Type C straddling 
AV valve was confirmed in 3 patients (6%), and further 
surgical repair was postponed. 

Five patients (10%) had AV valve replacement (1 type 
A, 2 type B and 2 type C). 
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raphy (93%). Three defects invol 
and each was identified by echo 
were 5 defects of the trabecula 
Two of these were large, isolated 
clearly visualized by echocardiogr 
defects of the trabecular septum we 
echocardiography... Я 

Atrial septal defect: Atrial er 
nosed by catheterization in 26 pat 
the defect was of the ostium secun 
detected by echocardiography i in. 17 
tium primum defects was diagnosed 
raphy, but the 1 sinus venous defect 
was one false-positive diagnosis 0 
septal defect. 

Transposition of the great arterie 
patients with transposition of the { 
case was correctly predicted and tk 
positive. 

Total anomalous pulmonary репо 
Total anomalous pulmonary venous 
present in 13 patients. Eight patients had i 
anomalous pulmonary venous connectic 
of these the diagnosis was correctly 
echocardiography. In 6 of these patier 
pulmonary venous connection was cor! 
by echocardiography; in 2 patients w 
nary venous connections, drainage of 1 
to the left innominate vein was misse 
ography. In 6 patients, total anon 3] 
nous connection occurred in ass ociatic 
cardiac anomalies (asplenia syndrome and 
tricular canal and transposition of the gre at 
5 patients and pulmonary atresia and ventric 
defect in 1 patient). The abnormal pulmon 
connection was identified by echocardiogra 
these patients and was undetected in one o! 
with atrioventricular canal and transposi: 

Pulmonary valve stenosis: Of the 6 mos 
abnormalities, pulmonary valve stenosis \ 
difficult to predict with accuracy by 2-D ec 
raphy. Twenty-five cases were detected. 
ization, 19 of which had been recognized b 
ography (76%). The peak systolic pressur 
the 6 cases missed by echocardiography rang 
to T 0 mm Med Five e of he 6 patients had ass ^ 
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С ude ventricular septal defects occurring as part of atrioventricular canal or tetralogy 0 of Fallot. ; 


terization; echo = жарга apt: 


lac 'abliofinalities. Four false-positive diagnoses 
monary valve stenosis were made. 

uent abnormalities: Several less common 

ities were present in the 126 patients in the 

roup. In addition to the expected high rate of 

| of major intracardiac abnormalities such as 

ular canal (10 of 10 patients), tetralogy of 

-10 patients), and. single ventricle (4 of 4 

inest in imaging was useful 


їй nt | es ie o of the не вертепі оѓ 
Or vena cava with л asygos continuation (2 of 


mining whether cardiovascular. surgery. was. indicated a 
in 2 patients: a 3-year-old with unilateral. pulmo-. . 
nary vein atresia (missed by echocardiography) and 
infant with cyanosis who h id respiratory dises 1s 
positive diagnosis of pulmonary stenosis by : echi 
cardiography). = | | 

10 31 pon the differences bet епі the echoca 


- - E stenosis 6 | pat 









; en | 

tient w with i total anomalous pulmonary venous 
ection (5 patients). | 

alysis of errors: Of the 32 cases of a missed di- 
sis (false negative) by echocardiography, 17 were 
rmed by pediatric cardiologists and 15 were per- 
med by fellows or technicians (Table II). Because 
3% of all studies were performed by 1 of the pediatric 
ardiologists, a higher percentage of errors occurred in 
ases in which the cardiologist reviewed videotapes of 
studies performed by fellows or technicians. Of the 32 
false-negative results, 15 could have been avoided if 
either the original echocardiogram had been correctly 
interpreted (10 cases) or a more thorough examination 
performed (5 cases). In 9 cases, the lesion could not be 
monstrated on repeat examination, even with 
ledge of its existence; these errors were believed 
'esult from inherent limitations of echocardiography. 
cases, a repeat examination was not performed and 
source of the error could not be determined. 

! ach of the 8 false- postive diagnoses was in a study 
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h ique in ен children with ا‎ con- 
ital heart disease: The present study describes our 
rience in а consecutive series of infants and children 
ut to undergo cardiac catheterization. The study 
cates the technically satisfactory echocardiograms 
be obtained in most pediatric patients. Of the 128 
hildren studied, 126 were believed to have studies ad- 
equate for evaluation. In comparison, Bansal et al? ob- 
ined. parasternal long-axis, short-axis, apical and 
iphoid i images in 75% of adults. 
1 important aspect of the present study has been 
xtracardiac anomalies, that is, those 
ОЁ ic and pulmonary veins and those of 
t aortic arch. Although the major intracardiac ab- 
“normalities often can be correctly diagnosed by clinical 
eatures, chest roentgenography and electrocardiogra- 
һу, extracardiac abnormalities аге more difficult to 
'écognize and their potential presence is often cited as 
reason to perform cardiac catheterization prior to 
rdiac operation. The present study indicates that by 
ga systematic, segmental evaluation from multiple 
ging sites, móst of these lesions may be detected by 
chocardiography. _ 
f the individual lesions, patent ductus arteriosus was 
most $ com ion in the present study. Detection of 
| echocardiography has been previously 
as relatively easy in patients with 




















































TABLE I " Errors in n Diagnos s 





SUS: Detection of patent ductus 








by Two-Dimensional Echocardi 
Patients · 7 


Personnel performing study 6 T N 
Pediatric cardiologist (n = 96) Tow T E 


Technician or postdoctoral 15*: 
fellow (n = 30) | 97 xus 
Cause of error | ko 
Recorded data overlooked or. . H0 
misinterpreted | x an 
Data not recorded E a 
Technical limitation of i imaging TB, 
Undetermined 









in the presence of other cardiac abnorma 
difficult, especially in the presence of 
arch or pulmonary artery anatomy. B 
alone, we detected 27 of 34 (79%) cases 
occurring in association with other cardic 
normalities. In this lesion, the additi 
echocardiography“ undoubtedly would. 
the detection rate. Е 
The high rate of detection of geat ieda. ; 
is in accord with previous prospectiv 
lesion.?-!! Defects of the perimembrai 
portions of the septum were diagnosed wit 
rate of sensitivity and specificity. Likewise 
in the apical or trabecular portion of th 
detected, but 2 small apical lesions we 
latter occurred in association with othe 
normalities; thus, their hemodynamic 
difficult to assess. 
Detection of pulmonary valve stenosis 
tive assessment of leaflet thickness, leaflet m 
anulus size was relatively difficult, des; 
reports that the diagnosis can be made bı 
cardiography.!? The rate of detection (779% 
lowest among the common lesions, and + 
false-positive diagnoses. This is another le 
Doppler echocardiography is useful i in both 
and prediction of severity.!1?!* . 
The diagnosis of total anomalous pulimon r 
connection, and its exclusion in infants with r 
disease, has been a difficult clinical proh 
neonatologists and pediatric cardiologists. Duri 
course of the present study, total anomalous pt lr 
venous connection was correctly diagnosed in € 
8 infants in whom this was the only cardiac de: 
each, the finding of enlargement of the right ati 
right ventricle and relative hypoplasia of the le: 
and left ventricle led to a careful search for t 
pulmonary venous return and the anomalous 
tion was demonstrated. Total anomalous І 
venous connection was more difficult to diagnos 
it occurred in association with other cardiac : 
The presence of total anomalous pulmon: 
connection in each of 5 infants with the asi 
drome emphasizes the teed for a high degre 
cion for its presence i in infants with the combi : 
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uch as pulmonary artery pressure 
catheterization was a therapeutic 
ents who had balloon atrial sep- 

who had transcatheter closure of 








1 le cot ie ett the present study, 30 other 
ir derwent. cardiovascular operations based on 
nd echocardiographic findings, without prior 
ization or angiography. The data from the 
study have helped to determine which lesions 
confidently diagnosed or excluded by 2-D 
graphy and which require confirmation by 
С ardiography or cardiac catheterization 
. Pulmonary valve stenosis and patent 
are the 2 lesions most likely to be 
mu trasound studies relying solely on 2-D 


graphy. 
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Heart failure makes 
life more difficult 
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ACE* INHIBITOR 


CAPOTEN 
(captopril tablets) 








Can make the 
difference between 
merely existing 
and actively living 





With the availability of CAPOTEN, heart failuret patients can enjoy an enhanced quality 
of life. Because, in patients who require more than digitalis and diuretics, CAPOTEN can _ 
improve their hemodynamic profile’ and provide an opportunity to feel better. 


e Eases principal heart failure symptoms' œ Increases patients capacity for exercise, 


e Restores patients’ sense of well-being’ allowing them to participate more fully in 
the physical activities of everyday life 


tCAPOTEN is indicated in patients with heart failure who have not responded adequately to or cannot 
be controlled by conventional diuretic and digitalis therapy. CAPOTEN is to be used with diuretics 
and digitalis. 


*Angiotensin Converting Enzyme 


Please see brief summary of prescribing information on last pages of this advertisement. 








CAPOTEN 
Your First Choice After Digitalis and Diureti 
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ACE*INHIBITOR ; 


 CAPOTEN 
(captopril tablets) 


CAPOTEN has been associated with the development of neutropenia/agranulocytosis (0.396 of 
_ 4,000 patients) or proteinuria (1.2% of 4,000 patients)! These serious side effects are more likely 
.. to occur in patients with predisposing conditions, such as renal impairment or autoimmune 

. disease, or in patients receiving therapy known to suppress the autoimmune response. 


The following precautionary guidelines are recommended for all patients receiving CAPOTEN: 


e Obtain urinary protein level estimates prior to initiating therapy, at monthly intervals for the first 
nine months of treatment, and periodically thereafter. 


kt * Obtain WBC counts at the initiation of therapy, at two-week intervals for the first three months 
| oftreatment, and periodically thereafter. 


| © Carefully review the WARNINGS and ADVERSE REACTIONS sections in the complete prescrib- 
__ ing information, with particular attention to the patient at increased risk. 


я “e The most frequently occurring adverse reactions are skin rash and taste alteration; both 
. effects are generally mild, reversible, or self-limited. 








7 *Angiotensin Converting Enzyme 


К Please see brief summary of prescribing information on last pages of this advertisement for INDICATIONS AND USAGE, 
— WARNINGS, and ADVERSE REACTIONS. 


Reference: 1. Data on file, Squibb Institute for Medical Research. 


| CAPOTEN® TABLETS 


Captopril Tablets 


— INDICATIONS: Hypertension — Because serious adverse effects have been 


reported (see WARNINGS). CAPOTEN is indicated for treatment of hyper- 
tensive patients who on multidrug regimens have either failed to respond 


. Satisfactorily or developed unacceptable side effects. 


Heart Failure: CAPOTEN (captopril) is indicated in patients with heart failure 


i _ who have not responded adequately to or cannot be controlled by conventional 


diuretic and digitalis therapy. CAPOTEN is to be used with diuretics and 
digitalis. 


— WARNINGS: Proteinuria — Total urinary proteins >1 g/day were seen in 


1.2% of patients on captopril; the nephrotic syndrome occurred in about “th 


. of these cases. About 60% of affected patients had evidence of prior renal 


disease; the remainder had no known renal dysfunction. In most cases, 


patients at particular risk (as noted above), perform white blood cell and 


captopril should be told to report any signs of infection (e.g., sore throat; fever); 
if infection is suspected, perform counts without delay. Since discontinuation 
of captopril and other drugs has generally led to prompt return of the white 
count to normal, upon confirmation of neutropenia (neutrophil count 
«1000/mm?) withdraw captopril and closely follow the patient's course. 
Hypotension — Excessive hypotension was rarely seen in hypertensive 
patients but is a possibility in severely saltvolume-depleted persons such as 
those treated vigorously with diuretics (see PRECAUTIONS [Drug Interactions ]). 
In heart failure, where blood pressure was either normal or low, transient 
decreases in blood pressure >20% were recorded in about '/ the patients. 
This transient hypotension may occur after any of the first several doses and is 
usually well tolerated, although rarely it has been associated with arrhythmia or 


or dialysis. This possibility can be minimized by either discontinuing the diuretic 


proteinuria subsided or cleared within 6 months whether or not captopril was conduction defects. A starting dose of 6.25 or 12.5 mg tid may minimize the 
Continued. The BUN and creatinine were seldom altered in proteinuric patients. hypotensive effect. Patients should be followed closely for the first 2 weeks of 
Y Membranous glomerulopathy was found in nearly all the proteinuric patients treatment and whenever the dose of captopril and/or diuretic is increased. 
on captopril who were biopsied and may be drug related. Most cases of pro- BECAUSE OF THE POTENTIAL FALL IN BLOOD PRESSURE IN THESE 
` teinuria occurred by the 8th month of therapy. Patients should have urinary PATIENTS, THERAPY SHOULD BE STARTED UNDER VERY CLOSE 
|. protein estimates (dip-stick on 1st morning urine, or quantitative 24-hr urine — MEDICAL SUPERVISION. 
Ы _ the latter provides greater precision when proteinuria is persistent and/or at PRECAUTION: General: /mpaired Renal Function, Hypertension — Some 
__ low levels) before therapy, at approx. monthly intervals for the 1st 9 months of hypertensive patients with renal disease, particularly those with severe renal 
Ў therapy, and periodically thereafter. For patients who develop proteinuria artery stenosis, have developed increases in BUN and serum creatinine. It may 
| 1 g/day, or increasing proteinuria, the benefits and risks of continuing be necessary to reduce captopril dosage and/or discontinue diuretic. For some 
= Captopril should be evaluated. of these patients, normalization of blood pressure and maintenance of 
| Neutropenia/Agranulocytosis — Neutropenia («300/mm?) associated adequate renal perfusion may not be possible. Heart Failure — About 20% of 
with myeloid hypoplasia (probably drug related) occurred in about 0.3% of patients develop stable elevations of BUN and serum creatinine >20% above 
captopril treated patients. About half of the neutropenic patients developed normal or baseline upon long-term treatment. Less than 5% of patients, 
— Systemic or oral cavity infections or other features of agranulocytosis. Most of generally with severe preexisting renal disease, required discontinuation due 
| the neutropenic patients had severe hypertension and renal function impair- to progressively increasing creatinine. See DOSAGE AND ADMINISTRATION, 
—.. ment; about half had systemic lupus erythematosus (SLE), or another autoim- ADVERSE REACTIONS [Altered Laboratory Findings]. Valvular Stenosis — A 
mune/collagen disorder; multiple concomitant drug therapy was common, theoretical concern, for risk of decreased coronary perfusion, has been noted 
including immunosuppressive therapy in a few cases. Daily doses of captopril regarding vasodilator treatment in patients with aortic stenosis, due to 
in the leukopenic patients were relatively high, particularly in view of their decreased afterload reduction. 
diminished renal function. The neutropenia appeared 3 to 12 weeks after Surgery/Anesthesia — |f hypotension occurs during major surgery or 
starting captopril; it developed relatively Slowly, taking 10 to 30 days to have anesthesia, and is considered due to the effects of captopril, it is correctable by 
white blood count fall to its nadir; neutrophils returned to normal in about 2 volume expansion. 
weeks (other than 2 patients who died of sepsis). Drug Interactions: Hypotension: Patients on Diuretic Therapy — Precipitous 
Use captopril with caution in patients with impaired renal function, reduction of blood pressure may occasionally occur within the 1st 3 hours after 
` Serious autoimmune disease (particularly SLE), or who are exposed to administration of the initial captopril dose in patients on diuretics, especially 
Ё, other drugs known to affect the white cells or immune response. In those recently placed on diuretics and those on severe dietary salt restriction 


differential counts prior to therapy, at about 2-week intervals for about the 
1st 3 months of therapy, and periodically thereafter. 

The risk of neutropenia in patients who are less seriously ill or who receive 
lower dosages appears to be smaller. In these patients white blood cell counts 


. Should be performed every 2 weeks for the 1st 3 months of therapy, and 


periodically thereafter. Perform differential counts when leukocytes are 
«4000/mm? or the pretherapy white count is halved. All patients treated with 


or increasing the salt intake about 1 week prior to initiation of captopril therapy. 
Alternatively, provide medical supervision for at least 3 hours after the initial 
dose in hypertensive patients. 
Agents Having Vasodilator Activity: In heart failure patients vasodilators 
should be administered with caution. 
Agents Causing Renin Release — Captopril's effect will be augmented by 
524-521 (Continued on next page.) 


ga in regnancy: there are © ош and well-controlled studies in 
j ate 0 ng segn were observed in rabbits. Theretore, 


although нф is limited experience with. use ot cap! opril in children from 2 
to 15: ears of age. ED. on a weight basis, was comparable to that 


id Pruritus, without rash, in 
9 pemphigoid- dike lesion, and 


jy adr also been reported Ang 
dieci mouth, ог. of е extremities in about 1 of 100 patients — 


х PRE a н Ша. в, chest pain, and 
и 1 of 100. нна Апдїпа pectoris, myocardial 


E se (2: 
g. diarrea, anorexia, “constipation, pud ulcers, peptic ulcer, dizzi- 
headache, malaise, еше. Insomnia; О mouth, dyspnea, and pares- 
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Pre- and Postoperative Electrophysiologic Assessn 
à of Children with Secundum Atrial Septal Defect 


PETER P. KARPAWICH, MD, JOSE R. ANTILLON, MD, PAUL R. CAPPOLA, Bs 
| and KISHAN С. AGARWAL, MD | 


Sinus 0009 (5н) and atrioventricular node (AVN) 
unction after repair of atrial septal defect (ASD) 

be caused by inherent nodal abnormalities and 

not related to altered hemodynamics. To assess the 
operative prevalence and postoperative per- 
sistence of nodal dysfunction, 21 consecutive chil- 
mean age 5.4 years, underwent electrophys- 

ic evaluations before ASD repair. Preoperative 
ecovery time was prolonged in 11 patients and 

is associated with abnormal AVN response to 
pid atrial pacing in 5. There were no significant 
'ences in age, hemodynamic values or shunt 
etween children with normal and those with 
abnorm al nodal function. Atrial and AVN refractory 
iod were normal. The ASD was repaired in 9 


ent preoperative electrophysiologic studies in 
hildren with secundum atrial septal defects (ASD) 
ave shown inherent dysfunction of the sinus node (SN) 
atrioventricular node (AVN).!? The magnitude of 
left-to-right shunt, combined with age, has been 
ported to account for a 57% occurrence of dysrhyth- 
n adults who have not undergone operation. 
kewise, dysrhythmia incidences of 30 to 75% in the 
nediate and 2 to 9% in the late postoperative periods 
ve been ascribed to transient or permanent surgical 
lamage to internodal tracts and nodal blood supply.4-9 
n this study we evaluated the preoperative prevalence 
atrial nodal dysfunction in secundum ASD by in- 
icardiac electrophysiologic studies and described SN 
d AVN function after effective surgical repair. 


` Methods 


ies ойша 21 consecutive children (15 girls, 6 boys), aged 
7 years (mean 5. 4), with isolated secundum ASD. Each 


he. Department of Pediatric Cardiology, Children's Hospital of 
! v , New. Jersey. Manuscript received July 12, 1984; 
September: 24, 1984, accepted September 


: Karpawich, MD, Department of Pediatric 
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children with SN dysfunction. Elec 
studies performed 4 to 16 months. 
correction showed improvement in 
physiologic values. However, SN fun: | 
abnormal. Significant decreases were o 
atrial (p <0.05) and AVN (p <0. 05) re 
riods, with increased atrial conductio 
<0.01) and AVN Wenckebach respo 
pacing (p <0.01). ASD repair impro 
atrial muscle electrophysiologic fun 
cally by relieving stress on atrial impu 
tion. SN and AVN dysfunction may 
herent part of the ASD complex. P 


(Am J Cardiol 1985; 


child underwent preoperative evaluation wit 1 
13-lead ECG, 24-hour ambulatory recording, an 
ization with intracardiac electrophysiologic stud 
Electrode catheters were inserted percutaneous 
femoral veins. Under fluoroscopic guidance, а qt 
catheter was positioned to pace and record i imp 
high right atrial-superior vena caval junction. D« 
patient size, additional tripolar or quadripolar: 
used to record low right atrial-His bundle an 
ular impulses. Surface electrocardiographic lead 
femoral arterial pressure were monitored thr 
study. All recordings were performed on a Sie! 
Mingograph-82 at a paper speed of 100 mm/s, — 
Electrophysiologic measurements included interva 
rest, corrected sinus node recovery time,’ totals 
conduction time,? AVN Wenckebach response to ра 
atrial and AVN functional and effective refractory f 
Atrial, ventricular, pulmonary and femoral arte 
and oxygen saturations were recorded. Location o 
was confirmed by angiography and shunt size acro 
was estimated by the Fick method. ASD repair W 
by direct suture or by patch closure using cardiop 
bypass with potassium cardioplegia and mod 
thermia (mean 26.5°С). 
Postoperative assessments were performed 4 
(mean 10) after repair. Protocols were the same as fo 


erative studies. Since the purpose of this stu 
У; persistence. of hodal гува ction, s 'Darate 
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пе are i in ‘milliseconds. 
cle length-dependent. mM HN 
sible supraventricular tachycardia. | С 
e length: СМАТ = corrected sinus node recovery time; ЕВ = entrance block; ERP = = effostive refractory parioa; FRP = > functional "m 
ee SACT = sinoatrial conduction time; WCL = Wenckebach CL. | " 



































of surgical trauma, evaluations were delayed and with episodic EE Graphic. aale o 
za with preoperative electrophysiologic atrial prematurity intervals plotted against low atrial 
= and AVN conduction responses demonstrated discon 1 
tinuous curves, compatible with AVN. reenírar 
tachycardia. Atrial and AVN refractory periods. were 
normal in all children. 
Comparative evaluation of children е hormial a 
abnormal nodal function revealed no significant di 
ferences in age, mean atrial pressures, Qp/Qs values. 
atrial conduction intervals. Angiography confirmed 
isolated secundum ASD as the only cardiac defect in 
but 1 child, who also had a single anomalous pulmonary 
vein. No sinus venosus defects were present. —— 
Postoperative noninvasive studies: ASD r repair was. os 
performed in 9 patients. Am соя monitoring 1 week 








first-degree иды Доку. bloc Tus Т evident in 
All children were asymptomatic. . к 










physiologic studies in q children (тг, pe ией r 
interval 10 оа аге included in Table L Overall y N 





ve of SN V dysfunction. Sinoatrial 
| ormali in all but: 3 children, 2 of whom 





ter grade aud ni зшен Le ee shorten 
he b ота de . period (p <0.02) 









ative ‘inducible ан: tachycardia 
h instance, the pattern was of the "slow-fast" 
: No child. had accessory atrioventricular con- 
ions. There were no significant differences in sur- 
nnulation technique, time on cardiopulmonary 
ass, perfusate temperatures or ASD closure tech- 
ique between children with and those without induc- 
ible supraventricular tachycardia. 














































‘Discussion 


bd studies have revealed preoperative 
ind AVN dysfunction in 41 to 77% of children with 
ndum ASD.L?!! These studies indicate that pre- 
ative children with secundum ASD have a high 
disposition for rhythm disturbances. Significant 
| dysrhythmias һа e been reported to occur only 
па childhood. However, no definite relation of 
dysfunction wit ulmonary, ventricular or atrial 
sssures has been documented.?? In addition, corre- 
“of abnormal electrophysiologic function with 
nary to systemic flow ratio has been inconsis- 
‘Nevertheless, prolonged atrial conduction in 
Iren with ASD preoperatively has improved after 
ical repair." Our study also demonstrated this 
as well as the reported postoperative shortening 
rial refractory periods.!! 
lese findings support the concept that the ASD 
utes a reversible dynamic insult to intraatrial 
» propagation and, therefore, predisposes to 
Has. — 

Wever, identification of a critical age at which 
dé abnormalities can be detected still remains 
ative. Ruschhaupt et al? reported no preoperative 
dysfunction in children younger than 2.5 years of 
th ASD. Our findings were similar. However, only 
groups of patients have been evaluated. Whether 
uch : children will develop dysfunction after early 
al. intervention | requires further prospective 
tions. 

d on present. values for normal nodal recovery 
onduction times, children with secundum ASD 
dal dysfunction as part of their cardiac defect, 
ly independent of altered hemodynamic effects. 
refore, SN and AVN function may not significantly 
ve after ASD répair. Because intracardiac elec- 
hysiologic. studies incorporate some atrial muscle 
onduction during stimulation, changes in atrionodal 
ulse propagation could affect measurement of nodal 
tion. In addition, sedation may influence conduc- 
: The combination of meperidine, chlorpromazine 
'omethazine, for example, has been reported to 
th horten the SN recovery time in immature 









































xophysiologic studies have been reported on the 
nts before and after ASD repair.!! But in- 
enosus ASD may account for their 
96) of abnormal function.4^16 Al- 


E ports of itaprovgd SN 


with the findings in other Fe 








of our patients had completel 
values. In addition, abnor 1 al А T 
pacing persisted in 3 of our patier 
meperidine, chlorpromazine and prometha 
contributed to acceleration of nodal con 
be speculated. Ruschhaupt et al? also p 
and postoperative electrophysiologic stud 
different groups. They reported a 62% pre 
abnormal SN function before, and 6496 
pair. All of our children with preoperative 
dysfunction had postoperative abnormal 
general improvement in measured electro 
values. Neither routine electrocardiogram 
ambulatory monitoring were predictors 
postoperative dysrhythmias i in our study 
Although our study group was small, fins 
tently abnormal postoperative nodal fui 
stantiated the contention that SN and A 
malities are part of the ASD complex. ASD 
improve nodal and atrial muscle electr 
function by relieving stress on atrial impi 
tion, but nodal dysfunction persists. 1 
low-up will be required before any corre 
made with eventual dysrhythmias, indi тер 
surgical trauma. d 
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ular arrhythmia is common after repair of 
gy of Fallot (TF) and may cause sudden 
To explore the mechanisms, ambulatory 
diographic monitoring and electrophysi- 
es were undertaken, without the use of 
ative tests, in 22 patients 5 to 24 years (mean 
' repair. His-Purkinje and right ventricular 
apical activation times were measured to as- 
onduction. Endocardial mapping of the right 
le was performed, with additional record- 
rom the left ventricle in 10 patients, to de- 
bnormalities of local depolarization and 
larization. 

RV slectrograms were fractionated or de- 
















in7 | ‘patients, outflow in 7, free wall in 2 and 
patient) reflecting disordered depolarization, 






iler а is common after repair of te- 
of Fallot (TF), but the cause remains uncer- 
lectrophysiologic studies in postoperative 
s have concentrated on the ability to induce 
ricular tachycardia (VT) using programmed stim- 
on, but only a few have tried to relate these findings 
he occurrence of events during normal daily life.3-4 
have therefore studied, by endocardial mapping, 
erns of local ventricular depolarization and repo- 
ation after repair, and related the findings to ven- 
ilar arrhythmia during electrocardiographic (ECG) 
itoring out of hospital. Our aim was to determine 
lectrophysiologic abnormalities, detected without the 
ise of provocative tests, that may form the basis for 

| убайа in this group of patients. 
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| Great Ormond Street, London, WC1N 3JH, i extrasystoles; grade III —couplets (2 conse 


ЕЕЕ extrasystoles) с or multiform ventricula 

















but left ventricular recordings were normal in ай, т. 
Ventricular arrhythmia out of hospital was тоге | 
common (p <0.05) and more severe (p <0.01) in 
the patients with depolarization abnormalities than 
in those with normal electrographic findings. In 
contrast, there was no association between ve 
tricular arrhythmia and conduction disturbances. 
Abnormalities of RV repolarization, consisting Of 
low-frequency signals after the T wave, were ob- : 
served in 17 patients (77 % ), but were not associ- 
ated with arrhythmia. Thus, ventricular arrhythmia 
during daily life was associated with fractionated 
depolarization at multiple sites in the right ventricl 
This suggests that there are widespread areas of RV 
myocardial damage that provide substrates for 
ventricular tachycardia.  . 
(Am J Cardiol 1985;55: 5:522-525) 















Methods 


Twenty-two patients were studied 9 to 24 years (mean 
after repair of classic TF. Twenty were consecutive, asy: 
tomatic patients seen during follow-up at the Hammersmith _ 
Hospital between 1980 and 1982; the other 2 were referred for · 
investigation of syncope associated with documented, sus- 
tained VT. Surgery had been performed between 1959 and 
1975 using standard surgical and cardiopulmonary bypass 
techniques. A transverse or oblique right ventriculotomy 
performed in all and in 4 patients, the right ventricular: 
outflow tract was enlarged with a Dacron or pericardial pa 
The age at repair was 3 to 25 years (mean 11). Within 1: mo 
each patient underwent 48-hour ambulatory ЕСС кыз 
and electrophysiologic study. | uum 

Electrocardiographic monitoring: ECG monitoring. was ү 
performed using Oxford Medilog 1 recorders, biopolar CM, 
and CM; leads and a Reynolds Pathfinder high- speed ana- 
lyzer. Ventricular arrhythmias were: graded using a modifi- 
cation of the Lown сгіќегіа,56 without knowledge of the resul 
of the electrophysiologic study: Grade I—uniform ventricular | . 
extrasystoles with a peak hourly count of less than 30; ; grade 
II—peak hourly count of more than 30 uniform ventr 





















































{һап 30: y dede Гу couplet or 
systoles ' with a peak hourly count 
30; and de V —ventricular tachycardia (3 or 
asecutive ventricular extrasystoles with a mean rate 
jan 100 beats/min). —— 
1 hysiologic study: Electrophysiologic studies were 
ed in the postabsorptive state, under local anesthesia 
premedication with diazepam when necessary. in 
. 1 patient, antiarrhythmic medication had been 
iscontinued for at least 5 times the elimination half-life. The 
exception was a symptomatic patient who was receiving 
odarone, but who continued to have episodes of VT. A 
ad electrocardiogram was recorded to measure frontal 
{5 vector and QRS duration and right-sided hemodynamic 
es were measured. Three bipolar or quadripolar elec- 
rode-wires were then introduced percutaneously through the 
ht femoral vein and directed under fluoroscopic control to 
ght atrium and right ventricle. In the 2 patients with 
ented, sustained VT, an additional electrode wire was 
sitioned i in the coronary sinus, which provided left ven- 
cular basal electrograms to aid localization of induced ar- 
ia. In 10 patients, left ventricular recordings were also 
ed either by passing a quadripolar electrode wire across 
int foramen ovale or, in the last 7 patients studied, 
gradely from the right femoral artery. Electrograms were 
orded from the high right atrium, His bundle and RV apex. 
idocardial mapping was then performed by manipulating 
juadripolar electrode wire with a 5-mm interpolar distance 
iultiple sites, including the inlet, septum, free wall and 
low tract of the right ventricle and the apex of the left 
ntricle. During mapping, a quadripolar wire was left at the 
/ apex to provide a reference electrogram. The local elec- 
grams from each site were fed through isolation switch 
to high-gain amplifiers (Siemens EMI 12B) using both 
(21200 Hz) and low («40 Hz) frequency filtering. At 
site additional recordings to include low-frequency 
ments (1,200 Hz DC) were made in order to examine 
cal activity during ventricular repolarization. Surface 
eads I, III, У; and Vg and the intracardiac recordings 
: recorded on a multichannel ink-jet printer and high- 
lity magnetic tape. They were displayed using variable 
о achieve optimal electrocardiographic registration; a 
iolated and filtered calibration signal was used. In- 
ricular conduction was assessed by measuring the 
kinje conduction time (HV interval) and the RV ap- 







































































ime between the onset of earliest ventricular activity 
urface electrocardiogram and the first high-frequency 
nent of the RV apical electrogram. This was used to 
entiate central from peripheral right bundle branch 















кеша: stimulation protocols: Programmed ven- 
ar ‘stimulation was performed using a standard protocol 
n the 2 patients with documented sustained VT.5 Stimuli 1 
is in duration at twice diastolic threshold were used. Single, 
uble and triple premature ventricular stimuli were intro- 
:d during sinus rhythm and after ventricular pacing at 3 
cle lengths (600, 500 and 430 ms) at both the RV apex and 
tflow tract. Rapid ventricular pacing for up to 5 seconds 
exit block oceurred was also used in an attempt to in- 



















nitions: Local ЕЕ ЕТА were defined оп the basis 
on and timing relative to the surface QRS complex. 
às measured from the onset of the first high-fre- 
omponent of the. high-amplitude local electrogram 





minal high-frequency deflection. Timing ..- 
taken as the interval from the earliest uu 


ponent of the ed Lectio ram 
standards were derived from 20 patien 
mean 18) with atrioventricular reentr 
organic heart disease. Electrograms were d e 
tionated when they showed multiple low-amp 
frequency components persisting for more tł 
deviations outside duration of electrograms. 
group. Delayed electrograms were defined as th 
components of electrical activity were present be 
of the QRS complex. | 

Statistical analysis: The relation of vent cu 
on ECG monitoring to measures of conducti 
V-RVA intervals) and to frontal QRS axis and Qj 
assessed using a Student t test for unpaired da 
exact test was used to assess the relation of arrhy 
ECG monitoring to abnormalities of local depol: 
repolarization. Values are expressed as mean 
deviation. 





































Results 


Electrocardiographic monitoring: Eleve 
(50%) had ventricular arrhythmia of grade II o 
Five (23%) had nonsustained VT (less than 1 
including the 2 who were referred with previ 
umented episodes of sustained УТ. | 

Electrophysiologic study: All but 2 pati p 
in sinus rhythm. One patient with both sino 
atrioventricular block (shown to be а rest 
Purkinje disease) had a permanent ventricu 
maker. In the other, atrial flutter was conve 
rhythm by rapid atrial pacing. Complete 
branch block (QRS duration 120 to 200 ms) 
in all patients except for 1, in whom block v 
plete (QRS duration 110 ms). Eight patients 
had left-axis deviation (mean frontal: QRS | ax 
or greater). QRS duration was longer in the 1 
with ventricular arrhythmia on ECG monit 
+ 26 vs 138 + 20 ms, p <0.01), but there was 
ation between ventricular arrhythmia ani 
deviation. The HV interval was normal (less t 
in all but 2 patients (70 and 60 ms), and ce 
bundle branch block was present in 7 patients. : 
there was no significant difference in either th 
V-RVA interval in patients with and without ven: 
ular arrhythmia (HV 42 + 11 vs 39 + 9 ms, V- RV, 
+ 20 vs 28 + 18 ms). 

Endocardial depolarization: In ihe normal gr 
local electrograms from 4 RV sites (septum, apex, fr 
wall and outflow) were 57 + 7 ms in duration. None we 
fractionated or delayed. In 10 patients (4590), lo: 
ventricular electrograms were of normal configura 
and within 2 standard deviations of the duration in ће 






















































































grams were either delayed (2 patients) or fràctionatei 
(10 patients, 90 to 200 ms [mean 117] in duratior 
or more sites (Fig. 1). In 5 patients, abnorma 
grams were present at more than 1 site. They were 
frequent in the RV septum (7 patients) and « 
tract (7 patients), but were also recorded. from 
(1 patient) and free wall (2 patients). In coni 
normalities of depolarization were not fo 
cordings. from the left ventric V la 

















ig ificantly m more comm on n 2 | oa m 
al RV depolarization (p 


"i more ipt р <0.01) TF has беен "used in apes attempt to define the risk of 
oth patients with frequent sudden death and the need for antiarrythmic ther py | 


| r rasystoles and all 5 with VT had Garson et al? demonstrated an association 1 of indu uc 
depolarization. 


| repolarization: Signals concurrent 
e T wave on the surface electrocardio- 
din17 patients (77%). These were uni- 
0.2 te ImV amplitude and of sufficiently | 
to be either significantly attenuated ог, ў 
abolished by standard filtering (Fig. 3). Mere оета we confines 
detected at 1 site in 13 patients (RV apex in ! 
eral wall in 1 patient) and at 2 sites in 4 pa- 
and outflow tract in 2 and apex and free 
was no association between the pres- 
ca repolarization potentials and ventricular 
ia on ECG monitoring (Fig. 4). 

amed ventricular stimulation: VT could 
еа in either patient with documented sus- 
tside hospital. In 1 patient endocardial 
Ыр | spontaneous vos of VT Dane 






















monitoring, but neither Kugler e 
were able to show such a rela! j 
vocative testing, particularly ш i 





















syncope and sustained V1 
fective antiarrhythmic thi 





erapy nstead, in this study - 
we adopted a different approach and, without the use 
of provocative tests, identified abnormalities of local . . 
endocardial depolarization and repolarization at mul- - 
ie right ventricle. These abnormali- ` 
ties were not detected in the left ventricle. The signifi- Ки 
cance of the repolarization potentials is uncertain. They . 
are probably not catheter-induced or an artifact of ы 3 

























Normal De polarization Abnormal Depolarization 
Group (n - 10) Group (n*12) — ^ 





Number of Patients 
+ 


> ж 2. 





ыг». 


Пл? 


E A o 





| T AV septum. 


‚ because ‘ghey were not found | in 


atients studied using an identical protocol. Al- 
gh the abnormalities had some characteristics 
ar to delayed afterdepolarization potentials found 
perimental models of triggered automaticity, 10.11 
eir presence was not associated with ventricular ar- 
ythmia during ECG monitoring. In contrast, the 
ractionated or delayed electrical activity during de- 
polarization was strongly associated with the presence 
Xf ventricular arrhythmia during the patients’ ordinary 
daily activities. Such delayed electrical activity, repre- 
senting local slowing of myocardial conduction, has been 
reported in other patients. with VT, and there is evi- 
dence that it may be an important substrate for the 
evelopment of reentry arrhythmias.!? VT may be in- 
duced more easily from endocardial sites showing dis- 
yrdered local electrical activity!? and the earliest site 
activation during spontaneous VT. occurs in re- 
ons of slowed conduction.'^ Surgical removal of such 
‘eas may be successful in preventing induction of 
'rhythmia.!5 | 
Disordered local depalarization is likely to reflect 
underlying myocardial damage. This may be the result 
surgery or part of the natural history of TF itself. 
epolarization abnormalities were most common in the 
outflow and inflow/septal areas, the former being 
site of ventriculotomy and infundibular resection 
nd the latter of ventricular septal defect closure. Al- 
ough a definite link between depolarization abnor- 
mality and spontaneous arrhythmia out of hospital 
annot be established, previous studies have localized 
ined VT to both these regions. Horowitz et а!6 
ped VT to the site of the ventriculotomy in 4 pa- 
ents. They proposed a reentry circuit involving the 
ar as the basis for arrhythmia, which could be inter- 
{еа by a transverse incision across the ventriculo- 
1y. Kugler et al? reported continuous electrical ac- 
ty and induction of sustained VT from the upper RV 
septum in 3 patients. Garson et al? suggested that sur- 
gical damage to the bundle branches may provide 
nother more potential circuit for VT. However, we 
did not find an increased incidence of ventricular ar- 


Abnormal Repolarization 
Group (n=17) 


Normal Repolarization 
Group (n*5) 


and ventricular arrh = бе; ! oe 


chythmia i in our с patients 
disturbances. | i 

We also found myocardial electric: 
in areas not normally associated with 
the RV apex and free wall. This may refl 
fibrosis occurring in the unoperated hear : 
son of muscle resected at repair has shown 
fibrosis was common in adults but absent in 
and our autopsy studies of patients who die 
late after repair revealed multiple and ex 
of fibrosis in the RV.19 RV fibrosis unrelat 
may explain our previous observations of 
increase in arrhythmia with age in unoper 
and with the age at surgery in those who hav 
repair.? | 

The electrophysiologic measurem 
demonstrate a diffuse electrical abnorm 
RV myocardium in postoperative TF. 
fractionated local depolarization, which | 
sociated with reentrant VT!? may provide 
strates for spontaneous arrhythmia in u i 
patients. : 
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s measured 12 to 24 hours 
ne intensive care unit (ICU) were 
those measured at a later cardiac 
n in 68 patients after closure of ven- 
eptal defect (VSD). A pulmonary arterial 
) saturation of more than 80% or a pulmonary 

emic blood flow ratio (Qp:Qs) greater than 1.5 
J were sensitive indicators for identifying 
ents at risk of having a hemodynamically sig- 
esidual left-to-right shunt (Qp:Qs greater 
| at catheterization. Measurement of PA 














closure of ventricular septal defect (VSD) is 
te in 14 to 30% of cases. Residual VSD of 

n significance has been reported to occur 
% of the procedures, Because of the ad- 
of persistent left ventricular volume over- 
ulmonary arterial (PA) hypertension, it is 
; to identify patients with a hemodynamically 
nt residual VSD from the larger group of 
tive patients with murmurs caused by either 
SD ‹ or no defect at all.3-? We examined whether 
s with hemodynamically significant residual 

1 be identified in the early (12 to 48 hours) 
‘ative period. We compared hemodynamic 
measured in the intensive care unit (ICU) in the 
operative period to those measured at a sub- 
cardiac catheterization. 


Methods 


: sof all patients with VSD who underwent op- 
т r institution from November 1973 to July 1982 
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S ent of Hemodynamic Status in the Inte sive are | 
ir ediately After Closure of Ventricular Septal Defect 


catheters placed in the right atrium, left atrium and pulm 
nary artery, and a 22-gauge radial arterial catheter was placed 
at the time of surgery. Simultaneous blood samples were 
drawn from these catheters and oxygen saturation was: mea- 
sured. Pulmonary to systemic blood flow ratio (Qp: Qs) was. 
derived from the oxygen saturation data and pressures were 
recorded from the indwelling catheters. 


principle. ‘The. mixed. venous | satura 
: saturation in the’ superior v ve 
atrial saturation was used. 


ongwoo: Avenue. Boston, Massachusetts ge 
Er c : saturation at it eathete 
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pressure in the ICU was a useful predictor of PA 
pressure at catheterization. In the absence of factors 
known to alter PA pressure, measurement of PA 
pressure in the ICU overestimates what it will be: a 
a subsequent cardiac catheterization. Early as 
sessment of hemodynamics after closure of VSD is _ 
useful in identifyng patients at risk of having he- — 
modynamically significant residual VSD and those 
who may have persistent PA hypertension. | 





(Am J Cardiol 1985;55: 526-529) | 






were reviewed. In 68 of these patients, appropriate hemody- En 
namic data from the early postoperative period and a post 
operative cardiac catheterization were available for compar- 
ison. These patients were 2 months to 24 years old (median 
8 months). Patients with associated cardiac anomalies other 
than an intraatrial defect or patent ductus arteriosus were 
excluded from this study. Patients with previously repaired 
coarctation of the aorta, ligated ductus arteriosus or PA bar 
were included. 

Early postoperative studies (those performed iı in die ICU: 
were performed 12 to 48 hours after surgery, while the patients. | 
were receiving supplemental oxygen at a fractional inspired _ 
oxygen concentration of 0.5 or less. As part of routine man- 
agement, all patients had 19-gauge, fluid-filled, polyethylene 














Six patients (9%) underwent recatheterization within the 


first postoperative week, 5 patients (7%) 1 week to 1 year, 47  . 
(69%) at 1 to 2 years and 10 patients (15%) 2 to 6 years after. ^ 
surgery. Patients who underwent cardiac catheterization soon 
after surgery did во because of suspected hemodynamic ab- 
normalities. | 










At catheterization Qp:Qs was determined using i 1 , Fic 





showed a small residual VSD, the patient was arbitrarily as- 
signed a Qp:Qs of 1.1. “Truth” tables were constructed to 
compare early postoperative data with those obtained at 
catheterization. 


Results 


Residual left-to-right shunts: Early postoperative 
(ICU) PA saturation and Qp:Qs were compared with 
Qp:Qs at the postoperative cardiac catheterization (Fig. 
1). A PA saturation of 80% or more in the ICU identified 
8 of 9 patients with a significant residual left-to-right 
shunt (Qp:Qs >1.5) at catheterization (Table I). In 1 
patient, in whom the early PA saturation was 88%, the 
VSD was closed; there was, however, partial anomalous 
pulmonary venous return of the right pulmonary veins 
to the lateral wall of the right atrium, which had not 
been previously recognized. 

Of the 9 patients with significant residual left-to-right 
shunts at catheterization, 7 had Qp:Qs calculated in the 
early postoperative period. Six of the 7 were identified 
as being at risk of having a significant residual defect 
by an ICU Qp:Qs greater than 1.5; 1 patient had a Qp:Qs 
of 1.4 in the ICU and 1.6 at catheterization 5 years 
later. 

Pulmonary artery pressures: In general, the mean 
PA pressure in the ICU was higher than that at cathe- 
terization (Fig. 2). Six patients had a significantly ele- 
vated mean PA pressure (>25 mm/Hg) at postoperative 
catheterization (Table II). Two of these patients had a 
significant residual VSD, 1 patient a small residual VSD 
and left ventricular dysfunction and 1 patient mild 
mitral stenosis. In the fifth patient septicemia and se- 
vere left ventricular dysfunction developed after ICU 
measurement of PA pressure, and the sixth patient had 
preoperative evidence of pulmonary vascular obstruc- 
tive disease that progressed after closure of the VSD. 
ICU assessment of PA pressure underestimated the 

pressure measured at postoperative catheterization in 
only 3 patients; 2 were recognized as having an elevated 
PA pressure in the ICU, and a change in clinical con- 
dition identified and accounted for the change in PA 
pressure in the third. 


Discussion 


The surgical objectives in undertaking closure of VSD 
are to remove the left ventricular volume overload and 
to protect the pulmonary vascular bed. The longer the 
duration of chronic volume overload in children with 
VSD, the less likely left ventricular size and function 
will be normal postoperatively.?: In children who un- 
derwent operation before age 2 years, however, left 
ventricular size and function do return to normal.? 
Therefore, to prevent further long-standing left ven- 
tricular volume overload and persistence of PA hyper- 
tension and risk of pulmonary vascular obstructive 
disease," results of surgery should be evaluated as early 
as possible. 

The clinical assessment and diagnosis of a residual 
VSD may be difficult in the immediate postoperative 
period. Many patients have murmurs, and some degree 
of congestive heart failure is not unusual, even with 
excellent surgical results. In a recent review of closure 
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FIGURE 1. Top, comparison of the percent saturation of pulmonar 
arterial (PA) blood measured in the early postoperative period to pu 
monary to systemic blood flow ratio (Qp:Qs) measured at catheterize 
tion. One patient had 2 postoperative catheterizations, and both value 
are shown. Dashed line represents a Qp:Qs = 1.5. Middle and botton 
"truth" tables relating immediate postoperative data to Qp:Qs measure 
at postoperative cardiac catheterization. CATH = catheterization; SEN 
= sensitivity; SPEC = specificity. 
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gy TABLE | Profile of Patients in Whom Catheterization Revealed a Hemodynamically Significant Residual Ventricular Septal 
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En Defect 

BEES ULM Ot TETUER RITARDO Teu E e Rum 
E Intensive Care Unit Catheterization 

AE ———————————————— 

Po PA Sat. PA Pressure Mean PA Pressure 

5 Pt (96) Qp:Qs (mm Hg) Qp:Qs (mm Hg) Time Diagnosis 
ES. 1 83 1.4 s 1.6 23 5 yr VSD 
E 2 70 Ki 39 1.6 25 1yr VSD 
ON 3 84 2.2 16 1.8 16 1 yr VSD 

4 88 үе 21 2.5 21 1 yr PAPVR 
ASD 87 1.8 20 1.6 20 1 day VSD 
B. 6 87 2.1 19 1.9 19 7 days VSD 
ee. 7 87 1.8 34 2.0 30 1 day VSD 
m. 8 87 2.3 28 3.6 46 6 mo VSD 
Eo. Ө 84 2.2 21 2.0 15 8 mo VSD 


(o oo oor лыы SECOLO TI БЕБИ NE ou а Зат ЛИЕ у сч 
S PA = pulmonary arterial; PAPVR = partial anomalous pulmonary venous return; Qp:Qs = pulmonary to systemic flow ratio; Sat. = saturation; 
. Time = time of catheterization after operation; VSD = ventricular septal defect. 
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` TABLE Il Profile of Patients in Whom Catheterization Revealed Pulmonary Arterial Hypertension 








E Intensive Care Unit Catheterization 

x | PA Sat. PA Pressure Mean PA Pressure 

a | Pt (96) Qp:Qs (mm Hg) Qp:Qs (mm Hg) Time Diagnosis 

ІЯ 1S 

B 1 77 1.7 45 1.4 55 1 yr PVO 

[sd ро 63 1.3 33 1.0 26 1 yr MS 

3 70 1.1 23 1.2 60 4 days tLVEDP 

DES 4 80 1.8 31 1.3 28 4 days VSD, tLVEDP 
B. Б 87 1.8 34 2.0 30 1 day VSD 

res | 6 87 2.3 28 3.6 46 6 mo VSD 

e ай = left ventricular end-diastolic pressure; MS = mitral stenosis; РМО = pulmonary vascular obstructive disease; other abbreviations as 
` in Table |. 

3 of VSD in infants,? we found that 1 of the major post- cally significant residual VSD may result in both res- 
- operative problems was respiratory failure, particularly piratory failure and ventricular dysfunction. Thus, the 
—. in infants who displayed significant respiratory distress ability to evaluate the cause of such problems without 
.. before surgery. Left ventricular dysfunction of varying undergoing a cardiac catheterization is of significant 
- causes has also contributed to hemodynamic instability clinical value. We previously found that after repair of 
_ without a residual left-to-right shunt. A hemodynami- tetralogy of Fallot, a pulmonary artery saturation of less 
E than 80% and Qp:Qs of 1.5 or less in the early postop- 
E erative period are sensitive indicators of successful 
ке closure of the VSD.’ Our present results corroborate this 
3 finding. Only 1 patient with a pulmonary artery satu- 


ration of less than 80% had a significant residual left- 
ro-right shunt at catheterization 1 year postoperatively. 
Calculation of Qp:Qs in the early postoperative period 
was also a sensitive method of evaluating residual left- 
to-right shunt. Again, 1 patient with a Qp:Qs greater 
than 1.5 at postoperative catheterization had a Qp:Qs 
less than 1.5 in the ICU. This patient's PA saturation 
was 83%, which did identify him as being at risk of 
having a significant residual defect. 

The finding of an ICU РА saturation of at least 80% 
or Qp:Qs greater than 1.5 cannot be taken to mean that 
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© a significant residual defect exists. Only 8 of 21 patients 
E with a РА saturation greater than 80% and 6 of 13 pa- 
ү a Еж =o 29 9 50 tients with a Qp:Qs greater than 1.5 in the ICU had a 
Re MEAN PAp IN ICU significant left-to-right shunt at later catheterization. 
a * 1LVEDP As in the postoperative assessment of patients with 
5 ** Resid. VSD, fPVR tetralogy of Fallot,’ ICU assessment of a residual VSD 
К 088 is most accurate in terms of its predictive negative value 
[КО Се in tne intensive care unt lout tat miecemedateadae Fig. 1). 

SE аі. In і V u + . 

2 Chet bation Dashed line is the line of identity. LVEDP = left ven- PA pressure is the second variable that must be as- 
` tricular end-diastolic pressure; PVR = pulmonary vascular resistance; sessed after closure of VSD, particularly if the patient 
`. VSD = ventricular septal defect. has PA hypertension preoperatively. Only 1 patient in 
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residual heart disease, we believe that postoperative 


whom the PA pressure was less than 25 mm Hg in the 
catheterization is not necessary to assess adequacy of 


ICU had an elevated PA pressure at catheterization, and 


severe left ventricular dysfunction developed in this 
patient after early hemodynamic assessment. However, 
in several patients an elevated PA pressure in the early 
postoperative period had normalized by the time of 
catheterization. 

In the absence of factors known to alter PA pressure, 
(preexisting pulmonary vascular obstructive disease, 
significant residual left-to-right shunts and left ven- 
tricular dysfunction or left-sided obstructive lesions), 
measurement of PA pressure in the ICU will only 
overestimate what it will be at a postoperative cathe- 
terization. 

Based on our observations, our recommendations for 
the hemodynamic evaluation of patients after closure 
of VSD include: measurement of pulmonary artery 
saturation, Qp:Qs, and PA pressure in the ICU; early 
catheterization of patients with a PA saturation of at 
least 80% or Qp:Qs greater than 1.5 if the patient’s 
condition is unstable or ventilator-dependent; and 
catheterization in all patients with early evidence of a 
significant left-to-right shunt or elevation of the PA 
pressure 1 year postoperatively. If the early hemody- 
namic assessment demonstrates a PA saturation less 
than 80%, Qp:Qs less than 1.5, and mean PA pressure 
less than 25 mm Hg in a patient who is clinically well 
and has no clinical or echocardiographic evidence of 


VSD closure or to measure PA pressure. E 

Two-dimensional echocardiography and Doppler will 
likely further eliminate the need for postoperative 
catheterization in many patients, but this has yet to be 
evaluated. 
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Comparison of Ventricular Function After Senning 
and Jatene Procedures for Complete Transposition 
of the Great Arteries 


HIROHUMI OKUDA, MD, MAKOTO NAKAZAWA, MD, YASUHARU IMAI, MD, 
HIROMI KUROSAWA, MD, YOSHINORI TAKANASHI, MD, SHUICHI HOSHINO, MD, 
and ATSUYOSHI TAKAO, MD 


Postoperative right (RV) and left ventricular (LV) 
volume characteristics in patients with complete 
transposition of the great arteries were studied to 
compare ventricular function after Senning and 
Jatene procedures and to analyze RV dimensional 


| change during systole in patients after the Senning 
.. procedures. RV end-diastolic volume (EDV) was 181 


+ 74% of normal (mean + standard deviation) and 


` RV ejection fraction (EF) was 0.48 + 0.09 in 15 


patients who underwent the Senning procedure. In 


_ 9 patients who underwent the Jatene procedure, 
. LVEDV was 152 + 27% of normal and LVEF was 

0.61 + 0.09. One patient with aortic regurgitation, 
_ 1 with aortic regurgitation and residual ventricular 
. septal defect, and 1 with aortic regurgitation and 
generalized LV wall hypokinesia of unknown cause 


had large LVEDVs. Pulmonary ventricular EDV and 


. EF were within normal ranges except in the patients 
. with persistent pulmonary hypertension, who had 
- large EDVs and low EFs regardless of the anatomic 


À major concern after intraatrial repair of complete 
transposition of the great arteries ((TGA) is how the 
right ventricle functions as a systemic ventricle 
throughout life. Several investigators have indicated 
that right ventricular (RV) volume increases and its 
ejection fraction (EF) is depressed after the Mustard 
or Senning operation, even if surgery is performed 
during infancy.!-? Systemic ventricular function is not 
depressed in infants who undergo reparative operations 
for cardiac anomalies with the left ventricle supporting 
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type of ventricle, either the left or right. The study 
of RV dimensional change in the Senning group 
showed a reduced systolic shortening of the ante- 
roposterior diameter compared with the preopera- 
tive transposition of the great arteries and normal. 
This reduced shortening may be related to postop- 
erative adhesion of the RV free wall to the anterior 
chest wall and fixation of the atrium secondary to 
the intraatrial repair. In conclusion, systemic ven- 
tricular function after intraatrial repair for complete 
transposition of the great arteries is depressed by 
unavoidable residua and sequelae: persistent RV 
hypertension, anatomy of the right ventricle and, 
possibly, postoperative adhesions. In contrast, LV 
function is normal after the Jatene procedure, when 
no serious complications or residua are present. The 
pulmonary ventricle shows normal volume char- 
acteristics after either procedure unless pulmonary 
hypertension persists. 

(Am J Cardiol 1985;55:530-534) 


the systemic circulation.99-19 In addition, even in 
complete TGA, systemic ventricular function is re- 
ported to be normal after the arterial switch operation, 
where the left ventricle is a systemic ventricle.11.12 
Therefore, we studied RV and left ventricular (LV) 
volume characteristics in patients with postoperative 
complete TGA to compare ventricular function after 
Senning and after Jatene procedures, both of which 
were performed by the same surgical team using the 
same supportive technique, and to investigate the effect 
of intraatrial repair on RV pump function in relation 
to dimensional change of the right ventricle during 
systole. 


Methods 


Patients: The study was composed of 15 patients who un- 
derwent the Senning procedure and 9 patients who underwent 
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TABLE! Patient Data | 
Preop ҮҮ A 
PVP/SVP Ratio Time Btw Ао Бре 
Рі Аде аї Hgb PaO» PSI A: вра ERE ERI V Op Cross-Clamp Postop  . 
No Type Surgery (g/dl) (mm Hg) Preop Postop Study Time (min) C,R,S , 
Senning Group : 
1 | + PDA 11 mo 18.6 30 0.66 0.29 25 days 60 -— ‘= 
2 | 9 mo 19.6 42 0.70 0.41 44 days 65 — 29 
3 | 14 mo 21.7 51 0.47 0.47 29 days 58 — E 
4 | 2 уг 16.3 33 0.41 0.41 28 days 62 — 
5 | 3 yr 18.6 45 0.49 0.21 10 mo 57 — 
6 | 7 mo 23.5 34 0.49 1.07 7 mo 68 PVCO E 
7 | 20 то 22.9 40 0.45 0.60 45 дау$ 70 — E 
8 | З yr 12.6* 34 1.00 0.93 31 days 83 PVOD H 
9 I 11 mo 17.0 41 1.00 1.00 7 mo 86 VSD,TR | 
10 | 9 то 21.1 30 1.00 0.57 90 дауѕ 74 — D 
11 I 3 yrs 18.2 47 1.00 0.52 2 yr 94 — И 
12 | 10 то 19.3 52 0.59 0.39 34 days 86 — 0 A 
13 | + PS 6 mo 16.9 38 1.00 0.65 41 days 86 TR - e 
14 I 18 mo 19.0 42 1.00 0.55 27 days 79 •У$0 753 
15 II + PAB 7 yr 19.3 33 1.00 0.45 35 days 74 — JM 
Jatene Group - Ла 
1 1 + PAB 5 yr 21.1 42 1.00 0.59 30 days 72 AR c: 
2 1 + PAB 20 то 21.8 37 1.00 0.82 31 дауѕ 160 PVOD "769 
3 | 7 mo 16.5 38 0.81 0.69 32 days 85 — E 
4 | 14 то 18.6 33 0.90 0.51 36 days 119 س‎ E 
5 I 22 mo 14.4* 49 1.00 0.52 63 days 190 AR, VSD | 
6 | + PAB 13 mo 18.9 43 0.88 0.79 32 days 85 PVOD ++ 
7 I 9 mo 19.1 33 0.80 0.40 38 days 120 — 4 
8 | + PAB, BT 18 mo 13:1? 37 1.12 0.53 28 days 89 AR. ^N 
9 I| + PAB 16 mo 16.5 46 1.00 0.57 39 days 152 — 0 E. 
* Relative anemia. n. 


Ао = aortic; AR = aortic regurgitation; BT = Blalock-Taussig shunt; Btw = between; C, R, S = complication, residua and sequelae; Hgb = he- — 
moglobin; Op = operation; PAB = pulmonary artery banding; РаО» = partial arterial oxygen pressure; PDA = patent ductus arteriosus; Postop 
= postoperative; Preop = preoperative; PS = pulmonary stenosis; PVCO = pulmonary venous channel obstruction; PVOD = pulmonary vascular 
obstructive disease; PVP — pulmonary ventricular pressure; SVP — systemic ventricular pressure; TR = tricuspid regurgitation; VSD = ventricular — 
septal defect; | = intact ventricular septum; Il = ventricular septal defect; — = none. ED. 
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normal values were calculated by the equations": LVEDV = $ 
72.5-BSA!43 and RVEDV = 75.1-BSA143, where BSA = body _ 
surface area (m2). In 5 patients, RVEF was measured both E. 
before and after the Senning procedure. df 

On the RV cine image of the Senning group, height and m 
width were determined on the anteroposterior view and an- _ 
teroposterior diameter was determined on the lateral view. m 
These dimensions were measured at end-diastole and end- _ 
systole, then the ratio of end-systolic to end-diastolic di- 


the Jatene procedure (Table I). Operative procedures were 
the original Senning procedure? and the Lecompte modifi- 
cation of the Jatene procedure, respectively. Ventricular 
septal defect was closed through the tricuspid orifice in either 
procedure. For myocardial protection, the Young solution was 
used for the Senning procedure and the glucose-insulin- 
potassium solution was added to it for the Jatene procedure. 
The aortic cross-clamp times for each patient are listed in 
Table I. 






From April 1979 to March 1984, the Senning procedure has 
been performed in 40 patients, with 2 operative deaths. Fifteen 
of the patients had a postoperative left heart angiogram, the 
quality of which was acceptable for the volume study; these 
patients comprised the Senning group. From August 1982 to 
February 1984, we performed the Jatene procedure on 14 
patients. Of 12 survivors, 9 underwent catheterization post- 
operatively and were included in this study. Postoperative 
catheterization was recommended to all patients after either 
the Senning or Jatene procedure. Only patients who agreed 
to undergo the study were included. Intervals between surgery 
and this study ranged from 25 days to 2 years (Table I). 
Postoperative pulmonary to systemic ventricular pressure 
ratio and complications, sequelae or residua after surgery are 
listed in Table I. The degree of aortic regurgitations was 
Seller's class 1 in all 3 patient. None had significant pressure 
gradients across anastomosed sites of the great arteries or 
electrocardiographic signs of myocardial ischemia. 

RV and LV volumes were determined angiographically by 
the methods reported by Graham et а1.!5!6 The largest and 
smallest volumes during a normal cardiac cycle were assigned 
to end-diastolic volumes (EDV) and end-systolic volumes, 
respectively. The EDV was expressed as percent of normal; 


mension was calculated (Fig. 1). For comparison, this ratio was _ 
also obtained in 10 patients with preoperative complete TGA 9 
and in 12 patients with apparently normal RV function (Table M. 
П). Although the ages of these 3 groups were not equally dis- __ 
tributed, we considered the comparison acceptable because i 
RVEF is not age-dependent.!9 Ж 

We used the Student ¢ test for statistical analyses. АП values | 


were expressed as a mean + standard deviation. 3 





Results 


Systemic ventricular volume characteristics: In + 
the Senning group, RVEDV was increased and RVEF — 
was decreased (p «0.01 vs normal [0.61 + 0.08]!7). - 
RVEDV was extremely large in patients with tricuspid _ 
regurgitation, whether or not a residual ventricular - 
septal defect was present (Fig. 2, Table III). In all 5 
patients for whom both pre- and postoperative data ‘i 
were available, RVEF was lower after the Senning 
procedure (Fig. 3). : 

In the Jatene group, the left ventricle was only 4 
slightly enlarged and LVEF was within the normal - 
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. FIGURE 1. Determination of the end-systolic/end-diastolic ratio. In the 
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TABLE Il Subjects for the Study of Dimensional Changes 





of the Right Ventricle 
Age 
No. (mean + SD) Diagnosis (n) 

3 . Preoperative complete TGA 10 0-15 mo Type | (8) 
E (8 + 4 mo) Type II (2) 
. Normal RV function 12 1-9yr VSD* (5 
et (5 + 2 yr) ASD* (1) 

PDA* (1) 

St ( 


PS! (2) 
2° AV block (3) 





* Left-to-right shunt <30%. 
Right ventricular pressure <50 mm Hg. 
ASD = atrial septal defect; AV = atrioventricular; RV = right ven- 


tricular; SD = standard deviation; other abbreviations as in Table |. 


| range (0.63 + 0.08),!7 except in the 3 patients who had 
| postoperative aortic regurgitation. Of these latter 3, 1 
~ patient (no. 5) also had a residual ventricular septal 
defect and 1 (patient 8) had generalized LV wall hypo- 
| kinesia of unknown cause. These З had large LVEDVs 
_ (Fig. 2, Table Ш). The LVEF was significantly higher 
` (p <0.05) in 5 patients who underwent the operation 


before age 16 months (0.68 + 0.04) than in the 4 older 
patients (0.53 + 0.07). 

. Pulmonary ventricular volume characteristics: 
In the Senning group, LVEDV and LVEF were not 


- different from normal except in the 3 patients (nos. 6, 
. 8and9) with pulmonary arterial hypertension who had 
. large LVEDVs. In the Jatene group, RVEDV and 
 RVEF were not different from normal in patients with 


no pulmonary hypertension. RVEDV was also enlarged 


_ with pulmonary hypertension in this group. Pulmonary 
. ventricular EF was decreased in patients with pulmo- 


nary hypertension regardless of the anatomic type of 


` ventricle (Fig. 2, Table III). 


End-systolic/end-diastolic ratio: This ratio of the 
anteroposterior diameter of the right ventricle in the 


Senning group (0.85 + 0.07) was higher (p <0.025) than 
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anteroposterior view of the right ventricle (left), the height and width 
were determined at end-diastole (B and b, respectively) and at end- 
systole (A and a, respectively). In the lateral view (right), the antero- 


. posterior diameter was determined at end-diastole (b’) and end-systole 
(a'). The ratios of A/B, a/b and a'/b' were then calculated to evaluate 
. the magnitude of the shortening of each dimension. 
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that in patients with preoperative complete TGA (0.78 
0.07) and in patients with a normal right ventricle 
(0.74 + 0.07). The height ratio was similar in all 3 
groups. The width ratio in both the Senning group (0.80 
+ 0.06) and preoperative complete TGA group (0.79 + 
0.06) was higher (p «0.005) than that in the normal RV 
group (0.69 + 0.06, Fig. 4). 


Discussion 


In patients who have undergone intraatrial repair for 
complete TGA, RVEDV is greater than normal and 
RVEF is decreased.!-7 Graham! stated that this de- 
pressed RV function results from preoperative hypox- 
emia and persistent RV hypertension. He suggested 
that hypoxic deterioration of the myocardium could be 
minimized by operating on such patients during early 
infancy." However, the data of Bailey et al” showed that 
RV function was depressed below normal even in pa- 
tients who had undergone the Mustard procedure at 
younger than age 1 month. This finding suggests that 
early surgery may not be effective in obviating RV 
dysfunction after intraatrial repair in these patients. 

As for the effect of persistent RV hypertension, 
Masden and Franch!? and Graham et al!? observed that 
in patients with congenitally corrected TGA, systemic 
ventricular function deteriorated with aging, indicating 
that the right ventricle has a limited capacity as a sys- 
temic ventricle.” In the present study, RV dysfunction 
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FIGURE 2. Ventricular volume characteristics after the Senning and 
Jatene procedures. Numbers indicate the patient number in each group. 
The hatched area indicates mean + standard deviation of normal 
ejection fraction (EF). EDV = end-diastolic volume. 
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FIGURE 3. Change in right ventricular ejection fraction (RVEF) after 


Senning procedure. post — postoperative; pre — preoperative; | — with 
intact ventricular septum; Il = with ventricular septal defect. 


in the groups with TGA was associated with a reduced 
shortening of the width of the ventricle (Fig. 4). The 
fiber orientation of the RV free wall is almost horizontal 
in the in situ position??? and appears to correspond to 
the same axis as the width. This suggests that RV hy- 
pertension increases an afterload to the muscle bundle 
of the RV free wall, causing a reduced shortening and 
consequently depressed pump function. 

During the autopsy examinations of patients who 
died from systemic ventricular dysfunction after the 
Senning procedure for complete TGA or the Rastelli 
procedure for congenitally corrected TGA complicated 
with anatomic LV outflow obstruction, we observed 
extensive tight adhesion of the RV free wall to the 
sternum and anterior chest wall, which appears to be an 
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TABLE 11 Volume Data 





Systemic Ventricle Pulmonary Ventricle 4 
—————— ÁM 
Pt. EDV (%) EF EDV (%) EF 
Senning Group | 
1 173 0.41 130 0.62 Y 
2 149 0.61 114 0.65 
3 148 0.52 138 0.62 
4 167 0.43 114 0.87 1 
5 121 0.50 — — 3 
6 188 0.32 240 0.28 А 
7 177 0.48 — — i 
8 146 0.56 210 0.52 2 
9 427 0.46 268 0.61 | 
10 133 0.50 101 0.58 
11 176 0.56 122 0.73 a 
12 138 0.36 62 0.55 7 
13 239 0.35 111 0.67 Mee 
14 188 0.51 — — a 
15 146 0.56 102 0.70 | 3 


Jatene Group 


1 170 0.58 91 0.88 

2 130 0.50 176 0.33 

3 145 0.71 115 0.50 3 
4 149 0.72 126 0.68 T 
5 185 0.59 157 0.42 1 
6 138 0.67 149 0.60 3 
7 108 0.63 117 0.61 | 
8 193 0.45 129 0.63 Я 
9 148 0.68 126 0.69 4 


EDV = end-diastolic volume (percent of normal); EF = ejection _ 
fraction; SD = standard deviation; — = not done. 


unavoidable postoperative sequela. This adhesion ob- _ 
viously restricted contraction of the RV free wall. The _ 
atria and posterior part of the heart was also involved 

in postoperative adhesion. Thus, fixation of both an- © 
terior and posterior parts of the heart restrict downward — 
movement of the tricuspid valve ring, one of the most 

important components in RV pump function.” This |. 
restriction may have been shown as the reduced short- 
ening of the anteroposterior diameter of the right ven- _ 
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tricle in the Senning group (Fig. 4). These adhesions 
could be related to the observations that preoperatively 
depressed systemic ventricular function was further 


. depressed after intraatrial repair for complete TGA 
(F ig. 3).97 


In contrast, the left ventricle is located posteriorly 


and free from adhesion to any hard tissue such as the 
sternum or chest wall, and it is the ventricle that is more 
structurally suitable to support high-pressure circula- 
tion. This study clearly demonstrates that the left 
_ ventricle is superior as a systemic ventricle as long 
as there are no apparent postoperative residua or 


complications. 
Borow et al!! reported that the LV contractile state 
was normal in patients who had undergone the Jatene 


procedure when younger than 1.5 years; however, it was 


depressed in patients who underwent operation at older 


. ages. Our data were generally in agreement with their 
- data. These observations indicate that early operation 
. could preserve normal LV function, although 3 of the 
.4 older patients in our study had 1 or more of the he- 
 modynamic complications listed in Table I, and one 


. may speculate that these complications or residua were 


. related to the somewhat low LVEF. 
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Analysis of Phase-Angle Histograms from Equilibrium 
Radionuclide Studies: Correlation with Semiquantitative 


Grading of Wall Motion 


G.B. JOHN MANCINI, MD, WALLACE W. PECK, MD, and ROBERT A. SLUTSKY, MD 


Quantitative wall motion assessment from gated 
radionuclide left ventriculograms using phase 
analysis was studied in 14 subjects (6 normal vol- 
unteers and 8 patients with previous acute myo- 
cardial infarction). The standard deviation and 
skewness of the phase-angle histograms were de- 
termined from both global and segmental left ven- 
tricular (LV) regions of interest (septal, apical and 
posterolateral). Studies were performed at rest, after 
administration of atropine and after combined ad- 
ministration of phenylephrine and atropine. Both the 
standard deviation and skewness showed significant 
correlations with semiquantitative wall motion 
scoring. From the global analyses, the highest cor- 
relations were found after atropine administration 
(r — 0.86, p «0.001 for standard deviation and r — 
0.72, p «0.001 for skewness). Nevertheless, dete- 
rioration in global wall motion scores correlated 
poorly with directional changes in standard deviation 
(г = 0.06, difference not significant) or skewness 


(г = 0.33, p <0.05). No significant correlation be- - 


tween skewness or change in skewness and wall 
motion scores were found with the segmental 


analyses. The maximal correlation between seg- - 


mental standard deviation and segmental wall mo- 
tion grading was again noted after atropine admin- 
istration (r — 0.68, p «0.001), but deterioration in 
grading did not correlate with similar deterioration 
of the standard deviation (r = —0.05, difference not 
significant). Based on 90% confidence limits for 
normal standard deviation and skewness, an ab- 
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normal standard deviation (> 14.5) identified 13 of - 
28 wall motion disorders (sensitivity 4696), whereas - 


an abnormal skewness (2 1.4) identified 1 of 28 wall 
motion disorders (sensitivity 496). In conclusion, the 
presently implemented methods of phase-angle 
analysis in clinical use are insensitive in charac- 


terizing wall motion disorders. This limitation is most - 


profound in the assessment of directional changes 
in wall motion. (Am J Cardiol 1985;55:535-540) 





The utility of quantitative analysis of regional wall 
motion by geometric techniques has been limited be- 
cause of the complexities of cardiac motion.!~ Recently, 
phase imaging of gated nuclear ventriculograms has 
been proposed as an alternative method of wall motion 
characterization through the fitting of the first har- 
monic of a temporal Fourier series to the periodic, 
time-activity curves spanning systolic and diastolic 
phases from each picture element of the left ventricle 
or its subsegments.9-!? The absolute phase and mean 
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phase angle, as well as the standard deviation, variance 


and skewness of the phase-angle histogram, have been 
proposed as indexes for quantitative classification of 
wall motion. Initial experience with the use of the 
standard deviation has been favorable in quantifying 
abnormalities that occur during exercise in patients 
with coronary disease.!4 However, several consider- 
ations suggest that this approach to phase analysis 
may be limited by both lack of sensitivity and speci- 
ficity.15-19 

In this study, we characterize wall motion from nu- 
clear angiograms by a semiquantitative technique and 
correlate these findings with quantitative phase-anal- 
ysis parameters to determine the relation between these 
2 methods in detecting and quantifying regional ven- 
tricular dysfunction. The purpose was primarily to de- 
termine the ability with which these quantitative phase 
parameters could characterize visually obvious regional 
dysfunction. 
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Methods 


The study was undertaken in 14 normotensive male vol- 


 unteers. Eight subjects, mean age 50 years (range 41 to 69), 


had had a transmural acute myocardial infarction at least 6 


. months earlier, as evidenced by historical, serum enzyme and 


. electrocardiographic criteria. No patient had evidence of 


valvular heart disease, peripheral vascular disease or con- 


. duction abnormalities on the electrocardiogram and none had 
_ ingested any medications except diuretics within 48 hours of 
_ the study. Six had anterior and 2 had inferior infarctions. The 


. other 6 subjects were control volunteers, mean age 36 years 


ау ioe ee > 


- (range 19 to 58), with no evidence of cardiovascular disease. 


А 19-gauge "butterfly" needle was inserted into a vein in 


the right arm for administration of medications. An 18-gauge 
intravenous cannula (Jelco) was introduced into a forearm 


. vein for blood sampling. A single-crystal gamma camera 


ja (Picker Dyna-Mo) fitted with a parallel-hole, general-purpose 
. collimator was then positioned over the subject’s chest wall 


. ina 45? left anterior oblique position, with 5 to 10° caudal tilt. 
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_ The camera position was then further adjusted, if necessary, 
` so that the image of the left ventricle was clearly separated 
_ from that of the right ventricle and the left atrium. Thereafter, 
_ the camera position remained unchanged. 


One lead from a surface electrocardiogram was continuously 


. displayed. A precise heart rate was obtained at each phase in 
the study from the number of cardiac cycles recorded by the 


gamma camera during a 5-minute, gated scintigram. Blood 


. pressure was measured in duplicate using a standard mercury 


sphygmomanometer from the right arm every 60 seconds 


{ during scintigraphy. 


The patient’s red cells were labeled in vitro with techne- 


_ tium-99m using the method of Smith and Richards.”° Briefly, 
_ 4 ml of venous blood were drawn into a heparinized syringe 
. and incubated for 5 minutes with freeze-dried stannous citrate 
ina sterile evacuated glass tube. The tube was then centri- 
_ fuged upside-down for 5 minutes at 1,300 g and the red cells 
. were carefully removed by needle aspiration through the 
- rubber stopper. Finally, the red cells were incubated in a 


= 


sterile tube that contained technetium-99m (Nuclear Phar- 
macy) for a further 5 minutes before the red cell suspension, 


` which contained 15 to 20 mCi of technetium-99m, was rein- 


jected by way of the butterfly needle to effect the blood pool 


` label. 





Procedure: The protocol has been described.?1-23 After the 


subjects were in basal hemodynamic state, a 5-minute, gated 


GLOBAL 


ay | APEX 


APEX 0.0 
“Же 
| POST 
0.0 
790.00) 269.3 


FIGURE 1. A left ventricular region of interest and the trisection of it 


_ into septal (SEPT), apical (APEX) and posterolateral segments (POST) 
and the corresponding phase-angle histograms. 
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equilibrium LV scintigram was obtained. Blood pressure was 
measured in duplicate each minute. Then, 1 mg of atropine 
sulphate (Abbott Laboratories) was injected intravenously 
over 1 to 2 minutes. This was done to minimize the barore- 
flex-mediated bradycardia in response to phenylephrine. After 
a further 10 minutes, scintigraphy and blood pressure mea- 
surements were repeated. 

Next, an 80 ug/ml solution of phenylephrine hydrochloride 
solution was infused. The infusion was commenced at 80 
ug/min and titrated to produce target increments in systolic 
pressures of 15, 30 and 45 mm Hg. When each level of pressure 
had been reached, it was held stable for 5 minutes while left 
ventricular (LV) scintigraphy was repeated. The heart rate 
was maintained within 6 beats/min of the value achieved after 
the administration of atropine by supplementary intravenous 
injections of atropine (0.1 to 0.3 mg) when necessary. 

Cardiac data analysis: Equilibrium radionuclide studies 
were processed using a general-purpose nuclear medicine 
computer (A? Medical Data Systems). Data recorded from 
each cardiac cycle during the 5 minutes of acquisition were 
divided into 54 equal time frames and integrated to construct 
a composite cardiac cycle in a 64 X 64 matrix. The raw data 
underwent frequency filtering (7-point temporal and 5-point 
spatial) before region assignments. Cardiac cycles that fell 
outside a +10% range of the RR interval were excluded to 
prevent distortion of the time-activity curve. 

The left ventricle was viewed in a continuous-loop format. 
Wall motion in the septal, apical and posterior regions was . 
assessed by 2 independent observers (Fig. 1) by the following 
semiquantitative approach: normal = 0, hypokinesia = 1, se- 
vere hypokinesia = 2, akinesia = 3 and dyskinesia = 4. (Hy- 
percontractility was not noted in this study.) The scores were 
collated and averaged to allow a gradation of scores in 0.5- 
point increments. A global wall motion score was derived from 
the sum of the averaged scores for all 3 segments. In 126 re- 
gional wall motion determinations (i.e., 3 regions assessed at 
rest, after atropine and after atropine and phenylephrine in 
14 patients), exact agreement in wall motion score was noted 
in 88 (69.8%) and did not differ by more than 1 grade in 
38 (30.2%). In these latter cases, wall motion scores were 
averaged. 

Phase analysis: Any time-varying periodic curve can be 
described by a temporal Fourier series, which consists of the 
sum of sine and cosine terms at a fundamental frequency (the 
first harmonic) and at multiples of the fundamental frequency 
(the higher harmonics). An LV volume curve plotted in the 
conventional manner (from end-diastole to end-diastole) has 
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FIGURE 2. Typical phase-angle histogram from a normal patient and 
the statistical analyses provided by the computer. The phase angles 
(abscissa) are plotted against the number of pixels (ordinate). 


TABLE! Comparison of Global Wall Motion Scores апа 
Phase Parameters After Atropine and 
Phenylephrine Plus Atropine 








Control Coronary 
Group Group 
After Atropine 
Wall motion scores he TT 3.02 2.5" 
Standard deviation 11.2 + 2.3 21.4 + 11.3* 
Skewness 0.1 ± 0.8 0.4 + 0.7 
After Phenylephrine + Atropine 
Wall motion scores 2.1 ± 1.4 4.8 + 2.8* 
Standard deviation 16.5 + 9.3 21.1 + 12.1 
Skewness 0.5 4 1.2 0.3 + 0.9 





* p <0.05 vs control group. 


a configuration that resembles a cosine function. The first 
harmonic cosine term alone is an approximation of the true 
volume curve. Similar reasoning can be applied to the time- 
activity curve for each pixel within the LV region. Thus, the 
time-activity curve of each LV pixel can be described by its 
phase and amplitude as f(t) = A cos (t + a), where f(t) = ac- 
tivity of any pixel as a function of time after the R wave; A = 
the amplitude of the fitted function, which is an index of the 
dynamic change in activity occurring in that pixel; and a = the 
phase of the cosine function, which is an index of the time- 
amplitude change of the activity curve relative to the R 
wave. 

The phase and amplitude of the first Fourier harmonic of 
the time-activity curve of each pixel in the field of view were 
computed. Functional images generated from this analysis 
included an average image (equivalent to the sum of all frames 
divided by the total number of frames), an amplitude image 
and a phase image. Global, septal, apical and posterior LV 
regions of interest were generated from the average image. By 
using the amplitude and phase functional images, care was 
taken to ensure that the regions did not encroach on the left 
atrium or extend beyond the LV borders. The LV phase his- 
tograms were generated by masking the original phase image 
with these LV regions of interest. These histograms consisted 
of a plot wherein the number of pixels within the left ventricle 
having any phase angle were plotted on the ordinate, and 
phase angle (ranging from —90 to 270) was plotted on the 
abscissa (Fig. 1 and 2). 

The LV phase histogram was characterized in terms of the 
standard deviation of the curve and its skewness. The stan- 
dard deviation of the curve is an index of the width of the LV 
phase histogram; thus, it is an index of the total magnitude 
of LV dyssynergy. Low standard deviations indicate relatively 
synchronous contraction, whereas high standard deviations 
are consistent with increasing amounts of LV dyssynergy. The 
skewness of the curve defines the symmetry or obliquity of the 
phase histogram characterized by a positive or negative tail. 
It is an index of the time at which (relative to mean LV con- 
traction) most of the asynchrony occurs. Pixels with early 
phase, as seen with early depolarization, contribute to cause 
a negative skewness of the histogram; pixels in tardokinetic 
segments cause positive skewness. 

Statistics: Correlations were made by linear regression 
analysis. Comparisons were made by the paired and unpaired 
Student t test. Analyses were considered significant if p <0.05. 
Sensitivity was defined as the number of segments with wall 
motion abnormalities identified by an abnormal phase pa- 
rameter divided by the total number of segments with wall 
motion abnormalities. 
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TABLE 1 Correlation of Global and Segmental Wall 
Motion Scores and the Standard Deviation and 
Skewness of the Phase Angle Histograms 








r p 
Global Analysis 
Control SD 0.68 «0.001 
Sk. 0.16 NS 
After atropine SD 0.86 «0.001 
Sk. 0.72 «0.001 
After phenylephrine + SD 0.65 «0.001 
atropine Sk. 0.58 «0.001 
All stages combined SD 0.72 «0.001 
Sk. 0.31 «0.05 
Change between atropine SD 0.06 NS 
and phenylephrine Sk. 0.33 «0.05 
stages 
Segmental Analysis 
Control SD 0.36 «0.05 
Sk. —0.08 NS 
After atropine SD 0.68 «0.001 
Sk. 0.08 NS 
After phenylephrine + SD 0.43 «0.01 
atropine Sk. —0.07 NS 
All stages combined SD 0.49 «0.001 
Sk. 0.06 NS 
Change between atropine SD —0.05 NS 
and phenylephrine Sk. —0.11 NS 


stages 


NS - not significant; SD — standard deviation; Sk. — skewness. у 


Results 


The global wall motion score was significantly worse | 
at rest in the patient group (4.1 + 2.3, mean + standard — 
deviation) than in the control volunteers (0.5 + 0.8, p 
« 0.01). Similarly, the standard deviation was greater — 
in the patient group (20.1 + 10.9 vs 9.5 + 1.8, p <0.05), 
but the skewness was not different (1.3 + 3.0 vs 0.1 + 0.6 
in the control group, difference not significant [NS]). - 

Table I is the comparison of these groups after atro- 
pine administration and after combined phenylephrine 
and atropine administration. (All data taken at heart 
rates within 6 beats/min.) In this instance, although the 
normal group showed some impaired global wall motion 
during the afterload stress of the phenylephrine infu- 
sion, the wall motion remained worse in the patient 
group (wall motion socres of 2.1 + 1.4 and 4.8 + 2.8, re- 
spectively, p «0.05). Nevertheless, the skewness was not 
different. Although the standard deviation was larger 
in the patient group after atropine (p <0.05), the values 
during phenylephrine infusion could not distinguish the 
2 groups (21.1 + 12.1 in the patient group vs 16.5 + 9.3 
in the control group, NS). 

Table II shows the correlation of wall motion scores 
with standard deviation and skewness of the phase- 
angle histograms. The highest correlations were found 
after atropine administration between the standard. 
deviation and the wall motion scores, both in the global 
analysis (r = 0.86, p <0.001) and segmental analysis (т 
— 0.68, p «0.001). The skewness, changes in skewness 
and changes in standard deviation correlated poorly or 
not at all with changes in wall motion grades. 

Using all data from all patients, the correlations for 
the global (n = 42) and segmental analyses (n = 126) are 
shown in Figure 3. Once again, over the wide range of 
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. mental analyses, respectively) and very poor for the 
_ skewness (r = 0.31, p «0.05 and r = 0.06, NS for the 
E global and segmental analyses, respectively). 

- . To assess the value of these variables in assessing 
" individual regional wall motion disturbances, 90% 
` confidence limits were developed from all normal seg- 













ments in the control state (n = 20) and postatropine 


stage (n = 23). All normal segments were used to de- 
termine these limits because there were no significant 
differences between the statistical parameters of the 
normal segments in the control group and the normal 
segments in the coronary group.!! In detecting visually 
appreciated wall motion abnormalities, the highest 
sensitivity (44%) was with the standard deviation after 
atropine (Table IIT). 
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. FIGURE 3. Correlations for the global (n — 42) and segmental (n — 126) analyses. 
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TABLE Ill Detection of Wall Motion Abnormalities by Application of Phase Analysis 
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Parameters to Control and Atropine Stages 


Normal 
Segmental 
SD 
Control (n = 20) 8.0 + 2.4 
After atropine 8.7+3.5 
(n = 23) 
Normal 
Segmental 
Skewness 
Control (n = 20) —0.2 £ 0.6 — 
After atropine —0.1+0.9 — 
(n = 23) 


EM VEL. MEEEEE———————————"——Áí————— ЕА 


* Number of wall motion disorders with the same lowest wall motion score that were detected by ap- 


plication of the phase parameters. 


Score. 


'The abnormal criteria developed from the postatro- 
pine stage (standard deviation 714.5, skewness >1.4) 
were applied to the histograms of the phenylephrine 
stage to determine abnormal wall motion compared 
with visual inspection. The standard deviation was the 
most sensitive parameter, but it detected only 13 of 28 
wall motion abnormalities (46%). An abnormal skewness 
parameter detected only 1 of 28 wall motion abnor- 
malities (4%). 


Discussion 


This study demonstrates that there is a general cor- 
relation of the standard deviation and skewness of 
phase-angle histograms with global and regional wall 
motion, but that these variables are not uniformly ad- 
equate in identifying regional abnormalities that can 
be detected visually. In particular, changes in wall mo- 
tion scores were not well reflected by changes in the 
standard deviation or skewness of the phase-angle 
histograms on either a global or regional basis. 

Although the results of this study appear to be di- 
rectly contrary to recent reports,9-!^ a closer examina- 
tion reveals that this is not necessarily so. Ratib et al!4 
recently reported the use of phase analysis (standard 
deviation) in the evaluation of patients with coronary 
artery disease and valvular heart disease. They report 
that 95% of patients had an abnormal standard devia- 
tion during exercise, whereas only 86% had an abnormal 
ejection fraction response or an exercise-induced wall 
motion abnormality. These results must be tempered 
by several observations. Eleven of 37 coronary patients 
(30%) had an abnormal (<50%) ejection fraction at rest. 
Furthermore, 76% of them had an abnormal standard 
deviation before exercise. In the absence of either a wall 
motion analysis at rest or some other parameter of 
systolic function at rest, the reasons for the markedly 
abnormal standard deviations at rest must remain 
speculative, and the true additional value of phase 
analysis in detecting patients with coronary disease 
during exercise cannot be defined. Moreover, there were 
only 7 patients with both a normal ejection fraction at 
rest and standard deviation. Although all 7 had an ab- 
normal exercise standard deviation as defined by the 
investigators, only 6 of 7 showed an actual deterioration 


Sensitivity E 

for Ја 

90% Detection Lowest WMS = 

CL of WMA Detected (n*) = 

4.1 — 12.0 9/22 (41%) 0.5 (1/5) | 

2.9 — 14.5 8/18 (4496) 1.0 (2/5) | 
1.2 — 0.9 2/22 (996) 1.0 (1/5) 

1.4 — 1.4 0/19 ат 


CL = confidence limits; SD = standard deviation; WMA = wall motion abnormalities; WMS = wall motion 3 


(increase) of this variable, whereas all 7 had abnormal \ 
ejection fraction responses and 5 of 7 had an exercise - 
wall motion abnormality. Thus, in this important | 
subgroup, phase analysis was less sensitive than the - 
ejection fraction response and only marginally better ; 
than the subjective assessment of exercise-induced wall © 
motion disorders. This group and others propose that — 
the directional change in the standard deviation can be 
altered by factors other than increased asynchrony of 
contraction. For example, at increased heart rate the - 
relative time of diastole diminishes, and even if the - 
delay between the onset of contraction of 2 separate - 
pixels remains the same, the relative delay is longer - 
because of the shorter cardiac cycle. This produces an — 
increased standard deviation. Synchronicity may even | 
improve with exercise?4 as the delay in onset of wall 
motion among different pixels decreases. Thus, the 
standard deviation may diminish. Either mechanism 
can predominate in both normal and abnormal subjects. - 
'T'his fact alone makes the interpretation of changes in 
standard deviation in individual patients rather difficult — 
and tenuous. Furthermore, the present investigation 
demonstrates that even at similar heart rates (assess- 
ment within 6 beats/min during the atropine and 
phenylephrine plus atropine stages), the directional. 
changes in standard deviation and skewness did not 
reflect clear, visual deterioration in regional wall motion. 
More recently, other investigators!6!" have noted а 
relative lack of significant improvement in detection of 
patients with coronary disease when phase variables 
were added to global ejection fraction responses during 
exercise. 

Phase analysis is insensitive for the detection of mild 
wall motion abnormalities. In the study of Botvinick et 
а]! analysis of phase-angle delay showed a marked 
overlap between normal and hypokinetic segments such 
that only the minority of these segments could be ob- 
jectively and quantitatively distinguished. Similarly, 
Cardot et al!? could identify only 82% of hypokinetic 
segments and, more important, only 76% of akinetic and 
dyskinetic segments were detected by these techniques 
compared with contrast left ventriculography. Walton 
et all? also compared phase-analysis results with con- 
trast ventriculographic results and identified only 3 out 


oV 


|. of 8 hypokinetic segments. Pavel et al? showed that the 
_ phase lags of З of 6 hypokinetic segments overlapped 
_ with similar lags in normal segments and that only 1 of 


ay 


5 akinetic segments had a higher phase lag than the 
hypokinetic segments. Fourier phase analysis was only 


60% sensitive in detecting wall motion abnormalities 


noted on contrast cineventriculograms by Adam et al 
and Tarkowska et al. The correlations of the standard 


deviation and skewness parameters noted in the current 


study are similar to those reported by Vos et al,!? who 
also used a semiquantitative method to designate wall 
motion abnormalities. 

One may argue that phase-angle analysis should not 
be expected to reflect wall motion disorders because it 


is strictly a measure of synchronicity of contraction.!4 


However, synchronicity and wall motion disorders show 
a strortg interdependency.?! Moreover, in an interesting 


application of phase analysis provided by Frais et al, 


the standard deviation of the phase-angle histograms 


- from the left ventricle of normal patients and those with 
left or right bundle branch block were indistinguishable. 
Hence, the ability of this phase variable to distinguish 


even this degree of asynchrony is questionable. 
Apart from the limitations of this technique as 


demonstrated through the clinical applications outlined 


herein such analyses may fail for several theoretical 
reasons. First, curve fitting is probably most inaccurate 


in those areas of greatest interest, that is, areas with low 


amplitude of excursion and areas that make up the 


` edges of the ітаре.!5!6227 The counts in the edge of a LV 


image may show a “bottoming out" phenomena as а 


result of inward systolic motion away from a particular 


pixel. This will create a more squared-off time-activity 
curve which will not be adequately described by a single, 


first harmonic curve fit. Rotational or translational 


motion of the heart may also alter the time-activity 


curves in individual pixels, such that the true amplitude 
and phase of contraction are not adequately reflected.!6 


‘Second, the parameters such as mean phase angle, 
standard deviation and skewness provide single number 
“summaries” for a large number of statistical events. 


For these variables to change detectably, large changes 
in the populations of individual events that they de- 
scribe are required. Thus, it is not surprising that such 
analyses cannot reliably discern small areas of hypoki- 


mesia, because the statistical events from these few 
pixels are overwhelmed by the large population of more 


normal pixels. Segmental analyses may be expected to 
overcome this limitation, but this study and others show 
that this approach is not adequate to overcome them 
fully.!? Swiryn et al?? argue that the phase image is a 
2-dimensional projection of 3-dimensional events, so 
that a normal LV region overlying an abnormal region 
may combine to produce normal or only minimally ab- 


normal phase variables. These limiting features were 


discussed by Bacharach et al!®.29 and Wendt et al,!© who 


also provide alternate methods for analyzing such 
parametric images to improve sensitivity. It is antici- 


pated that the value of phase analysis can be increased 
by the application of such sophisticated computer algo- 
rithms for the generation and analysis of these images. 
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Value and Limitations of Radionuclide Angiography 
in Determining the Cause of Reduced Left Ventricular 
Ejection Fraction: Comparison of Idiopathic Dilated 
Cardiomyopathy and Coronary Artery Disease 


JOSHUA M. GREENBERG, MD, JUDITH H. MURPHY, MD, ROBERT D. OKADA, MD, 
GERALD M. POHOST, MD, Н. WILLIAM STRAUSS, MD, and CHARLES A. BOUCHER, MD — 


The radionuclide angiograms of 59 patients with a 
left ventricular (LV) ejection fraction (EF) « 0.40, 
23 with idiopathic dilated cardiomyopathy (IDC) and 
36 with coronary artery disease (CAD) were ana- 
lyzed to assess the usefulness of radionuclide an- 
giography in distinguishing these conditions. Mean 
right ventricular EF was lower in the IDC group than 
in the CAD group, 0.31 vs 0.45 (p <0.01). LV wall 
motion was scored from 3 (normal) to —1 (dyski- 
nesia). The incidence of akinesia was similar in IDC 
and CAD groups, 7096 and 83%, respectively. 
Dyskinesia was more common in the CAD group 
(42% vs 17 96), but the difference was not statisti- 
cally significant. Segmental wall motion analysis 
showed similar patterns of wall motion in both 
groups, with contraction best preserved in the an- 
terobasal, posterobasal and superolateral segments. 
Patients in the CAD group had worse apical motion 
(p <0.01) and better wall motion in the anterobasal 


(p <0.05) and superolateral walls (p «0.01), 
compared with patients in the IDC group. To assess - 
symmetry of contraction, a maximum difference 
score was derived for each patient. Symmetry (a 
score less than 1) was present in 5 IDC and no CAD 
patients, whereas asymmetry (a score of 2 or more) 
was present in 27 CAD and 7 IDC patients (p <0.01). 
Wall motion became more symmetric in both groups 
when LVEF was less than 0.20. Logistic regression - 
analysis revealed that the maximum difference - 
score was the best predictor of the diagnosis, but 
only because of better separation at the extremes 
of maximum difference score values. Thus, because 
of the wide range of radionuclide ventriculographic 
abnormalities in both disorders, the pattern of re- 
gional wall motion should be used cautiously to 
distinguish a reduced EF caused by IDC from that 
caused by CAD. 

(Am J Cardiol 1985;55:541-544) 





Idiopathic dilated cardiomyopathy (IDC) and coronary 
artery disease (CAD) may cause severe left ventricular 
(LV) dysfunction with LV dilation and reduction in LV 
ejection fraction (EF). The clinical distinction between 
these 2 entities may be difficult. Patients with IDC may 
have chest pain or electrocardiographic changes sug- 
gestive of CAD, whereas patients with severe LV dys- 
function owing to CAD may present with congestive 


heart failure without a classic history of angina pectoris 
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or evidence of electrocardiographic ischemia or infarc- 
tion.!-4 Before noninvasive imaging methods, the study 
of LV wall motion by contrast left ventriculography was 
usually accompanied by coronary angiography, per- 
mitting differentiation between IDC and CAD. Radio- 
nuclide angiography is being widely used to assess LV 
wall motion in such patients. In the absence of coronary 
angiography, certain features of the radionuclide an- 
giogram have been used to help distinguish these con- 
ditions. Homogeneously reduced LV wall motion is 
believed to suggest IDC, whereas inhomogeneity or 
actual dyskinesia is believed to suggest САР. The ex- 
tent to which the findings considered typical of 1 disease 
are reliable in separating IDC from CAD has not been 
clarified. This study characterizes the spectrum of ab- 
normalities seen on radionuclide angiography in IDC 
and CAD, defines the most reliable predictors for dis- 
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ted. Dyskinesia was defined аз а score less than —0.5 and ak- 
inesia was a score between —0.5 and 0.5. 


tinguishing IDC from CAD on radionuclide angiogra- 
_ phy, and determines the effect of worsening LVEF on 


_ the symmetry of LV wall motion for either disorder. 


E Patients: Fifty-nine patients with a LVEF «0.40 by rest 
gated blood pool scan were studied. Coronary anatomy was 
. documented by coronary angiography in 57 and postmortem 
examination in 2. Significant CAD was defined as more than 
50% diameter luminal narrowing in one or more major coro- 
pay arteries. The IDC group consisted of 23 patients, 18 men 
and 5 women, mean + age of 44 + 14 years (+ standard de- 
- viation). Eight of the 23 underwent right ventricular biopsy, 
which revealed a combination of inflammatory cells and fi- 
brosis in all 8. None had evidence of sarcoid, hemochroma- 
tosis, or other infiltrative process. The CAD group consisted 
_ of 36 patients, 32 men and 4 women, mean age of 59 + 9 years. 
"Twenty*five patients had 3-vessel CAD, 10 had 2-vessel CAD, 
and 1 had isolated left anterior descending CAD. Prior myo- 
cardial infarction was evident in the anterior wall in 19, infe- 
rior wall in 8 and both walls in 6. 
. Radionuclide angiography: After labeling of red blood 
cells, supine images at rest were acquired in the anterior and 
left anterior oblique projection that best displayed the in- 
_terventricular septum from base to apex (45 to 50°) 7 LVEF 
was determined using a semiautomatic program (MUGE, 
Medical Data Systems).’ Right ventricular EF was calculated 
from the left anterior oblique view using the method of 
-Maddahi et al.^8 The 2 standard deviation lower limit of 
‘normal in our laboratory is 0.38.7 
.. Regional wall motion was scored using a previously reported 
‘semiquantitative method.?.1? The LV was divided into 5 equal 
regions. On the anterior view, the regions clockwise were an- 
terobasal, anterolateral, apical, inferior and posterobasal. On 
the left anterior oblique view, the regions counterclockwise 
жеге basal septal, apical septal, apical inferior, posterolateral 
and superolateral. Each region was graded on a 5-point scale, 
from —1 (dyskinesia) to 3 (normal), with half grades permit- 
» 1 
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FIGURE 1. Individual right ventricular ejection fraction (RVEF) values 
for the idiopathic dilated cardiomyopathy (IDC) and coronary artery 
disease (CAD) patients. Horizontal line represents the mean value in 
each group. The mean RVEF (+ standard deviation for the IDC group, 
0.31 + 0.11, was lower than that for the CAD group, 0.45 + 0.14 (p 
<0.001). This was because of a larger number of RVEF values in the 
normal range in the CAD group. Nevertheless, there was substantial 
overlap between the values. 


The difference between the highest and lowest of the 10 
regional scores in each patient was calculated as an index of 
wall motion symmetry and was termed the “maximum dif- 
ference score.” For example, a patient with scores of 1 in all 
segments had a maximum difference score of 0, whereas a 
patient with a highest score of 1.5 in the anterobasal region 
and a lowest score of —1 at the apex had a maximum difference 
score of 2.5. A maximum difference score between 0 and 0.99 
was considered symmetric wall motion. Higher scores indi- 
cated more asymmetric contraction. 

The ventricular septum was considered separately, because 
factors other than a primary contraction abnormality can alter 
septal motion. This occurred in 5 patients with left bundle 
branch block (2 with idiopathic dilated cardiomyopathy and 
3 with CAD). To eliminate distortion of the maximum dif- 
ference score in these 5 patients, a negative septal score was 
not permitted as the lowest score in the calculation of the 
maximum difference score for any patient. The next low- 
est score from a region other than the septum was used 
instead. 

Statistical analysis: Group values were compared using 
a 1-way analysis of variance followed by a Newman-Keuls 
multiple-comparison test. A Fisher exact test was used to 
compare frequency data. A stepwise logistic regression anal- 
ysis (BMDPLR, Health Services Computing Facility, Uni- 
versity of California, Los Angeles) was performed to determine 
the variable that best separated idiopathic dilated cardio- 
myopathy from CAD patients. 


Results 


Left ventricular ejection fraction: The mean 
LVEF was similar in the IDC and CAD groups, 0.23 + 
0.08 and 0.24 + 0.08, respectively. Of 23 IDC patients, 
13 (56%) had LVEFs greater than 0.20; of 36 CAD pa- 
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MAX/MUM DIFFERENCE SCORE 


FIGURE 2. Distribution of maximum difference scores in idiopathic 
dilated cardiomyopathy (IDC) and coronary artery disease (CAD) patients 
and the number of patients with left ventricular ejection fractions (LVEF) 
of more than 0.20 and 0.20 or less in each group. IDC patients were 
more likely to have a lower maximum difference score, with the sep- 
aration being most dramatic at the extremes of maximum difference 
scores less than 1 and 3 or more. Of 21 patients with an LVEF of 0.20 
or less, 16 (76%) had maximum difference scores of less than 2, 
whereas of 38 patients with an LVEF of more than 0.20, 9 (24%) had 
maximum difference scores of less than 2 (p <0.001). This relation was 
similar in IDC and CAD patients. 
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tients, 25 (69%) had LVEFs greater than 0.20 (difference 
not significant [NS]). 


Right ventricular ejection fraction: The mean 
right ventricular EF for the IDC group 0.31 + 0.11, was 
lower than that for the CAD group, 0.45 + 0.14 (p 
<0.001). Fewer IDC patients had a normal right ven- 
tricular EF (>0.38) than did CAD patients, 22% vs 69% 
(p <0.05) (Fig. 1). Patients with IDC were more likely 
than those with CAD to have a right ventricular EF 
within 0.05 of the LVEF value: 12 of 23 (52%) in IDC 
group and 7 of 36 (19%) in the CAD group (p <0.01). 

Regional wall motion: The overall pattern of wall 
motion scores was similar in both groups (Table I). Wall 
motion was least impaired in the free wall or basal re- 
gions of the heart. Scores in the anterobasal, postero- 
basal and superolateral segments were better than those 
of the other segments in the same view. Wall motion was 
most reduced in the apical regions in both views and in 
both groups. In the CAD group the mean scores were 
higher in the anterobasal and superolateral segments 
and lower in the apex than in the IDC group. Akinesia 
and dyskinesia occurred in 70% and 17%, respectively, 
of patients in the IDC group which is similar to their 
rate of occurrence in patients in the CAD group (83% 
and 42%, respectively). 

Maximum difference scores: The maximum dif- 
ference scores were distributed differently between the 
2 groups (Fig. 2). Sixteen of 23 IDC patients (70%) vs 9 
of 36 (25%) CAD patients had maximum difference 
scores of less than 2 (p <0.001). However, symmetric 
wall motion (maximum difference score less than 1) 
occurred in 22% of the IDC patients and in no CAD 
patient. Markedly asymmetric contraction (maximum 
difference score of 3 or more) occurred in 36% of the 
CAD patients and in only 1 IDC patient. 

The relation between maximum difference score and 
LVEF is shown in Figure 2. In both IDC and CAD 
groups, there was a similar tendency for wall motion to 
be more frequently asymmetric in patients with an 
LVEF of more than 0.20 and more symmetric with a 
lower LVEF. In the IDC group, all 7 patients (100%) 
with maximum difference scores of 2 or more had 
LVEFs of more than 0.20, compared with 6 of 16 pa- 
tients (38%) with maximum difference scores of less 
than 2 (p <0.01). In the CAD group, 22 of 27 patients 
(81%) with maximum difference scores of 2 or more had 
an LVEF of more than 0.20, compared with 3 of 9 (33%) 
with maximum difference scores of less than 2 (p 
<0.05). 

Of all the variables, logistic regression analysis re- 
vealed that the maximum difference score was the single 
best predictor of the diagnosis of IDC vs CAD. A prob- 
ability equation was derived that described the relation 
of the maximum difference score to probability of the 
diagnosis of CAD: 


еЗ:38 — (1.84 X max. diff. score) 
1- 1 + еЗ:38 — (1.84 X max. diff. score) 
Figure 3 shows the curve that depicts the probability of 
CAD for specific maximum difference scores. As ex- 
amples, maximum differences of 0, 1, 2 and 3 were as- 
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TABLE! Segmental Wall Motion Scores 





IDC CAD | 
Segment (n = 23) (n= 36) pValue . 
Anterior view 
Anterobasal 1.50 + 0.61 1.92 + 0.74 <0.05 
Anterolateral 0.99 + 0.73 0.84 + 0.61 NS 
Apical 0.47 + 0.61* 0.19 + 0.46 <0.01 
Inferior 0.81 +0.48 0.88 + 0.62 NS 
Posterobasal 1.13 ± 0.59 1.49 + 0.70 NS 
Left anterior oblique view : 
Basal septal 0.59 + 0.60! 0.76 + 0.81 № 
Apical septal 0.72+0.63t 0.44 + 0.67 NS 
Apical inferior 0.51+0.73t 0.22+0.69' NS — 
Posterolateral 1.19 + 0.68 1.20 + 0.56 NS os 
Superolateral 1.59 +± 0.68 2.142 0.70 <0.01 : 
* 






* p «0.01 compared with the other segment scores іп anterior view; _ 
t p «0.01 compared with the posterolateral and superolateral segment - 
scores in the left anterior oblique view. nex 
CAD = coronary artery disease; IDC = idiopathic dilated cardio- . 
myopathy; NS = not significant. . M 


.- 


sociated with probabilities of CAD of 0.03, 0.18, 0.57 and | 
0.90, respectively. The corresponding actual occurrence . 
of CAD with maximum difference scores of 0 to 0.99, 1 
to 1.99, 2 to 2.99 and 3 to 3.99 was 0%, 45%, 70% and 93%, | 
respectively (Fig. 2). x 






Discussion Ens ec 

xn 

IDC is typically a diffuse disease,!! whereas CAD is _ 

a regional disease. Therefore, certain premises con- 3 
cerning regional contraction in these disorders have - 
been developed. In IDC, the left ventricle is thought to- 
be symmetrically hypokinetic, with areas of akinesia v 
and dyskinesia being uncommon. In contrast, the hall- | 
mark of CAD is thought to be differences in regional 3 
wall motion.!2 However, regional contraction abnor- | 
malities may occur іп IDC,!3 and patients with ischemic — 
cardiomyopathy may present clinically with a pre- - 
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PROBABILITY OF CAD 


FIGURE 3. Relation between the probability of coronary artery disease 
(CAD) and the maximum difference score for the 8 possible maximum _ 
difference scores of 0 to 4, with half grades permitted. At the extremes 
(maximum difference scores less than 1 or at least 3), IDC vs CAD could 
be reliably inferred. In the middle range, the probability of CAD was near — 
0.50. ! 
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dominant finding of congestive heart failure without a 
- history of chest pain or myocardial infarction.1415 The 
| purpose of this study was to clarify the spectrum of ra- 
_dionuclide angiographic abnormalities in these 2 disease 
. processes. 
. Associated right ventricular dysfunction: The 
‘right ventricular EF is higher and more often in the 
normal range in patients with CAD than in those with 
IDC for a similar LVEF range. However, a normal right 
ventricular EF occurred in 22% of IDC patients, which 
‘suggests that IDC may not appear to involve both ven- 
tricles diffusely in every patient. Alternatively, the right 
ventricular EF may be too insensitive to detect right 
ventricular involvement. However, an abnormal right 
ventricular EF was noted in 34% of patients with CAD, 
and this could be due to right ventricular infarction or 
to increased afterload on the right ventricle from pul- 
‘monary hypertension resulting from left-sided failure. 
Because of significant overlap, use of this criterion alone 
to distinguish these entities is unreliable in an individual 
patient. 
— Symmetry of left ventricular wall motion: The left 
ventricle in IDC may not have symmetrically reduced 
wall motion. Wall motion in the septum and apex was 
worse than for other regions. There are a number of 
possible explanations for this finding. First, some cases 
of IDC, like CAD, may be regional processes that pref- 
erentially affect the septum and apex. This explanation 
is speculative because pathologic analysis of the left 
ventricle was not performed as part of this study. Sec- 
ond, geometric and physical factors may account for the 
regional differences in contractions. The apex may be 
thinner and therefore less able to tolerate the added wall 
stress associated with LV dilation than basal portions 
of the left ventricle. Septal motion is also related to 
function of the right ventricle. Since the right ventricle 
is often affected in IDC, right ventricular dysfunction 
may account for worse motion in the septum than in the 
LV free walls, even if the disease process is symmetric 
in its distribution. 

The incidence of akinesia or dyskinesia in patients 


with IDC compared to those with CAD was not signifi- - 


cantly different. Because of the regional nature of CAD, 
one would anticipate regions of akinesia and dyskinesia 
to be common. Our data suggest that akinesia and 
dyskinesia are not specific for CAD and that IDC may 
manifest in a similar fashion. 
. Maximum difference scores: Significant group 
differences exist in the distribution of maximum dif- 
ferences in CAD and IDC. No patient with maximum 
difference scores of less than 1 had CAD and 13 of 14 
patients with maximum difference scores of 3 or more 
had CAD. However, in the mid range of maximum dif- 
ference scores (1 to 3), the frequency of IDC vs CAD was 
similar. Therefore, totally symmetric wall motion tended 
to be specific but not sensitive for IDC and markedly 
asymmetric wall motion tended to be specific but not 
sensitive for CAD. Most patients had mild or moderate 
asymmetry, which could be associated with either cause. 
One limitation of our study was that a left posterior 
oblique view was not obtained. This view would have 
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helped to assess the inferior, posterior and basal walls 
and might have unmasked more asymmetry in some of 
the CAD patients. However, it would not have altered 
the finding of asymmetric wall motion in some IDC 
patients. 

Most of the asymmetric motion in both IDC and CAD 
occurred in patients with an LVEF of more than 0.20. 
As LVEF decreased, regional contraction became more 
symmetric for both IDC and CAD. This is likely because 
such marked reductions in LVEF only occur when wall 
motion diminishes markedly in all regions. 

Of all the criteria analyzed in the logistic regression 
analysis, the maximum difference score was the best 
predictor of the correct diagnosis and no other predic- 
tors were significant once the effect of the maximum 
difference score on prediction of diagnosis was removed. 
At the extremes of maximum difference scores the test 
has good predictability, but in the middle range of scores 
it is less reliable in distinguishing these entities (Fig. 2). 
Based on our data, caution should be exercised when 


radionuclide angiography alone is used to distinguish 
IDC from CAD. 
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Sensitivity of Electrocardiographic Criteria for 
Left Ventricular Hypertrophy According to Type 
of Cardiac Disease 
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The sensitivity of 30 electrocardiographic criteria 
for left ventricular (LV) hypertrophy, isolated or 
combined, was examined to determine the relation 
to the underlying disease. Patients with coronary 
artery disease (CAD), systemic hypertension, val- 
vular heart disease and cardiomyopathy were 
evaluated. A cardiac partition technique was used 
to define ventricular hypertrophy. Single electro- 
cardiographic criteria often showed high sensitivity 
for 1 disease state, but not for others. Precordial 
voltage criteria were most sensitive for those with 
hypertensive and valvular disease. A QRS axis of 
more than —30? occurred most often in patients with 
CAD. Both left atrial abnormality and abnormal T- 
wave inversion of more than 1 mm in Vg occurred 


with a high sensitivity in general; however, T-wave 


4 


inversion of more than 1 mm in Vg had a low sensi- — 
tivity in cardiomyopathy. Methods using combina- 


tions of various electrocardiographic criteria im- 


4 


proved sensitivity. Using these methods, sensitivity — 


of the electrocardiogram for LV hypertrophy was - 


excellent for patients with systemic hypertension - 
and valvular heart disease and acceptable by usual - 


standards for patients with CAD and cardiomyopa- 


thy. Because the use of a single criterion is often - 


ineffective, methods using multiple electrocardio- 


graphic criteria to detect LV hypertrophy are rec- - 
ommended when the patients under study have - 


diverse cardiac diseases. 


(Am J Cardiol 1985;55:545-549) - 





In using the electrocardiogram to diagnose left 
ventricular (LV) hypertrophy, variability in sensitivity 
of recommended criteria is a major problem.!-? Criteria 
include voltage of selected limb or precordial leads, in- 
trinsicoid deflection of the QRS, duration and axis or- 
ientation of the QRS, abnormalities of the ST segment 
and T wave, and left atrial abnormality.? Because these 
criteria represent a broad spectrum of electrocardio- 
graphic abnormalities, it is reasonable to assume that 
the explanation for variation in sensitivity is complex. 
In addition, prior studies are compromised because of 
the lack of consistent and careful definition of patho- 
logical evidence of LV hypertrophy.!* This study 
examines the relation of the cardiac disease to the 
sensitivity of electrocardiographic criteria for 
LV hypertrophy, either isolated or combined, as de- 
fined morphologically by means of a cardiac chamber 
technique. 


From the Veterans Administration Medical Center and the Department 
of Medicine, University of Arkansas for Medical Sciences, Little Rock, 
Arkansas. Manuscript received July 29, 1984; revised manuscript re- 
ceived October 29, 1984, accepted October 30, 1984. 

Address for reprints: Marvin L. Murphy, MD, John L. McClellan Me- 
morial Veterans Hospital (111B), 4300 West 7th Street, Little Rock, 
Arkansas 72205. 


Methods 


Pathologic methods: From 1966 to 1979, 3,202 autopsies 
were performed at the Little Rock Veterans Administration 
Medical Center. Of these, 513 (12.5%) had a special cardiac 
examination using the techniques of Schlesinger? and Reiner 
et al.9 The former allows a quantitation of the extent of cor- 
onary artery disease (CAD) and the latter quantitation of LV 
and right ventricular mass. This process consisted of selective 


injection of the coronary arteries with a radiopaque mass, after · 


which the heart was “unrolled.” The specimen was then x- 
rayed and the coronary angiogram used to assist dissection. 
Maximal narrowing of the coronary arteries were routinely 
noted on a schematic. After formalin fixation, epicardial fat, 
valves and blood vessels were removed. Atria were separated 
from ventricles. The right ventricle was dissected from the left 


ventricle, and the septal mass that had been removed in the - 


unrolling was routinely weighed with the left ventricle. 

Based on our experience, we determined the upper 97.5th 
percentile for the weight of the left ventricle and right ven- 
tricle from patients free of cardiopulmonary disease." On this 
basis, LV hypertrophy was determined to be present when its 
mass was more than 171 g and right ventricular hypertrophy 
was determined to be present when its mass was more than 
62 g. Combined hypertrophy was present when both left and 
right ventricles exceeded these values. 

Study group: Acceptable clinical records, satisfactory 
pathologic data, and technically acceptable electrocardio- 
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TABLE! Clinicopathologic Data of Patients with Left or Combined Ventricular 

Hypertrophy 

ea Зс ала Nepal کا م ا‎ a A RE 
ү CAD Valvular Hypertension Cardiomyopathy 
$ (n = 51) (n = 24) (n = 9) (n = 10) 
A Age (уг)* 59 + 10 59 + 16 65+ 16 53 + 17 
Ey Ponderal index * 12.8 + 0.6 12.5 + 1.0 13.2 + 1.0 12.9 + 1.3 
E E. weight OFF 222 + 93 287 + 63 249 + 50 А 292 + 88 
В. iventricular چم‎ 
" hypertrophy (96) 43 33 90 
| CHF (96) 45 44 80 
f * Values are mean + standard deviation. 

t p <0.01 


, | САО = согопагу artery disease; CHF = congestive heart failure; LV = 


grams were available on 381 men. Left or right bundle branch 
` block in 46 patients and 12 patients with a QRS interval >0.12 
second were excluded. No patients with congenital heart 
disease and mitral stenosis were included because of small 
numbers. We excluded 48 patients who were classified as free 
pr cardiopulmonary disease? and 67 patients with chronic 
obstructive lung disease. The remaining 208 patients were 
categorized into cardiac disease states as previously 
 defined.9? 
; Seventy-six of the 208 patients had multiple cardiac diag- 
“noses; but 132 patients were classified as having 1 of 4 pre- 
‘dominant cardiac diseases. Eighty-five patients had CAD; 60% 
of these patients (51 of 85) had LV or combined hypertrophy. 
Of these 51 patients with LV hypertrophy 37 (75%) had a 
myocardial infarction; 19 infarcts were inferior and 18 were 
anterior in location. Of 25 patients with valvular disease (13 
swith aortic stenosis, 4 with aortic regurgitation and 8 with 
‘mitral regurgitation), 96% (24 of 25) had LV or combined 
hypertrophy. Eleven patients had systemic hypertension; 82% 
(9 of 11) had LV or combined ventricular hypertrophy. Of 
these 11 patients, 9 had blood pressures that had been more 
than 220/120 mm Hg on repeated examination and 2 had 
predominantly systolic hypertension with representative 
blood pressures of 200/90 mm Hg. Eleven patients had car- 
‘diomyopathy; 91% (10 of 11) had LV or combined ventricular 
hypertrophy. Of these 11 patients, 8 had dilated cardiomy- 
орау (6 of undetermined cause, and 2 alcoholic cardiomy- 
орау), 2 had collagen vascular disease and associated car- 
diomyopathy, and 1 had cardiac amyloidosis. Therefore, 7196 
of the patients (94 of 132) representing 4 cardiac diseases had 
either LV or combined ventricular hypertrophy morpholog- 
ically and the sensitivity of electrocardiographic criteria for 
hypertrophy was evaluated. 
А second analysis was performed on 36 of the 132 patients, 
24 of whom had systolic overload (valvular aortic stenosis and 
systemic hypertension) and in 12 patients who had diastolic 
overload (mitral and aortic regurgitation), to evaluate the 
results of sensitivity of electrocardiographic criteria for LV 
and combined hypertrophy. 
_ Electrocardiographic methods: All electrocardiograms 
analyzed had been recorded on either a Burdick model EK5 
or Hewlett Packard model 1511B that met performance 
standards.1?:!! Criteria for nomenclature and measurements 
of deflection were used as defined by the criteria of the 
American Heart Association.!? The electrocardiogram was 
interpreted without knowledge of the pathologic findings. The 
following measurements were made on each electrocardio- 
gram: the amplitude of the R and S waves (mm) in all 12 leads; 
the amplitude of the Q or QS in all limb leads and V; through 
Уз; ST depression and T-wave inversion in leads I, aVL, У; 
and Vg (mm); frontal-plane QRS axis; QRS duration; and 
duration of the intrinsicoid deflection in V5 or Vg. Evidence 
for left atrial abnormality was noted.!? Data were keypunched 


left ventricular. 


on data cards and analyzed using a Univac 1100 computer 
system. 

А total of 30 electrocardiographic criteria for LV hyper- 
trophy were evaluated in this study and represent those 
commonly mentioned.?? Various combinations of these cri- 
teria were used to develop methods for maximal sensitivity 
of the electrocardiographic diagnosis of LV hypertrophy as 
previously described? and as related to a specific cardiac 
disease. 

Sensitivity was used as previously defined.1415 

Statistical methods: The unpaired Student t test, 1-way 
analysis of variance and chi-square test were used. Differences 
with a p value «0.01 were considered significant. 


Results 


Patient data: The clinicopathologic data of the pa- 
tients with LV or combined ventricular hypertrophy i in 
this study are presented in Table I. There was no Big: 
nificant difference in age and the ponderal index,* an 
overall assessment of body mass and stature, was com- 
parable for all groups. LV weights were significantly less 
in patients with CAD compared to those with valvular 
disease or cardiomyopathy. The group with cardiomy- 
opathy had a significantly higher percentage of biven- 
tricular hypertrophy compared to those with CAD or 
systemic hypertension. Heart failure occurred more 
often in cardiomyopathy. 

The average time from the interpreted electrocardi- 
ogram until death was 3.7 weeks; 87% of the electro- 
cardiograms had been obtained within 4 weeks of 
death. 

Voltage criteria: The sensitivity of electrocardio- 
graphic voltage criteria of limb and precordial leads 
were evaluated for the 4 cardiac diseases and are pre- 
sented in Table II. When the criterion of an R wave in 
lead I of more than 13 mm was used, a significant dif- 
ference between CAD and valvular disease was present. 
When the criterion of an R wave in aVL of more than 
7.5 mm was used no significant differences between 
cardiac diseases were observed. 

In the 12 precordial criteria listed in Table II, sig- 
nificant differences in sensitivity were noted between 
CAD and both valvular and systemic hypertensive 
disease in all instances except one: for the criterion of 
SV; or V2 + RV; or Vg >35 mm, the significant differ- 
ence was limited to the groups with CAD and valvular 


* Ponderal index is defined as a measure of relative body mass ex- 
pressed as the ratio of the cube root of body weight to stature multiplied 
by 100. 
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TABLE! Sensitivity of Electrocardiographic Criteria for Left Ventricular Hypertrophy— 
Voltage in Limb and Precordial Leads 


3 CAD Valvular Hypertension Cardiomyopathy 
(n = 51) (n = 24) (n = 9) (n = 10) 
Limb leads pM one 
R in lead | >13 mm 2 25 22 0 
R wave aVL »7.5 mm 14 33 44 11 
Precordial leads 
SV, + RVs or Ve [TUUM mM | 
>35 mm 6 63 67 30 
SV; + RVs or Vg — — 1 
>30 mm 16 71 78 30 
SV; or Vo + RVs СЕТ ТРУСИ 
>40 тт 6 54 56 30 
SV, t RVs a усе н. cass Ems. 
>36 mm 4 50 67 30 4 
SV; + RVs pue EE UNI... T 
>30 mm 16 71 78 30 
SV» + RVs ERG GT nee WE Se, 
>35 mm 16 71 89 44 
RVs or RV. m= Sa A A ee RI 
>26 тт 2 38 44 30 
a Sa r ae te 
RVg >20 mm 4 25 44 40 
FTT зт о болу CT 
SV, >24 em. 0 21 22 0 
S40 mm 14 75 78 50 
SV; or Vo + RVs pure TO 
or Vg 235 mm 18 79 56 40 
JUNE Se es Cn 
* p $0.01. 


Values represent percent of patients. 


Limb lead criteria found to have low sensitivity: R in lead | > 15 mm, В, + Sy >25 mm, R aVL >11 mm, 
212 mm, >13 mm, R aVF >12 тт, >19 mm, >20 mm, Q or QS aVR > 14 mm, Lewis index — Ry + S, 


> +17 mm. 
CAD = coronary artery disease. 


heart disease. In 4 of the 12 criteria, a significant dif- 
ference was also found between CAD and cardiomy- 
opathy. The other 10 voltage criteria showed ineffective 
low sensitivity (Table II). They were all limb lead 
criteria. 

Other criteria: The sensitivity results for other 
electrocardiographic criteria are shown in Table III. A 
significant difference occurred using the criterion of 
QRS axis greater than —30° between CAD and valvular 
heart disease. No significant differences among the 
cardiac diseases were noted in the use of a QRS duration 


longer than 0.09 second, the intrinsicoid deflection or 


; 
1 
& 


precordial R wave transition. The criterion of left pre- - 


cordial T-wave changes 21 mm in lead Vg occurred in 
10% of patients with valvular heart disease, which was 
significantly different from the 2096 rate in those with 
cardiomyopathy. Left atrial abnormality occurred with 
a uniformly high sensitivity in all 4 cardiac diseases 
compared with other criteria. 

Systolic overload versus diastolic overload: The 
diagnostic effectiveness of the 30 electrocardiographic 
criteria for LV hypertrophy was compared in 24 patients 


TABLE Ill Sensitivity of Other Electrocardiographic Criteria for Left Ventricular 





Hypertrophy 
CAD Valvular Hypertension Cardiomyopathy 
(n — 51) (n — 24) (n = 9) (n — 10) 
QRS — د‎ 
Axis >—30° 33 0 0 20 
Duration 20.09 sec 41 42 22 0 
Intrinsicoid deflection 
In Vs or Vg 
20.05 mm 10 13 22 40 
Precordial transition 
RVs > RVs 33 17 9 30 
Left precordial T wave 
Vg > 1mm CEE ST PTS SS ГИЛЕР С 
inversion 53 70 67 20 
Left atrial abnormality 


in V4 57 


79 56 70 


а 


* p €0.01. 
Values represent percent of patients. 
CAD - coronary artery disease. 
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TABLE IV Sensitivity of Methods Using Multiple Electrocardiographic Criteria for the 
Diagnosis of Left Ventricular Hypertrophy ° 


CAD 
(n = 51) 
Modified point system* 61 
3 major criteria 63 
3 major and 3 minor criteriat 53 


Valvular Hypertension Cardiomyopathy 
(n = 24) (n = 9) (n = 10) 

75 78 60 

83 89 80 

71 78 60 


* Left atrial abnormality = 3 points, T-wave inversion in Vg > 1 mm = 3 points, (ignore state of digital- 
ization), SV; + RVs or Vg >35 mm = 3 points, QRS duration >0.09 second = 1 point, QRS axis >—30° 
= 2 points, Intrinsicoid in Vs or Vs 20.05 second = 1 point. Positive for left ventricular hypertrophy if total 


point value = 4. 


ТУ; + RVs of Vg >35 mm, intrinsicoid deflection in Vs or Vg 20.05 second, or left atrial abnormality 
are defined as major criteria. Positive if any 1 criteria present. 

+ QRS duration 70.09 second, QRS axis >—30°, and T-wave inversion of > 1 mm in Vg are defined 
as minor criteria. Positive if any 1 or 2 of above major criteria, or if one major and 1 minor criteria were 


present. 
Values represent percent of patients. 
| CAD - coronary artery disease. 


with a systolic overload to 12 patients with a diastolic 
overload. Heart weights were comparable. No signifi- 
cant differences in percent positivity of these criteria 
between the 2 groups of patients were noted, with 1 
exception. The criteria of an КУ > RV; was positive in 
` 33% of the patients with a diastolic overload, which was 
significantly different from 4% found in patients with 
systolic overload. However, of the other 19 criteria listed 
in Table II and III, 17 had a slightly higher percentage 
positivity in the group with systolic overload. 
Multiple criteria methods: The results of using 
combinations of criteria to develop methods for the 
-electrocardiographic diagnosis of LV hypertrophy are 
shown in Table IV. Results are excellent in patients with 
valvular heart disease or systemic hypertension and 
acceptable by usual standards in patients with CAD and 
cardiomyopathy. With the possible exception of left 
atrial abnormality, multiple-criteria methods were su- 
perior to the use of single criterion for the electrocar- 
diographic diagnosis of LV hypertrophy when applied 
to a population with several cardiac diseases. 


Discussion 


These data revealed that single electrocardiographic 
criteria may have a high sensitivity for LV hypertrophy 
in 1 cardiac disease, while in others the same criteria 
may be negative or occur with a low sensitivity. Pre- 
cordial voltage criteria are often preferred by many 
physicians as electrocardiographic evidence for LV 
hypertrophy. Our results showed that use of precordial 
voltage criteria will miss 85 to 9096 of patients with CAD 
and LV hypertrophy. In contrast, precordial QRS 
voltage criteria will be effective in valvular heart disease 
and in those patients with systemic hypertension. 
Furthermore, there is a wide choice of precordial voltage 
criteria since several were equally effective. Textbooks 
of electrocardiography still recommend a single criterion 
for the electrocardiographic diagnosis of LV hypertro- 
phy.!9?? Our data support the use of multiple-criteria 
methods, which we recommend for the electrocardio- 
graphic diagnosis of LV hypertrophy when applied to 
a population with multiple cardiac diseases. Our results 
of sensitivity (Table IV) are comparable to the best re- 
sults of previous reports and at the same time emphasize 


the limitations of the 12-lead scalar electrocardiogram 
for detecting LV hypertrophy. 

Historically it has been suggested that systolic or 
diastolic overload electrocardiographic patterns of 
ventricular hypertrophy can be consistently identified, 9 
but in our study population no major significant dif- 
ferences among electrocardiographic criteria were ob- 
served between the 2 groups. In the original description 
by Cabrera and Monroy,!? many of the patients had 
congenital heart diseases; such patients were excluded 
from our study. Also, their electrocardiographic criteria 
were different from those in our study. 

Limitations: The number of patients for evaluation 
was small in some of the cardiac diseases, but the 
methods of pathology were prospective and precise in 
definitions. Only middle-aged to older men were stud- 
ied, and patients with congenital heart disease and 
mitral stenosis were excluded because of small numbers. 
Whether our results can be applied to a more general 
population is not known. 

Factors affecting sensitivity of electrocardio- 
graphic criteria: The basis for varying sensitivity of 
electrocardiographic criteria in different cardiac dis- 
eases is of interest. QRS potentials recorded on the limb 
or precordial leads are the result of interplay of many 
factors. These include geometric effects (relative posi- 
tion of the heart to recording electrode), cardiac muscle 
mass, cardiac volume size and shape, lung conductivity, 
body shape and size, surface muscle mass and, possibly, 
epicardial fat distribution.!?-?? In this study patients 
with CAD had ventricular weights that were less than 
the other cardiac diseases. This is probably one expla- 
nation for the decreased sensitivity of QRS voltage in 
CAD. CAD may be associated with profound shifts of 
the electrical axis and changes in QRS voltage related 
to conduction disturbances or extensive myocardial 
damage. Cardiac amyloidosis is associated with de- 
creased QRS voltage, in contrast to high QRS voltage 
observed in aortic valve disease.?? Only one of our pa- 
tients had amyloidosis, but cardiomyopathy in our 
study was an intermediate group in the magnitude of 
QRS voltage observed. Heart failure may decrease QRS 
voltage,792425 but we did not examine serial electro- 
cardiograms, and therefore this could not be evaluated. 


The predominance of heart failure in our patients (80%) 
with cardiomyopathy may be another reason QRS 
precordial voltage criteria were relatively ineffective in 
this group. A difference in body weight may affect the 
QRS voltage. However, the ponderal index is an ac- 
ceptable estimate of body mass and height and showed 
no significant difference among our patient groups. Left 
atrial abnormality probably occurs as a result of an in- 
traatrial conduction defect of multiple cause?6 and often 
reflects LV dysfunction with associated LV hypertrophy 
from a wide spectrum of cardiac diseases.?’-°° Hence, 
the reasons for the varied sensitivity of individual 
electrocardiographic criteria for LV hypertrophy are 
complex but related in part to the underlying cardiac 
disease. 
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EXPERIMENTAL STUDIES 


Myocardial Infarct Size Threshold for Two-Dimensional 
Echocardiographic Detection: Sensitivity of Systolic 
Wall Thickening and Endocardial Motion Abnormalities 
in Small Versus Large Infarcts 


NATESA G. PANDIAN, MD, DAVID J. SKORTON, MD, STEVE M. COLLINS, PhD, 
SAMON KOYANAGI, MD, ROBERT KIESO, MS, MELVIN L. MARCUS, MD, 
and RICHARD E. KERBER, MD 


This study evaluated the ability of 2-dimensional 
echocardiography to detect myocardial infarcts of 
varying sizes. Echocardiography was performed in 
29 closed-chest, conscious dogs 2 days after cir- 
cumflex coronary artery occlusion, and the ultra- 
sonic recordings were analyzed for regional ab- 
normalities in either wall thickening or endocardial 
motion. Acute myocardial infarct (AMI) size and 
extent were assessed by morphologic examination. 
In 5 dogs, coronary occlusion failed to produce AMI; 
in these dogs wall thickening analysis showed no 
abnormalities (10096 specificity), and endocardial 
motion analysis yielded 1 false-positive result (80 96 
specificity). In 24 dogs an AMI developed; infarcts 


larger than 18% of left ventricular mass uniformly - 
resulted in echocardiographically detectable con- 
traction abnormalities. When the AMI was small ( 1 
to 696 of left ventricular mass) and primarily sub- 
endocardial, the sensitivity of echocardiography was 
poor: Only 3 of 10 of the dogs with a small AMI had 
abnormalities by wall thickening, and only 1 of 10 
by endocardial motion. Thus, in this canine model 
of AMI, 2-dimensional echocardiography was in- 
sensitive to small, subendocardial AMI. If this is so 
in humans as well, it is a potential limitation of the 
clinical use of echocardiography in the detection of 
AMI. 
(Am J Cardiol 1985;55:551-555) 





Regional contraction abnormalities associated with 
acute myocardial infarction (AMI) can be demonstrated 
by 2-dimensional (2-D) echocardiography.!-!! Previous 
experimental studies have focused on the correlations 
between echocardiographic and pathologic estimates 
of the extent of infarction.$-1! Although initial clinical 
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studies? showed that echocardiography should be 
useful in patients with AMI, 1 important piece of in- 
formation is lacking: How is the sensitivity and speci- 
ficity of the technique affected by the size of the AMI? 
Specifically, because many infarcts are small and lo- 
cated primarily in the subendocardial region, it is nec- 
essary to establish whether such infarcts can be accu- 
rately detected by echocardiography to further define 
the potential clinical use of the technique. 

This study establishes the sensitivity and specificity 
of 2-D echocardiography in the detection of infarcts of 
varying size, circumferential extent and transmural 
extent. 


Methods 


Canine model: Twenty-nine adult, healthy mongrel dogs 
that weighed 14 to 28 kg were used in this study. Data from 
these dogs were also used for a previous report, which em- 
phasized the relations between the extent of echocardio- 
graphic dyskinesia, infarct size and coronary risk area.!! 
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The dogs were anesthetized with sodium pentobarbital (25 
mg/kg body weight, intravenously). A left thoracotomy was 


. performed under sterile conditions. The circumflex branch 
` of the left coronary artery just distal to the first or second 


marginal branch was isolated and a silk snare was placed 


` around the vessel. 


After recovery, generally 7 to 12 days after thoracotomy, the 


р dogs were brought to the laboratory and the studies were 


. performed in the conscious state. Morphine sulfate (2 to 5 mg) 
was given intramuscularly for sedation and analgesia about 


„тиш? 


_ 20 minutes before the experiment. The aortic pressure, the 

left atrial pressure and the electrocardiogram were contin- 
 uously recorded through catheters placed at the original 
surgery. With the dogs lying quietly and the hemodynamics 
stable, control 2-D echocardiographic recordings were ob- 
- tained. Then, lidocaine (1.5 mg/kg, intravenously) was ad- 
. ministered and the circumflex coronary artery was acutely and 


. totally occluded using the snare. Hemodynamic and echo- 


_ eardiographic recordings were repeated at 48 hours after 


coronary occlusion, again in the conscious state. Then the dogs 


` were anesthetized with sodium pentobarbital and killed with 


. intravenous potassium chloride. 


Echocardiographic studies: Two-dimensional echocar- 
diography was performed using a Toshiba SSH-10A Sono- 


-. layergraph and a 2.4-MHz phased-array transducer. With the 


dogs lying on their right side, we applied the transducer from 


- below to obtain 2-D echocardiographic images. For this study 
. we analyzed 2 short-axis planes: the plane of the chordae 
` tendineae and the plane of the papillary muscles. Excellent 


— 


== = 


recordings at these levels were obtained. Images were recorded 
on videotape for later real-time, slow-motion and stop-frame 
analysis of end-diastole and end-systole. The end-diastolic 


` and end-systolic epicardial and endocardial boundaries from 
short-axis images were traced from the video monitor onto 
_ transparent plastic sheets. For consistency, we traced the 


inner borders of the endocardium and epicardium. These 
tracings were then digitized using a Talos digitizing tablet 


interfaced to a PDP 11/34 computer and Ramtek image dis- 


play system. The echocardiographic analysis was done by 
observers who were unaware of the results of morphologic 
examination, i.e., the presence and extent of AMI. 

Our computer methods of 2-D echocardiographic analysis 


_ have been described in detail.!:1? Briefly, a landmark in each 
. image was the posterior junction of the endocardium of the 


xo^ 
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` FIGURE 1. Method of determination of circumferential and transmural 


extent of infarct. 


right ventricular free wall and the right side of the ventricular 
septum. We defined a ventricular diameter as the longest line 
from this observer-identified landmark (in diastole) to the left 
ventricular (LV) anterolateral wall epicardium. This com- 
puter-generated line divided the ventricle approximately in 
half. The midpoint of this diameter was used as the center of 
the short-axis image. From this center, 12 radii at 30? intervals 
were generated, dividing the short-axis image into 12 ven- 
tricular cavity and myocardial wall segments. We corrected 
for intrathoracic motion during systole, using a floating-axis 
system similar to that described by Moynihan et al.!? The 
advantage of this correction is that any given portion of the 
LV wall retains as closely as possible the same segment iden- 
tification during the cardiac cycle. A potential disadvantage 
of the correction is that deformation of the ventricle may re- 
sult from ischemia, causing the apparent center of the ven- 
tricle to alter its position and thereby potentially causing er- 
rors in the wall motion analysis. 

For each short-axis tomographic section, the percent 
systolic thickening of each wall segment along each radius was 
calculated as 


End-systolic WT — end-diastolic WT 


: X 100 
end-diastolic WT 

where WT equals wall thickness. To assess endocardial mo- 

tion, which determines changes in the cavity area, we com- 

puted the percent segmental cavity area change in each cavity 

segment using the equation: 


End-diastolic cavity area — end-systolic cavity area 


end-diastolic cavity area Н 
A segment was considered to have a wall thickening abnor- 
mality if it showed systolic thinning (negative thickening) or 
loss of thickening (thickening = 0%). Similarly, a segment was 
considered to have an endocardial motion abnormality if it 
showed systolic bulging (negative area change) or akinesia 
(area change = 0%). “Decreased thickening” and “hypoki- 
nesia" were not considered abnormal because even normal 
myocardium may frequently show only minimal regional 
contraction.!? Adoption of this strict criterion for contraction 
abnormalities tends to enhance specificity at the expense of 
sensitivity, and this was done deliberately to provide a strin- 
gent test of the sensitivity of the echocardiographic technique, 
especially in the detection of small infarcts. Each dog was 
considered to show 2-D echocardiographic abnormalities if 
even 1 segment showed abnormal contraction, because our 
previous experimental and clinical studies have shown that 
such segmental contraction abnormalities rarely occur except 
in ischemic myocardium.1?.14 
Morphologic examination: At the conclusion of each ex- 
periment, each dog was killed and the heart was removed and 
fixed in 10% formalin. Then it was sectioned into 7 transmural 
slices of approximately equal thickness (0.8 to 1.1 cm) parallel 
to the atrioventricular groove. The infarct area was deter- 
mined by gross morphologic examination and confirmed 
histologically with hematoxylin-eosin-stained sections. At 2 
days after coronary occlusion, the infarcted myocardium could 
be clearly delineated from the surrounding normal muscle. 
Tracings of the infarct area of the top cut surface of each slice 
were made and the normal area and the infarct area of all slices 
were measured using computerized planimetry. The ven- 
tricular slices were weighed. The mass of each infarct region 
was calculated by multiplying the average infarct of each slice, 
expressed as a percentage of total area times weight of the 
slice. For each heart, these regions were summed. In addition 
to the calculation of infarct size as percent of LV mass, we 
measured the maximal circumferential and transmural extent 
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of AMI in each heart. Using a method similar to that of O'B- 
oyle et al? the circumferential extent of AMI on the basal side 
of each slice was measured as an angle, the vertex of which was 
located at the center of the LV cavity with rays directed tan- 
gentially along the edges of the infarcted area (Fig. 1). The 
maximal circumferential extent of AMI for each heart was 
defined as the greatest circumferential percentage of AMI in 
any of the slices of that heart. The transmural percentage of 
AMI in each slice (that is, the extent of the wall’s thickness 
which was necrotic) was also determined by the method shown 
in Figure 1. The maximal transmural extent for each heart was 
defined as the greatest transmural percentage of infarct in any 
of the slices of that heart. 

Data analysis: The presence of a quantitative wall thick- 
ening abnormality or endocardial motion abnormality in any 
segment of either echocardiographic plane analyzed was taken 
to indicate the presence of AMI in that dog. Using this infor- 
mation, the sensitivity, specificity and predictive accuracy of 
the echocardiographic technique in the diagnosis of AMI were 
determined using the morphologic examination as the inde- 
pendent variable. 

Comparisons of sensitivity and specificity between the 2 
techniques of 2-D echocardiographic analysis (i.e., wall 
thickening vs endocardial motion) were performed using a 
chi-square analysis. 

All data are presented as mean + standard deviation. 


Results 


Morphologic examination: Twenty-four dogs had 
an AMI after coronary occlusion and 5 did not. In the 
24 dogs that sustained an AMI, the mean infarct size 
was 15 + 15% of LV mass (mean + standard deviation) 
(range 1 to 51%). The AMI always occurred at the pap- 
illary muscle or chordal level; in no case was an AMI 
confined to the apex, where it could have been missed 
by echo. 

Two-dimensional echocardiography in the de- 
tection of AMI (Fig. 2): All the dogs had normal con- 
trol echocardiograms. None of the 5 dogs that did not 
have an AMI showed wall thickening abnormalities. 
Thus, the specificity of a wall thickening abnormality 
for the detection of AMI was 100%. One of these 5 dogs 
did show an endocardial motion abnormality (false- 
positive); thus, the specificity of endocardial motion 
abnormality for the detection of AMI was 80%. The 
specificity of the 2 techniques for the detection of AMI 
was not significantly different. 

Seven of the 24 dogs with AMI did not manifest ab- 
normalities in wall thickening (false-negative). Thus, 
the sensitivity of wall-thickening abnormality in the 
dogs that had AMI was 17 of 24, or 71%. Analysis of 
endocardial motion showed that 9 of the 24 dogs with 
AMI showed no echocardiographic abnormalities in 
endocardial motion (false-negative). Thus, the sensi- 
tivity of this index as an indicator of AMI was 15 of 24 
(63%) (Fig. 2). The sensitivity of the 2 techniques for the 
detection of AMI was not significantly different. The 
predictive accuracy of the wall thickening method was 
22 of 22 (100%); the predictive accuracy of the endo- 
` cardial motion method was 15 of 16 (94%). 

To further assess the characteristics of AMI that were 
not detected by either the wall thickening or the endo- 
cardial motion method, we examined the relation be- 
tween the presence or absence of echocardiographic 
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FIGURE 2. Sensitivity of 2-dimensional echocardiography in the de- - 
tection of infarcts of varying percent of left ventricular (LV) mass. Both — 
methods were excellent in the detection of large infarcts, but poor іп к 
detecting small infarcts. ч 


abnormalities and infarct size as percent of LV mass, 
and the maximal transmural and circumferential extent 
of AMI. 

Relation between the size of infarction and. 
echocardiographic abnormalities: The 24 dogs that - 
had AMI after coronary ligation were classified into 2 
groups: Ten dogs had AMI that was small (1 to 6% LV : 
mass); in 7 of these, AMI was confined entirely to the 
subendocardial area (maximal transmural infarct extent 
in any slice was less than 33%). The other 14 dogs had - 
a large AMI (18 to 51% LV mass), which extended at 
least to the subepicardial area; in 12 of these, the AMI 
was transmural (maximal extent 100%), whereas in the - 
other 2 dogs, the maximal transmural extent was 78 and 
81%. In the 10 dogs with small infarcts (1 to 6% LV 
mass), the 2 echocardiographic analysis methods 
showed poor sensitivity: Only 3 of these 10 showed ab- 
normalities by the wall thickening method (sensitivity 
30%), and only 1 of these 10 by the endocardial motion 
method (sensitivity 10%) (Fig. 2). In contrast, in the 14 
dogs with large infarcts (18 to 51% LV mass), the sen- 
sitivity of both echocardiographic methods for infarct 
detection was 100% (Fig. 2). 

Relation between the maximal transmural extent 
of infarction and echocardiographic abnormalities 
(Fig. 3): Of the 24 dogs that had an AMI, the transmural 
extent ranged from 9 to 100%. Twelve dogs had 
transmural AMI. These 12 dogs all manifested both wall 
thickening abnormalities and endocardial motion ab- 
normalities (i.e., sensitivity = 100%). Seven dogs had 
subendocardial AMI only (transmural extent of the 
AMI was 33% or less); both wall thickening and endo- 
cardial motion abnormalities were absent in all 7 dogs 
in this group (i.e., all false-negatives, = 0% sensitivity). 
The other 5 dogs had AMI with maximal transmural 
extent ranging from 40 to 85%; all 5 of these showed wall 
thickening abnormalities, whereas 3 of these 5 showed 
endocardial motion abnormalities. | 

Relation between circumferential extent of in- 
farct and the presence or absence of echocardio- 
graphic abnormalities (Fig. 4): The circumferential 
extent of infarct ranged from 5 to 5696; the circumfer- 
ential extent of infarct was less than 30% in the small 
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- infarct group and greater than 30% in the large infarct 
К _ group. In all the dogs that had infarcts greater than 30% 
` in circumferential extent, both the wall thickening 
оа and the endocardial motion method identified 
- the infarcts (sensitivity 100%) (Fig. 4). However, when 
_ the circumferential extent was less than 30%, the wall 
_ thickening method detected the infarct only in 3 of 10 
_ dogs (sensitivity 30%), whereas the endocardial motion 
method detected only 1 of 10 dogs (sensitivity 1096). 


Discussion 


` The main finding of this study is that in this canine 

ГАМІ model, 2-D echocardiography was a sensitive 

` technique for detecting the regional contraction ab- 

E normalities associated with AMI when the AMI was 

` large, and transmural or nearly so. In contrast, the 

` echocardiographic technique was insensitive to small, 

i subendocardial infarcts. 

-= Gallagher et al,!? reporting a model of coronary ste- 
nosis, emphasized that severe wall thickening abnor- 
malities, including akinesia, can occur with reductions 

_ in myocardial perfusion localized to the inner myocar- 
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dial layers. However, Lieberman et al, in an experi- 
mental coronary occlusion study, found that myocardial 
segments containing an infarct whose transmural extent 
was very limited, less than 20%, retained systolic 
thickening on echocardiography; only segments con- 
taining more than 20% transmural infarction demon- 
strated echocardiographic systolic thinning. This 
implies that echocardiography cannot detect infarcts 
of very limited transmural extent. However, the latter 
study was done in opened-chest anaesthetized dogs. Use 
of an open-chest preparation allowed Lieberman et al® 
to move the echo transducer along the heart from base 
to apex, obtaining parallel short-axis images at 1-cm 
intervals. This produces optimal 2-D echocardiographic 
images, but such ideal parallel images cannot be ob- 
tained in a closed-chest animal or human, with a limited 
number of ultrasonic “windows.” Thus, we believed that 
to verify the findings of Lieberman et al® and determine 
their clinical applicability, an awake, closed-chest ani- 
mal preparation was necessary. Our finding that some 
degree of myocardial thickening and endocardial motion 
is retained in small, subendocardial infarcts supports 
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FIGURE 4. Relation between infarct size 
e (% LV Mass), maximal circumferential 
extent of infarct in any heart slice, and 2- 
dimensional echocardiographic abnor- 
malities. Echocardiography was abnormal 
only when the circumferential extent of 
e infarct exceeded 3096, and this was al- 
ways associated with large infarcts. 
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the concept of a “threshold” phenomenon—that for а 
contraction abnormality to be detectable by echocar- 
diography in a closed-chest animal, the infarct must 
extend beyond the subendocardial layer. 

Our criteria for judging the presence of a contraction 
abnormality (akinesia or dyskinesia, but not hypoki- 
nesia) were deliberately chosen to be stringent. This was 
done after considering the possiblity that infarcts con- 
fined to the subendocardial layer might reduce systolic 
thickening without eliminating it entirely.5 Such 
echocardiographic changes are difficult to recognize 
clinically because of the marked heterogeneity of seg- 
mental contraction that occurs in normal myocar- 
dium.!? If a preinfarct echocardiographic recording were 
available for comparison, such subtle changes might be 
recognizable, but preinfarct recordings are not usually 
available to the clinician. Our choice of strict echocar- 
diographic criteria for contraction abnormalities 
probably contributed to the poor sensitivity of echo- 
cardiography in detecting small infarcts. Less strict 
criteria would enhance the sensitivity but at the expense 
of specificity, which was excellent in this study (only 1 
false-positive). 

O'Boyle et al? also evaluated the ability of echocar- 
diography to detect contraction abnormalities in a ca- 
nine infarct model. They found, as we did, that most 
infarcts not detected by echocardiography had very 
limited circumferential extent, generally less than 20%. 
However, they also reported that the majority of regions 
of infarction not detected by echocardiography were 
transmural. This latter finding is surprising and is in 
direct contrast to our own observations and those of 
Lieberman et al and Weiss et al.* The differences, in 
part, may be methodologic; O’ Boyle et al? ligated the left 
anterior descending rather than circumflex coronary 
artery, and half their animals were killed and the in- 
farcts were measured at 1 to 8 weeks after coronary oc- 
clusion. Mature anterior infarcts may have dyski- 
nesia-transmurality relations different from our acute 
posterior infarcts. Moreover, the majority of undetected 
transmural infarcts described by O'Boyle et al? had a 
limited circumferential extent, i.e., a narrow “wedge” 
of transmural infarct. We did not find this type of in- 
farct by pathologic examination; our transmural infarcts 
were all large (18 to 5196 LV mass), with circumferential 
extents ranging from 38 to 5596. Similarly, in the clinical 
study of Weiss et al,* 11 of 15 autopsied myocardial in- 
farct patients had transmural infarcts and these also 
were large, involving up to 100% of the LV circumfer- 
ence. They found that normal wall motion by echocar- 
diography excluded transmural infarction, whereas 
subendocardially infarcted segments frequently con- 
tracted normally on echocardiography. The findings of 
Weiss et al,* with regard to echocardiographic detection 
of transmural infarcts are more consonant with our 
findings than with those of O'Boyle et al.? 

The relative merits of endocardial motion vs wall 
thickening for the detection of infarct-induced dyski- 
nesia have been debated.9? We used both methods and 
found little difference between them. 
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Can these experimental observations be applied - 
clinically? We have already pointed out that our 2-D — 
echocardiographic criteria for judging a contraction | 
abnormality to be present were deliberately stricter - 
than many clinicians use. In addition, in the clinical | 
setting, other factors influencing 2-D echocardiographic - 
assessment of myocardial contraction that would need _ 
to be considered include the presence of multivessel 
coronary disease, previous infarcts, or LV volume . 
overload resulting from infarct-induced mitral regurg- 
itation. Nevertheless, with 2-D echocardiography and 
other imaging techniques, the detection of dyskinesia | 
appears specific for infarct and the extent of dyskinesia | 
may yield useful prognostic information about the size _ 


А 


of an infarct. However, the absence of echocardiogra- _ 


FA 


phically demonstrated contraction abnormalities may 
not exclude a small infarct. This is a potential limitation 
of echocardiographic and other techniques, which rely | 
solely on the demonstration of regional contraction | 
abnormalities in the diagnosis and management of pa- | 
tients with coronary artery disease. b: 
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Aspirin or Dipyridamole Individually Prevent Lipid 
Accumulation in Primate Vein Bypass Grafts 


LAWRENCE E. BOERBOOM, PhD, GORDON N. OLINGER, MD, 
LAWRENCE |. BONCHEK, MD, ILHAN |. GUNAY, MD, and 
AHMED H. KISSEBAH, MD, PhD 


_ Although platelet inhibition with both aspirin and 
dipyridamole is widely prescribed for patients with 
coronary artery bypass grafts, data are lacking to 
prove that combined drug therapy has greater effi- 
cacy in preserving graft integrity than either drug 


_ given independently. Thus, the ability of combined 


— 


vs single drug therapy to reduce cholesterol and 


apolipoprotein-B accumulation were compared in 


_autologous cephalic veins grafted into femoral ar- 


teries of 23 stump-tailed macaque monkeys. Ten 


monkeys were studied in 2 phases. They were 
treated with aspirin (80 mg/day) during 1 phase and 


with dipyridamole (50 mg/day) during the other 


phase. Five monkeys received aspirin plus dipy- 
 ridamole in combination and 8 received no medi- 
cation and served as controls. When grafts were 


removed 3 months after insertion cholesterol and 


_apolipoprotein-B concentrations in grafts were 
similar for groups treated with aspirin, with dipy- 


. Combined aspirin and dipyridamole therapy has been 


shown to improve graft patency in patients up to 1 year 


after operation. We demonstrated that combined 
aspirin and dipyridamole therapy also reduces choles- 


terol and apolipoprotein-B accumulation by vein grafts 
in monkeys.? Aspirin and dipyridamole are frequently 


- used in conjunction with each other as antithrombotic 
agents, based on the hypotheses that there is benefit in 
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ridamole, and with the drugs combined, and in each 
of the treated groups these concentrations were 
significantly reduced compared with grafts from 
untreated control monkeys. Cholesterol and apoli- 
poprotein-B concentrations in grafts from the treated 
groups were similar to concentrations in normal 
ungrafted veins, whereas cholesterol and apolipo- 
protein-B levels in grafts from control monkeys were 
significantly greater than those in ungrafted veins 
(25076 and 925% of normal, respectively). Our 
findings reaffirm the ameliorative effect of anti- 
platelet drugs in reducing the accumulation of lipid 
in vein bypass grafts and indicate that the efficacy 
of aspirin or dipyridamole given individually equals 
that of the combination of these drugs in this sub- 
human primate model. The relation of the lipid- 
lowering effect of these agents to their antithrom- 
botic effect is uncertain. 

(Am J Cardiol 1985;55:556-559) 


using 2 drugs that have different mechanisms of action 
and that these drugs have synergistic effects.!:4 How- 
ever, whether the purported benefits of combined drug 7 
therapy compared with the agents used alone applies 
to their antilipid effect remains conjectural. In this 
study we determined the efficacy of combined vs single 
drug therapy with aspirin and dipyridamole in miti- 
gating the lipid uptake by vein grafts. 


Methods 


Experimental design: Studies were performed in 23 
stump-tailed macaque monkeys (Macaca arctoides), weighing 
8 to 12 kg, in which cephalic vein grafts were interposed in the 
femoral arteries. The monkeys were fed a standard laboratory 
diet (Purina 5045) that sustains normolipemia.? Four treat- 
ments were examined. One group of 10 monkeys received bi- 
lateral grafts in 2 phases whereby a graft was placed in 1 leg, 
and after removal of this graft at the completion of the initial 


т К. чылче 
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TABLE | 


Cholesterol (mg/ 100 mg) 





Treatment 


Control 

Aspirin + dipyridamole 
Aspirin 

Dipyridamole 


Data are mean + standard deviation. 
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Tissue Cholesterol and Apolipoprotein-B Concentration 


Apolipoprotein-B (И9/100 mg) 





* p <0.001 compared with vein; ї p <0.001 compared with control. 


phase of the study, a second phase was begun in which a graft 
was placed in the opposite leg. During 1 phase the monkeys 
in this group were treated with aspirin, 80 mg/day, with the 
first dose given intraoperatively through a gastric tube. During 
the other phase they were given dipyridamole (Persantine®), 
50 mg/day, beginning 1 week before operation. One-half of 
these monkeys underwent the aspirin phase of the study first, 
followed by the dipyridamole phase; the other one-half un- 
derwent the reverse sequence. Although the effect of aspirin 
on platelets is irreversible, this effect lasts no longer than the 
life of the platelet, which, for a broad range of species ranging 
from rat to man, is 2 to 14 days.5 We assumed that the platelet 
life span in stump-tailed macaques was within this spectrum. 
Therefore, to eliminate the effects of prior medication, the 
second graft was not inserted until 3 weeks had elapsed since 
discontinuation of the medication used in the first phase. 
Medications were given orally and were divided into 2 daily 
doses. 

Another group of 5 monkeys received a combination of as- 
pirin plus dipyridamole in doses identical to those described 
above for the drugs given individually. One group of 8 mon- 
keys received no medication and served as controls. The latter 
2 groups had unilateral grafts. 

Surgical procedure: Anesthesia was induced with intra- 
muscular ketamine, 25 mg, and was maintained with supple- 
mental doses of intravenous thiamylal sodium. А segment of 
cephalic vein was removed from the foreleg and a cannula with 
side connections for pressure measurements was inserted into 
the distal end of the vessel. The vessel was distended for 1 
minute with autologous heparinized blood at a hydrostatic 
pressure of 350 mm Hg, a pressure at the midrange of that 
provided by commercial devices frequently used clinically to 
overcome vasospasm and check for leaks in preparation for 
grafting. The monkeys were given intravenous heparin, 2,000 
U, and the common, superficial and profunda femoral arteries, 
which had been previously isolated through a longitudinal 
groin incision, were occluded with vascular clamps. The 
femoral veins were not disturbed by dissection. Longitudinal 
arteriotomies were made in the common and superficial 
femoral arteries, and anastomoses were constructed between 
the ends of the vein and the arteriotomies with optical mag- 
nification, microsurgical technique, and 7-0 polypropylene 
monofilament suture. The femoral artery was ligated just 
distal to the proximal anastomosis and just proximal to the 
distal anastomosis, but was not divided. 

Biochemical studies: Grafts were removed 3 months after 
insertion. Tissue adjacent to the anastomoses was discarded 
and the remaining material was prepared for biochemical 
analysis. А segment of ungrafted femoral vein was removed 
for comparison. After being minced, tissue specimens were 
homogenized with 0.15 M sodium chloride. Cholesterol con- 
centration (total) was determined in an aliquot of the mixture 
with a gas-liquid chromatographic procedure. Extraction of 
apolipoprotein-B from the tissue homogenate was continued 
for 24 hours. Gentle centrifugation was used to separate the 


tissue debris, and the apolipoprotein-B concentration of the 


supernatant fluid was determined with a radioimmunoassay 
technique. 

Significance of differences in cholesterol and apolipopro- . 
tein-B concentration was determined with analysis of variance 
and Bonferroni's t test for multiple comparisons.? 


Results 


"j 
i 


| 


One graft from the aspirin group and 1 from the di- 


pyridamole group were noted at harvesting to be thin . 
fibrous bands, having apparently undergone early oc- 
clusions. Data from these grafts are excluded from the - 


$) 


results. All other grafts were widely patent when re- - 
moved, and revealed no overt evidence of stenosis, 
kinking, gross atherosclerotic lesions or other obstruc- | 


tion to flow. 


Results of biochemical analyses are shown in Table 


I. In all groups receiving medication, both cholesterol 


and apolipoprotein-B concentrations in grafts were 


similar to the concentrations found in respective un- 
grafted veins, and in each of the treated groups choles- 
terol (p <0.001) and apolipoprotein-B (p <0.001) con- 


centrations in grafts were significantly reduced 


compared with grafts from control monkeys. There were 
no significant differences in cholesterol or in apolipo- 
protein-B concentrations among the 3 treated groups. 
In striking contrast, in grafts from control monkeys, 
cholesterol concentration was 250% (p <0.001) and 


apolipoprotein-B concentration was 925% (p <0.001) 


of that observed in ungrafted veins. Cholesterol and 
apolipoprotein-B concentrations in ungrafted veins 
were similar in all groups. 


Discussion 


This study indicates that in monkeys, antiplatelet 
therapy with either aspirin or dipyridamole given in- 
dividually reduces the uptake of cholesterol and apoli- 
poprotein-B by experimental vein bypass grafts to the 
same degree as therapy with these drugs combined. 
Data from both the control group and the group treated 
with the combined drugs in this study are concordant 
with our previous findings? and indicate the consistency 
of this model. 

Clinical relevancy of subhuman primate model: 
Atherosclerotic lesions in humans selectively accumu- 
late cholesterol and low-density lipoprotein.? Low- 
density lipoprotein is the principal carrier of plasma 
cholesterol, and the apoprotein component of low- 
density lipoprotein is almost entirely apolipoprotein- 


B.10 Our use of the stump-tailed macaque monkey is 
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appropriate because late aortocoronary bypass graft 
. failure is caused by atheromatous changes,!!-!2 and, 
unlike dogs and most other species,1314 both the 
` stump-tailed macaque's plasma lipid profile!> and the 
. atherosclerotic lesions that the animal can develop! 
_ closely resemble the patterns observed in humans. 
. Coronary bypass grafts in monkeys are impractical 
- because the small size of monkey coronary arteries poses 
_ forbidding technical obstacles to high rates of graft 
_ patency. Short peripheral vascular grafts аге a sensible 
- alternative. The stump-tailed macaque's femoral artery 
. is approximately 2.5 mm in diameter, the size of the 
. human right coronary artery. The macaque cephalic 
_ vein is approximately 3.5 to 4 mm in diameter and re- 
- sembles the human saphenous vein morphologically. In 
_ 6 monkeys under 0.5% halothane anesthesia blood flow 
_ in grafts at 3 months postoperatively was 25 + 9 ml/min 
_ (mean + standard deviation) and mean blood pressure 
. was 88 + 13 mm Hg (unpublished observations). Al- 
_ though not identical to coronary artery bypass grafts in 
_ humans, our model is as relevant to the clinical setting 
_as allowed by practical limitations. 
k Injury and platelets in pathogenesis of graft de- 
generation: It is widely speculated that endothelial 
injury is the initial mechanism disposing vessels to 
atherosclerosis." Because of the dissection, surgical 
manipulation and exposure to vascular irritants and 
arterial pressure, some endothelial injury to grafts may 
be unavoidable.!8-!9 There is mounting evidence from 
both patient and animal studies to suggest that such 
injury renders grafts susceptible to platelet-modulated 
degeneration and that antiplatelet therapy may inter- 
- vene in this process.???;?! Whereas the antithrombotic 
properties of aspirin and dipyridamole have been in- 
vestigated extensively, less is known about their an- 
_tilipid properties and it is not clear whether the 2 effects 
- parallel each other. 
_ Platelet inhibitors as agents to reduce graft lip- 
ids: Although our study was designed to determine 
whether aspirin or dipyridamole were as effective in- 
dividually as in combination, not to determine the 
mechanism by which they reduce lipid accumulation, 
it is nevertheless interesting to speculate how this result 
might have been achieved. Endothelial damage initiates 
.acomplex interaction between platelets and the vessel 
wall that includes adherence of an initial layer of 
platelets to the vessel, aggregation of additional plate- 
lets, and release from platelet granules of such poten- 
tially injurious substances as serotonin, ADP and ly- 
‘sosomal enzymes.??-?4 One explanation for the reduced 
lipid concentrations observed in our study is that vein 
grafts normally undergo some endothelial injury, in- 
citing the above reaction, but that in treated monkeys 
the drugs intervened in this response by preventing the 
‘secondary endothelial damage accompanied by in- 
creased permeability to plasma lipids that would have 
otherwise resulted from harmful substances extruded 
from platelet granules. However, it has not been proved 
in vivo whether release of these substances disposes 
grafts to lipid accumulation and whether the platelet 
release reaction is completely inhibited by aspirin or 
dipyridamole at blood concentrations achievable clin- 
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ісаПу.425 Other explanations for the reduced lipid 
concentrations include the possibilities that the drugs 
inhibited cholesterol synthesis in smooth muscle cells, 
or that they might have reduced the uptake of plasma 
lipids by reducing the number or functional capacity of 
low-density lipoprotein receptors on smooth muscle 
cells.” It is also possible that by reducing the prolifer- 
ation of smooth muscle cells?! these drugs lead secon- 
darily to a reduction in lipid concentration since cho- 
lesterol accumulates both intracellularly and on the 
extracellular matrix produced by smooth muscle 
cells. 

Since all antiplatelet treatments in this study lowered 
graft lipid by comparable amounts, we believe that there 
Is no synergism in the antilipid effect of aspirin and 
dipyridamole. Moreover, because all treatments re- 
duced graft lipid to concentrations similar to those in 
veins, not merely a partial decrease, no further reduc- 
tion could be expected. Therefore, our observation that 
no difference exists between single and combined drug 
therapy does not appear attributable to failure of our 
aspirin dose to optimally potentiate dipyridamole, al- 
though others have suggested that doses of aspirin 
somewhat greater than those used in this study are 
necessary to potentiate dipyridamole in prolonging 
platelet survival in patients.28 Nevertheless, with 
greater risk factors, such as higher plasma cholesterol 
levels or with more prolonged exposure to the arterial 
circulation, a difference in treatment effects may be 
uncovered. It is also possible, as in any study showing 
no difference, that this is due to a type II statistical 
artifact. 

Clinical implications: The clinical studies by 
Chesebro et al^? demonstrate that antiplatelet agents 
improve the graft patency rate at up to 1 year postop- 
eratively and have provoked widespread acceptance of 
the prescription for platelet inhibition with both aspirin 
and dipyridamole. Because most occlusions within this 
time period are a result of thrombotic complications or 
technical problems, increased graft patency in these 
studies presumably resulted from the antithrombotic 
properties of the drugs. Our studies demonstrate that 
antiplatelet agents also reduce early accumulation of 
cholesterol and apolipoprotein-B by grafts and imply 
that clinically manifest atherosclerotic degeneration of 
grafts with delayed occlusion might also be lessened 
with these agents. The current study suggests that for 
long-term therapy to mitigate graft atherosclerosis, 
combined drug therapy is unnecessary and that either 
agent alone, dipyridamole or aspirin, may be equally 
effective in evoking the desirable antilipid response. 
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In Vivo Assessment of Left Ventricular Wall and Chamber 
Dynamics During Transient Myocardial Ischemia Using 
Cine Computed Tomography 
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Using a new computed tomographic (CT) scanner 
design that uses a rapidly moving focused electron 
beam, 50-ms CT scans were obtained at 2 axial 
levels simultaneously through the hearts of 6 dogs 
in order to analyze left ventricular (LV) wall thick- 
ness and cross-sectional chamber area after acute 
occlusion of the left anterior descending coronary 
artery (LAD). Ten or fifteen 50-ms CT scans (rate 
of 17 scans/s) through the middle of the left ventricle 
were performed in 1 second (cine acquisition) 
during intravenous administration of contrast me- 
dium at rest, 60 seconds after acute occlusion of the 
LAD, and 60 seconds after release of the occlusion. 
The percent extent of systolic wall thickening of the 
potentially ischemic anterior segment was 37 + 
15 % (+ standard deviation) in the control state and 


Effective cardiac diagnosis is dependent on the early 
detection of myocardial ischemia and subsequent 
quantitation of the extent of myocardial ischemic 
damage. Current, noninvasive functional imaging 
methods require the demonstration of regional con- 
traction abnormalities to detect myocardial ischemia. 
Prospective? and retrospective*? electrocardiograph- 
ically gated computerized transmission tomography 


ЮЛИАН ———— 
"rom the Department of Radiology, University of California, San 
"rancisco School of Medicine, San Francisco, California. This study 
vas supported in part by Grant #HL-23430 from the National Institute 
Jf Health, Imatron, Inc. and by the Radiology Research and Education 
‘oundation. Dr. Peter B. Dean was supported by the Union Against 
"ancer; American Cancer Society—Eleanor Roosevelt— International 
sancer Fellowship. Manuscript received July 20, 1984; revised man- 
Iscript received October 30, 1984, accepted October 31, 1984. 

Address for reprints: Charles B. Higgins, MD, Professor of Radiology, 
JCSF School of Medicine, San Francisco, California 94143. 


—5 + 6.5% during LAD occlusion (p <0.01). There 
was no significant difference in the percent change 
in LV luminal area from end-diastole to end-systole 
between the control state (50 + 19%) compared 
with LAD occlusion (47 + 21%). There were no 
Significant differences in the extent of systolic wall 
thickening or LV luminal area between the control 
state and 60 seconds after release of occlusion. The 
alterations in regional myocardial function during 
acute ischemia are characterized by wall thinning 
during systole in the jeopardized segment and no 
significant change in global LV function. These 
features can be assessed by cine computed to- 
mography during a solitary heart cycle. 


(Am J Cardiol 1985;55:560-565) 


(CT) not only provides good discrimination of the 
ischemic myocardium, but also assesses left ventricular 
(LV) dimensions, monitors LV wall thickness 
throughout the cardiac cycle and detects changes in wall 
thickening dynamics. However, the clinical application 
of both electrocardiographic (ECG) gating techniques 
to the assessment of acute myocardial infarction is 
limited by the ability of patients to lie flat and suspend 
their respiration for the 45 to 60 seconds necessary for 
data acquisition using ECG gating. Because of the rapid 
movement of cardiac structures, the only alternative to 
gated CT imaging of the heart is to use millisecond scan 
times. These millisecond CT scans have recently been 
provided by a new CT scanner design that uses a rapidly 
moving focused electron beam.9 This study was de- 
signed to document the ability of the high-speed cine 
CT scanner to detect changes in LV wall thickening 
dynamics throughout the cardiac cycle of the in situ 
heart by analyzing LV wall thickness and LV cross- 


sectional area during 1 complete cardiac cycle before, 
during and after release of the acute coronary arterial 
occlusion. 


Methods 


Experimental model: Eight conditioned mongrel dogs that 
weighed 26 to 55 kg were prepared. Under general anesthesia 
with pentobarbital sodium (25 mg/kg), a left thoracotomy was 
performed and a hydraulic occluder was positioned around 
the proximal left anterior descending coronary artery (LAD) 
proximal to the origin of the first diagonal branch and distal 
to the first septal branch. After complete surgical recovery at 
7 days, the experiment was conducted. 

Before scanning, the dogs were premedicated with mor- 
phine sulfate (2 mg/kg intramuscularly), anesthetized with 
phentobarbital (20 mg/kg intravenously) and ventilated with 
a Harvard respirator (15 breaths/min, tidal volume 12 to 15 
ml/kg). The heart rate was usually 100 to 150 beats/min. In- 
travenous contrast material (Conray 400) was administered 
in a bolus fashion, through a femoral venous catheter placed 
at the inferior vena caval-right atrial junction. The contrast 
medium was injected as a bolus at a dose of 0.5 ml/kg of body 
weight. Ten to 15 axial CT scans were obtained at the mid- 
ventricular level using the cine acquisition mode of the scanner 
at a rate of 17 scans/s. This scanning sequence was performed 
during control, at the conclusion of a 60-second period of oc- 
clusion of the LAD, and 60 seconds after release of the 60- 
second LAD occlusion. Before the cine acquisition, the flow 
(triggered) mode of operation (scanner described later) was 
used to determine the exact time for the bolus administration 
during each cine sequence so that optimal opacification was 
present in both the left and right ventricles. During the flow 
acquisition, the bolus of contrast medium could be sequen- 
tially imaged by each of 20 scans obtained at end-diastole of 
every other heartbeat as it progressed from the right to the 
left-sided cardiac chambers. During the entire experiment, 
40 to 50 ml of contrast medium was administered. Scanning 
was performed at the mid-LV level during suspension of res- 
piration at full inspiration. 

'The scanning x-ray factors were: 125 kVp, 50-ms scan time, 
650 mA, with an 8-mm slice thickness. Two 8-mm slices were 
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FIGURE 1. Diagram of the cine com- 
puted tomographic scanner showing 
the course of the electron beam from 
which a fan-shaped beam of radiation 
is produced. The beam passes through 

the subject and strikes 2 fixed detector n 
rings located above the couch. 
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obtained simultaneously. All images were reconstructed using- 
the same algorithms with a 256 X 256 matrix. The approxi- 
mate radiation dose for each cine acquisition was 3.7 or 5.5 - 
rads over a 2-cm thickness through the midthorax, depending 
on the number of scans in the cine sequence (10 or 15, re- 

spectively). Current spatial resolution is 1.5 mm. | 

Six of the 8 dogs evaluated provided satisfactory images and ' 
were analyzed in the study. The 2 not used were rejected either 
because of intermittent detector failures or suboptimal timing 
on the cine acquisition, leading to poor LV contrast levels. 

Cine computed tomographic scanner: The prototype 
Imatron C-100 scanner used for this experiment is a unique 
type of x-ray CT scanner that uses an electron beam that iS 
magnetically focused and deflected to replace the mechanical 
motion used in standard CT scanners. The C-100 scanner has 
been described in detail.9-? Briefly, the electron beam scan. 
tube comprises an electron gun and accelerator which pro- 
duces a 650-mA beam at 125 kV. This beam is focused and 
deflected through an angle of 33 to 37°C and swept along 1 of 
4 fixed tungsten target rings through an angle rotation of 210°. 
A simultaneous pair of dual scans is thereby produced from 
a fan beam of radiation, which is emitted from each tungsten: 
target ring and is converted by a collimator into 2 side-by-side 
8.0-mm-thick slices. T'wo rings of stationary detectors are 
placed above the subject and receive the transmitted fans of 
radiation (Fig. 1). Although the 4 target rings can be sequen- 
tially scanned in 240 ms, producing 8 adjacent 1-cm-thick 
levels, only 1 of the target rings was used during the current 
study. 

The C-100 cine system affords 3 modes of operation, of 
which the cine and flow (triggered) acquisition modes were 
used on the current study. The volume mode, which uses all 
4 target rings, was not used. During the cine acquisition se- 
quence, up to fifteen 50-ms scans can be obtained during a 
single cardiac cycle at the rate of 17 scans/s. The initial image 
of the sequence is triggered in relation to the R wave of the 
electrocardiogram so as to occur at end-diastole of the imaged 
heartbeat. 

The flow (triggered) sequence is used for perfusion or flow 
analysis. In this mode of operation, each of twenty 50-ms ex- 
posures are triggered by the electrocardiogram at the same 
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"IGURE 2. Nine sequential, 50-ms images triggered to begin at end- 
liastole of a single cardiac cycle in the control state (top), at the con- 
tlusion of a 60-second occlusion of the left anterior descending coro- 
lary artery, (middle) and at 60 seconds after the release of the occlusion 
bottom). The images near the end of each sequence are in diastole 
f the next cardiac cycle. 








phase of the cardiac cycle, usually at end-diastole for every 
heartbeat or a multiple of every heartbeat. The time course 
of the contrast bolus can thus be assessed from its appearance 
in the right side of the heart to peak opacification and washout 
of the left ventricle. 

Wall thickness measurement: The 15 frames of the movie 
sequence obtained for each level during the cine acquisition 
were sequentially displayed for the control, occlusion and 
postrelease states (Fig. 2). End-diastolic and end-systolic 
images for each cardiac cycle were defined by the largest and 
the smallest measured LV luminal area, respectively. These 
were then displayed simultaneously, magnified 2 times and 
wall measurements were taken (Fig. 3). LV wall boundaries 
were objectively defined by a computer program that displays 
a half contour to provide an objective criteria for placement 
of the measuring cursor. This objective analysis method was 
selected because of considerable interobserver variability 
using subjective analysis. For this technique, regions of in- 
terest were selectively placed in the mid-LV cavity, over the 
LV myocardium (M) (usually the lateral wall) and in the lung 
(L) adjacent to the left ventricle away from any major pul- 
monary vascularity. T'he mean CT number for each region of 
interest is displayed. The mean values of the chamber and 
lung are each subtracted from that obtained in the myocar- 
dium, with the respective differences then being halved. The 
"half-density contour" levels (L-M)/2 and (M-LV/2), thus 
defined the epicardial and endocardial interfaces respectively. 
This same technique was used to define the boundaries of the 
LV cavity for measurement of LV luminal area. 

Left ventricular measurement: The LV luminal area was 
calculated using the same magnified images as those for the 
wall thickness measurement. Using the half-density contour 
level as a guide, an irregular region of interest was traced along 
the endocardial margin of the left ventricle and mitral valve 
plane. Subsequent closure of the region and placement of the 
cursor within the region of interest, provided the value for 
luminal area, mean CT number of the region as well as the 
standard deviation of this mean value (Fig. 4). 

Data analysis: As described above, the end-diastolic and 
end-systolic images were chosen as the largest and smallest 
luminal areas. It is unlikely, however, that the end-diastolic 
and end-systolic images are at exactly the same sagittal level 
of the left ventricle, because of shortening of the major axis 
during systole. The extent of wall thickening at control, at 60 
seconds after LAD occlusion, and 60 seconds after release of 
the LAD occlusion was calculated for the septal, anterior and 
lateral walls. T'he percent extent of wall thickening was de- 
termined by subtracting the end-diastolic wall thickness from 
the end-systolic wall thickness and dividing the difference by 
the end-diastolic thickness X 100. Similarly, subtracting the 
end-systolic luminal area from the end-diastolic luminal area 
and dividing by end-systolic area X 100 provided the percent 
change in LV luminal area. 

Statistics: Wall thickness measurements for the septal, 
anterior and lateral walls were compared for each end-systolic 
and end-diastolic frame obtained at the control state, during 
occlusion, and after release of occlusion (Fig. 4, Table I). The 
calculated percent wall thickening and percent change in LV 
luminal area were also compared at rest, during occlusion and 
after release. All data are presented as the group mean + 
standard deviation. Diastolic and systolic values were analyzed 
for overall significance using the paired t test. Other com- 
parisons were made using the standard t test. 


Results 


Effect of LAD occlusion on extent of wall thick- 
ening: The group data for percent extent of wall 
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FIGURE 3. End-diastolic (left) and 
end-systolic (right) images from cine 
acquisition in the control state. The 
sites at which the septal, anterior and 
lateral walls are measured are 
shown. 


thickening in the control state, during LAD occlusion, 
and after release of LAD occlusion are presented in 
Figure 5. In the control state the extent of wall thick- 
ening was 53 + 26.7%, 37.2 + 15%, and 48.1 + 8.6% for 
the septal, anterior and lateral walls, respectively. 
During occlusion of the LAD, the ischemic anterior wall 
showed paradoxical thinning during systole, reflected 
by the percent extent of wall thickening of —5 + 6.5%, 
(p <0.01). Septal and lateral walls was not significantly 
different during occlusion compared to control; the 
extent of wall thickening during occlusion was 29.9 + 
22% and 30.1 + 25.5%, respectively. After the release of 
occlusion, the extent of wall thickening in the anterior 
segment returned to the preocclusion value; the mean 
value was 41.9 + 8.6%. In the reperfusion state, the 
septal and lateral walls remained near their control 
levels, with extent of wall thickening of 36.2 + 19.2% and 
24.1 + 8%, respectively. 

Effect of LAD occlusion on left ventricular lu- 
minal area: Group data for LV luminal area are pre- 
sented in Figure 6. In the control state LV luminal area 
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FIGURE 4. End-diastolic and end-systolic wall measurements for the 
control occlusion and release states in the septal, anterior and lateral 
walls. There is a marked decrease in systolic thickness of the anterior 
wall during occlusion. 








decreased by 50 + 17% from end-diastole to end-systole. 
During occlusion of the LAD, the change in luminal area 

was not significantly different from that during control, 

47 + 21% vs 50 + 17%. At 60 seconds after the release of 
LAD occlusion, the change in LV luminal area was also” 
not significantly different from that in the control state, 
44 + 23%. | 


Discussion 


Wall thickness and extent of wall thickening during. 
the cardiac cycle are sensitive and reliable measures of 
segmental myocardial function in regional ischemia.?-!? 
Indeed, wall thickening measurements may be the most 
sensitive and proximate measure of regional myocardial 
function.!! Ischemia-induced alterations in segmental 
wall thickening dynamics have been demonstrated 
using cross-sectional tomographic imaging techniques 
such as ECG-gated CT.1-912-16 and sector scan echo- 
cardiography.9-127 Prospectively ECG-gated CT has 
been used to monitor regional wall thickness throughout 
the cardiac cycle and has documented either complete 
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FIGURE 5. Extent of wall thickening in the septal, anterior and lateral 
walls during the control state, left anterior descending coronary artery 
occlusion and after release of occlusion. There is significant thinning 
of the anterior wall during occlusion. 
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` TABLE | Wall Thickness Measurements for the Septal, Anterior and Lateral Walls in the Control State, During Occlusion and 











um After Release of Occlusion in 6 Dogs 

| | Septum Anterior Lateral 

С О R С О R С о R 
E E REESE E, N ee E Т ee 
| Dog 1 

.8 ا ا —— УУ‏ 

E D 9 6 10.8 9.4 5.7 12.1 10.00 12.1 12 

. S 13.9 8.5 13.5 14.9 6 15.6 15.3 13.4 13.4 
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E 2007 

= TUM MM——————————M—M———MM—M——M 

4 D 7.8 10 7.8 11.7 12 9.4 12.2 10 10.8 

D S 15.8 14.9 13.5 14 12 13.9 16.8 16.1 14.4 

E Dog 3 

ү D 9.1 9.1 9 9.4 7.1 8.2 10.6 8.4 10 

3 S 12.9 9.6 11.4 13.8 6 12.6 14.8 13.4 12.2 

ا E EE АНИОН‏ ا ي ج صصص صصص b‏ 

б Dog 4 
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^ S 13 12.2 13.3 15.2 10.4 15.5 11.4 8.2 10.1 
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hi Dog 5 

ie D 10.1 7.4 9.7 9.6 6.8 7.9 11 13 11.6 

CSI S 13.8 11.9 11.6 11.9 6.8 11.5 16.5 14.7 14.4 

А Dog 6 

М р 6.5 8.6 8.6 9.4 8.6 8.7 11 11 11.5 

" S 9.4 13.7 12.2 12.7 9.6 11.9 17.2 15.2 15.2 

i 15983 

. Mean 

х Diastole 8+ 1* 9.2 42 9.3 + 1° 10.1 + 1t 8.6 2 9.6 = 2* 10.4 + 2* 10.5 + 2 иж 

___ Systole 13.12 12+ 2 12:6 = 1 13.7 + 1 8.5 + 2 13.5 + 2 15.9 + 2 14 + З 13 + 2 


` *p- 0.01; p = 0.05. 
= € = control state; О = occlusion; R = release. 


loss of wall thickening or actual wall thinning of the 
. jeopardized region after acute coronary occlusion. The 
results of the present study are similar to those obtained 
using ECG-gated CT? with paradoxical thinning in the 
‘ischemic segment after acute coronary occlusion.9:18.19 
As with all previous angiographic digital fluoroscopic 
апа CT studies devoted to the evaluation of LV function, 
contrast medium has an influence on cardiovascular 
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FIGURE 6. Changes in segmental left ventricular luminal area during 


control, occlusion and after release of occlusion. There is no significant 
difference in the percent change in luminal area among the 3 states. 


hemodynamics. Consequently, like many previous 
studies published over the past 2 decades, the current 
results must be interpreted in this light. 

Although ECG-gated CT can accurately assess 
myocardial wall dynamics during the cardiac cycle, such 
studies were achieved under carefully controlled ex- 
perimental conditions that are not directly applicable 
to the clinical situation. The handicaps of gating have 
been overcome by the development of a CT scanner 
with exposure times of 50 ms or less.929 The C-100 cine 
CT scanner used in the current study requires only 50 
ms per image, enabling multiple, complete images to be 
obtained during a single cardiac cycle. The potential to 
image acute myocardial events now seems realistic be- 
cause this can be accomplished with minimal amounts 
of intravenous contrast and a minimal period of breath 
holding. 

The present study indicates that cine CT can be used 
for detecting and quantitating acute myocardial 
ischemia. However, the ability of cine CT to detect wall 
thickening abnormalities that occur with nonocclusive 
stenosis that may result in only mild reduction in cor- 
onary blood flow is uncertain. Nonetheless, the study 
of LV contraction abnormalities in patients is a current 
ongoing project, the results of which are the subject of 
another report. 


Acknowledgment: We thank Lauranne Cox, RT, Peter 
Martin PhD, and Reggie Pike for technical expertise and 
dedication in operating the Cine-CT prototype scanner used 


in this study. We also thank Pedi Alcala for editing and typing 
this manuscript. 


References 


1. Doherty PW, Lipton MJ, Berninger WH, Skioldebrand CG, Carlsson E, 
Redington RW. Detection and quantitation of myocardial ischemia in vivo 
using transmission computed tomography. Circulation 1981;63:597- 
606. 

2. Slutsky RA, Mattrey RF, Long SA, Higgins CB. In vivo estimation of myo- 
cardial infarction size and left ventricular function by prospectively ECG- 
gated computerized transmission tomography. Circulation 
1983;67:759-765. 

3. Mattrey RF, Slutsky RA, Long SA, Higgins CB. In vivo assessment of left 
ventricular wall and chamber dynamics during transient myocardial ischemia 
using prospectively ECG-gated computerized transmission tomography. 
Circulation 1983;67:1245-1257. 

4. Berninger W, Redington RW, Leue W, Axel L, Normand D, Brundage B, 
Carlsson E, Herfkens RJ, Lipton MJ. Technical aspects and clinical ap- 
plications of CT/X, a dynamic CT scanner. J Comput Tomogr 1981;5: 


-215. 

5. Berninger W, Redington RW, Doherty P, Lipton MJ, Carlsson E. Gated 
cardiac scanning: canine studies. J Comput Tomogr 1979;3:155- 163. 

6. Boyd DP, Lipton MJ. Cardiac computed tomography. Proc IEEE 1983;7 1: 
298-307. 

7. Lipton MJ, Higgins CB, Farmer D, Boyd DP. Cardiac imaging with a high- 
speed cine-CT scanner: preliminary results. Radiology 1984;152:579- 
582. 

8. Boyd DP, Gould RG, Quinn JR, Stanley J, Hermansfeldt W. A proposed 
dynamic cardiac 3-D densitometer for early detection and evaluation of heart 
disease. IEEE Trans Sci 1979;26:2724-2727. 

9. Kerber RE, Marcus ML, Ehrhardt J, Wilson R, Abboud FM. Correlation 
between echocardiographically demonstrated segmental dyskinesis and 


February 15,1985 THE AMERICAN JOURNAL OF CARDIOLOGY “Volume sò- J 


10. 
11. 


12. 
13. 


14. 
15. 


16. 
17. 


18. 


19. 


20. 





ТТЕ, Dix 1 


| M: ps e: 
regional myocardial perfusion. Circulation 1975;52:1097— 1104. 3 
Gassch WH, Bernhardt SA. The effect of acute changes in coronary blood - 
flow on left ventricular end-diastolic wall thickness. An echocardiographic 1 
study. Circulation 1977;56:593-598. er 
Sasayama S, Franklin D, Ross J, Kemkper WS, McKown D. Dynamic - 
changes in left ventricular wall thickness and their use in analyzing cardiac - 
function in conscious dogs. Am J Cardiol 1976;38:870-879. 
Kerber RE, Abboud FM. Echocardiographic detection of regional myocardial. 
infarction: an experimental study. Circulation 1973;47:997—1005. 
Mattrey RF, Higgins CB. Detection of regional myocardial dysfunction during 
ischemia with computerized tomography: documentation and physiological - 
basis. Invest Radiol 1982; 17:329—-335. T 
Lipton MJ, Higgins CB. Evaluation of ischemic heart disease by comput- 
eue transmission tomography. Radiol Clin North Am 1980;18:557— j 
76. | 
Skioldebrand CG, Overfors CO, Mavroudis C, Lipton MJ. Assessment of - 
ventricular wall thickness in vivo by computed transmission tomography. - 
Circulation 1980;6 1:960-965. 6 
Lackner К, Thurn P. Computed tomography of the heart: ECG-gated and - 
continuous scans. Radiology 1981;140:413-416. x И 
Lieberman AN, Weiss JL, Judgutt BI, Becker LC, Bulkley BH, Garrison 
JG, Hutchins GM, Daliman CA, Weisfeldt ML. Two-dimensional echocar- - 
diography and infarct size: relationship of regional wall motion and thickening - 
R e A M of myocardial infarction in the dog. Circulation 1981,63: - 
739-746. 12 
Slutsky RA, Curtis б, Battler A, Froelicher V, Ross J Jr, Gordon D, Ashburn | 
W, Karliner J. Effect of sublingual nitroglycerin on left ventricular function - 
at rest and during spontaneous angina pectoris: assessment with radionu- . 
clide approach. Am J Cardiol 1979;44:1365- 1370. E 
Sharma B, Hodges M, Asinger RW, Goodwin JF, Francis GS. Left ven- 
tricular function during spontaneous anginal pectoris: effect of sublingua 
nitroglycerin Am J Cardiol 1980;46:34—41. i 
Ritman EL, Robb RA, Johnson SA, Chevalier PA, Gilbert BK, Gr eaf 
JF, Sturn RE, Wood EH. Quantitative imaging of the structure and function 
of the heart, lungs and circulation. Mayo Clinic Proc 1978;53:3-11. і 


ii 


1 


ш АА 


AUEL F Lee 
- HU m ; mu 


» " 


- س‎ T — 


: #. TA t KL 


Effects of Transient Increased Afterload During 
Experimentally Induced Acute Myocardial Infarction in Dogs 


HAIM HAMMERMAN, MD, ROBERT A. KLONER, MD, PhD, KEVIN J. ALKER, 


FREDERICK J. SCHOEN, MD, PhD, and EUGENE BRAUNWALD, MD 


Alterations in afterload may occur during acute 
myocardial infarction (AMI), but it is unknown 
| whether such alterations cause long-term changes 
-in the left ventricular topography or alter healing of 
the AMI. AMI was produced by ligation of the left 
anterior descending coronary artery in open-chest 
dogs. Eight dogs were randomized to a methoxa- 
mine group with an infusion dose of 30 ug/kg/min 
Starting 1 hour after ligation for 4 hours to increase 
Systemic systolic pressure by 40 to 50 mm Hg, and 
.8 were randomized to a saline control group (n — 8). 
Seven days later the dogs were killed and the hearts 
‘examined. The ratio of infarct wall thickness to 
.noninfarct wall thickness was 1.13 + 0.03 (mean 
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Increases in left ventricular (LV) afterload may occur 
during acute myocardial infarction (AMI). Although 
there has been considerable interest in the effects of 
altering systemic arterial pressure during the early 
phase of AMI,'? most studies have focused on the ef- 
fects of pressure alterations on the severity of ischemia, 
rather than on the long-term consequences. Specifically, 
the effects of increased afterload on the healing of AMI 
are unknown. This study investigates the effects of a 
brief period of methoxamine-induced systemic hyper- 
tension during experimental AMI on the healing of the 
infarct and on LV topography. Alterations in LV to- 
pography were assessed by determining an AMI ex- 
pansion index and the extent of scar thinning. 


Methods 


_ Thirty adult mongrel dogs were anesthetized with sodium 
pentobarbital (30 mg/kg intravenously); they were intubated 
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+ standard error of the mean) in control dogs and 
was 0.98 + 0.03 in the dogs treated with methoxa- 
mine (p «0.005). An expansion index was deter- 
mined as previously reported and expansion was 
considered to have occurred if this index exceeded 
1.09. The expansion index was 0.98 + 0.06 in the 
control group and 1.18 + 0.07 in the methoxamine 
group (p <0.05). Histologic analysis suggested a lag 
in the healing rate in the methoxamine-treated dogs. 
Thus, early, brief increases in afterload cause infarct 
expansion and thinning and appears to slow the 
early healing phase of AMI in dogs. 


(Am J Cardiol 1985;55:566-570) 


and mechanically ventilated with a Harvard respirator. А 
thoracotomy was performed in the fifth left intercostal space. 
The pericardium was incised and the proximal left anterior 
descending coronary artery was occluded with a silk ligature. 
One hour after coronary occlusion, the dogs were randomized 
to treatment with either saline solution or methoxamine. 
Methoxamine was administered as an intravenous infusion 
of approximately 30 ug/kg per minute to increase systolic 
arterial pressure by about 40 to 50 mm Hg for 4 hours. Sa- 
line-treated dogs received a similar volume of saline solution 
(100 ml/hour). At the end of the infusion, the thoracotomies 
were closed and the dogs allowed to survive for 7 days, at which 
time the dogs were reanesthetized with sodium pentobarbital. 
The hearts were arrested in diastole with potassium injection 
and then excised and immediately placed in formalin. The 
hearts were fixed in 1096 formalin and then were transversely 
sliced from apex to base into 5-mm-thick slices parallel to the 
atrioventricular groove. Expansion index was determined 
from the technique described by Eaton and Bulkley? (Fig. 1) 
and as previously used in our laboratory.” The transverse slice 
containing the greatest percentage of infarcted tissue was used 
for determination of expansion index. The midpoint of the 
ventricular septum was identified from the right ventricular 
side and the perpendicular bisector of the LV free wall was 
marked. Intersections of the septal bisector of the free wall 
divided each section into an anterior and posterior segment. 
The lengths of the endocardial margins for the anterior seg- 
ment containing the infarct as well as for the noninfarcted 
posterior segment were measured. An index of expansion was 
determined by dividing the endocardial length of the segment 
containing the infarct by the endocardial length of the non- 
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infarcted segment. Expansion was considered if the index 
exceeded 1.09, as described by Eaton and Bulkley.® We pre- 
viously reported’ that in animals without infarcts, the ratio 
of the anterior to posterior endocardial circumference averages 
0.97 + 0.03 (mean + standard deviation), a value similar to 
that reported by Eaton and Bulkley. 

In addition to the expansion index, measurement of 
thickness of the noninfarcted and infarcted LV walls were 
made on each section containing infarcted tissue along radii 
that passed through the center of the ventricular cavity. A wall 
thickness ratio was determined by dividing the average scar 
thickness by the average wall.thickness. In sham-operated 
dogs we have found this ratio to average 1.0 + 0.04 (mean + 
SD)? (Fig. 1). 

The extent of AMI was assessed by 2 techniques: In the first, 
the percent of LV mass that was infarcted was determined. 
The LV slices were traced on acetate overlays and the extent 
of infarcted and noninfarcted tissue was traced. The overall 
area of AMI was then determined by planimetry and corrected 
for the weight of the slice. The percent of LV mass that was 
infarcted was determined by dividing grams of necrotic tissue 
by grams of total left ventricle. In the second technique, the 
percent of the endocardial circumference on each slice which 
was infarcted was measured. At the time that measurements 
were made, the investigator did not know whether the heart 
was from a control or treated animal. 

After these measurements, a slice obtained from the in- 
farcted tissue at the midpoint between the tip and base of the 
papillary muscles was used for histologic analysis. The entire 
portion of the slice containing the infarct was conventionally 
processed and embedded in paraffin. Tissue sections (5 ш 
thick) stained with hematoxylin-eosin and Masson's trichrome 
(for collagen) stains were examined, without knowledge by the 
observer of whether the specimen was obtained from a treated 
or control dog, for the presence of macrophages, fibroblasts, 
collagen, new vessels, necrosis, edema, hemorrhage and 
polymorphonuclear cells. Two of the slices that contained 
infarcted myocardium were also examined for the extent 
of collagen deposition by analyzing hydroxyproline concen- 
tration in normal and infarcted tissue, as previously 
described.® 

Unpaired t tests were used to calculate the significance of 
differences of ratio of wall thickness, expansion index, he- 
modynamic data, infarct size and hydroxyproline content 
between 2 groups. A paired t test was used to calculate the 
differences in the same group. 


Results 


Of the initial 30 dogs entered into the study, 4 died 
of ventricular fibrillation before randomization; ven- 
tricular fibrillation developed in 1 dog in the control 
group, and this dog died after randomization; 4 dogs in 
the methoxamine group died before they were killed, 
presumably as a result of ventricular fibrillation. In 2 
dogs in the methoxamine group and 1 dog in the control 
group, AMI failed to develop. One dog in the methox- 
amine group could not be analyzed because the infarct 
was circumferential and 1 dog in the methoxamine 
group had hypertrophic cardiomyopathy (LV wall 
thickness greater than 1.4 cm; hypertrophy of this 
magnitude due to infarct would not be expected as early 
as 1 week after coronary occlusion). These 14 dogs were 
eliminated from the study. Thus 8 saline-treated and 
8 methoxamine-treated dogs survived for the full 7 
days. 

The infusion of methoxamine resulted in a significant 
increase in blood pressure in all dogs. After 1 hour of 
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е? 
Endocardial Length of Infarct-Containing Segment (A) 


Expansion Index = “Endocardial Length of Noninfarct Segment (B) | 


“Thinning Ratio = 9/6 


FIGURE 1. Method of quantification of infarct expansion. A midventric- — 
ular transverse section of a heart with an anterior infarction (stippled - 
area). Horizontal line marks the course of the septal bisector deter- - 
mined as described in the text. Index is calculated as the ratio between - 
the length of the infarct-containing segment (A) and the noninfarcted - 
segment length (B). (Adapted from Eaton and Bulkley?.) Thinning index - 
is calculated as the ratio of infarct thickness (a) to noninfarcted wall 
thickness (b). 


infusion of saline solution, in the control dogs the ar- 
terial pressure averaged 127 + 5/105 + 6 mm Hg (mean 
+ standard error of the mean); in methoxamine-treated - 
dogs the pressure 1 hour after methoxamine infusion · 
averaged 176 + 5/146 + 7 mm Hg (p <0.001). This in- 
crease in pressure was maintained throughout the pe- 
riod of methoxamine infusion (Table I). 

On examination of the gross pathologic specimens, - 
there were differences between the control and 
methoxamine-treated dogs. Figure 2A shows a slice of 
the left ventricle containing the infarct in a represen- 
tative control dog at 7 days; the infarcted wall was 
thicker than the noninfarcted wall and the endocardial 
contour of the zone of infarction did not bulge outwards. 
Figure 2B shows a slice of the left ventricle in a 
methoxamine-treated heart; the infarcted wall was 
slightly thinner than the noninfarcted wall and the 
endocardial segment containing the infarct bulged 
outwards compared to the noninfarcted region. All 
hearts had areas of myocardial infarction that were 
transmural or nearly transmural. | 

The results of myocardial infarct expansion deter- 
minations are shown in Figure 3. In control dogs this. 
index averaged 0.98 + 0.06; it exceeded 1.09, considered 
the upper limit of normal, in 2 of 8 dogs. In methoxa- 
mine-treated dogs the expansion index was significantly 
(p <0.05) greater at 1.18 + 0.07 and exceeded 1.09 in 7 
of 8 dogs. Thus, in most methoxamine-treated dogs the 
endocardial segment containing the infarct had a 
greater circumference than the segment that was not 
infarcted. 

The wall thickness ratios are shown in Figure 4. In 
control dogs the ratio of infarcted to noninfarcted wall 
thickness was 1.13 + 0.03. The increase in the thickness 
of the infarct at this time may have been due to the in- 
flux of macrophages and fibroblasts. In contrast, in 
methoxamine-treated dogs this ratio was significantly 
lower than in the control dogs, 0.98 + 0.03 (p <0.005). 

The percent of left ventricle that was infarcted, as 
measured by the planimetric technique, was 15 + 2% in 
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. control dogs and 21 + 4% in methoxamine-treated dogs 


25 er —X 9S 


- (difference not significant), and as determined by the 
endocardial circumference it was 20 + 2% in the control 


_ group and 32 + 5% in the methoxamine group (differ- 
. ence not significant). Thus, the overall mass of the left 


_ ventricle that was infarcted was not statistically dif- 
_ ferent between the 2 groups, although there was a trend 


- for the infarcts, particularly their endocardial circum- 
. ferences, to be greater in dogs in the methoxamine- 
` treated group. 


Histologic analysis of infarcts in control dogs showed 


- numerous fibroblasts, neovascularization, early collagen 


deposition, mononuclear cells and early granulation 
tissue at the edge of the infarct (Fig. 5A). Granulation 


` tissue and collagen deposition were less developed in 


methoxamine-treated than in control dogs (Fig. 5B). 


EXPANSION INDEX 





METHOXAMINE 


| FIGURE 3. Expansion index in control and methoxamine-treated dogs. 
Each point represents 1 dog. Open circles and bars indicate mean + 
standard error. 


CONTROL 


FIGURE 2. Left, transverse left ventricular slice from a 
control dog 7 days after induction of a myocardial in- 
farction. The infarct (arrow) is thicker than the opposite 
noninfarcted left ventricular wall and is not outwardly 
bulged. The anterior wall appears on the left. Right, 
transverse left ventricular slice from a methoxamine- 
treated dog. The infarct (arrow) is thinner than the op- 
posite noninfarcted wall and the endocardial region 
containing the infarct bulges outwardly, i.e., presents a 
convex appearance. Projected from apical side so that 
anterior wall appears on the right. 


The prevalence of polymorphonuclear leukocytes, 
macrophages and fibroblasts and the quantity of edema 
and collagen tended to be reduced in the methox- 
amine-treated group; hence, healing appeared to be 
suppressed. 

The hydroxyproline concentrations were higher in the 
infarcted than in the noninfarcted myocardium in both 
the control and the methoxamine-treated dogs; in ad- 
dition, there was a trend toward lower hydroxyproline 
concentrations in the latter dogs, although this was not 
statistically significant (Fig. 6). 


Discussion 


The results of this study show that a relatively brief 
(4-hour) increase in afterload induced by methoxamine 
soon after coronary occlusion resulted in relative 
thinning and expansion of the infarct that was apparent 
1 week after coronary occlusion. This period of systemic 
hypertension altered the histologic appearance of the 
myocardial infarcts in a manner suggesting that healing 
was impaired, with reduction in the deposition of col- 
lagen and of fibroblasts. These results suggest that even 
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CONTROL 

FIGURE 4. Wall thickness ratio data in control and methoxamine-treated 

dogs. Each point represents 1 dog. Open circles and bars indicate mean 
+ standard error. 
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FIGURE 5. Top, histologic section taken from the edge of an infarct in 
a control dog showing active deposition of fibroblasts, collagen, and 
mononuclear cells. Original magnification X 400. Bottom, histologic 

` section from the edge of an infarct in a methoxamine-treated dog 
showing sparseness of granulation tissue. Some cells (arrows) show 
calcification, a finding which is commonly seen at the edge of necrotic 
tissue. Original magnification X 1,000. 


a brief duration of hypertension may have a long-lasting 
effect on the myocardial scar and the topography of the 
ventricle. 

Previous studies assessing increases in afterload on 
myocardial infarction have concerned its effects on 
` ischemia and on the very early phases of infarction.!-9 
. Results have been variable with some investigators 
` reporting worsening, improvement or no change in 

ischemia or infarct size. Thus, Maroko et al! showed 
that elevation of systemic arterial pressure reduced the 
extent of ST-segment elevation after coronary occlu- 
` sion. Similarly, Ksiezycka and Maroko? reported that 








Normal Infarct Normal Infarct — | 

CONTROL METHOXAMINE _ : 

FIGURE 6. Results of hydroxyproline analysis in control and methox- 
amine-treated dogs. ЖҮЗ 
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elevation of arterial pressure during coronary occlusion | 
reduced the ultimate extent of anatomic infarction ех- 
pressed as a percentage of the region at risk; by aug- 
mentation of collateral flow to ischemic areas. On the 
other hand, Hillis et al? reported that marked increases 
in diastolic arterial pressure increased intramyocardial 
PCO; during ischemia, suggesting intensification of 
ischemia. Koyanagi et al!? reported that anatomic in- 
farct size was actually increased in dogs with hyper- 
tension (induced by renal artery stenosis) in which LV 
hypertrophy was also present. On the other hand, Bolli 
et al^ reported that early increases in systemic arterial. 
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. pressure induced by phenylephrine did not alter 
. myocardial infarct size during a 2-hour coronary oc- 
. clusion followed by 3 hours of reperfusion. Also, Roan 
. et al? showed that dogs made hypertensive by a phenyl- 
_ ephrine infusion beginning 5 minutes after coronary 
~ occlusion and continuing for 6 hours had infarct sizes 
_ similar to those of normotensive dogs. 
__ The results of our study suggest that if there аге any 
_ beneficial effects of increasing arterial pressure in the 
_ early phases of infarction, they may be masked by al- 
_ terations in LV topography, which are evident 7 days 
_ after coronary occlusion. The possibility cannot be ex- 
- cluded that at some point in time shortly after coronary 
occlusion infarcts in the methoxamine group were 
smaller; however, if they were this was not reflected at 
7 days. 
. The mechanism of action by which hypertension in- 
_ terferes in healing is unknown, but a likely possibility 
_ is that increased afterload during the early period of 
- infarct caused stretching and thinning of the infarcted 
tissue. Infarct expansion may have occurred very early, 
. possibly within the first few days of coronary ligation, 
and this may have contributed to impaired scar for- 
_ mation. Also, the trend toward larger infarcts in the 
. methoxamine group may have contributed to delayed 
. healing. 
. Several other interventions made during the early 
` phase of myocardial infarction can alter the topography 
_ of the left ventricle and induce changes in healing. For 
example, forced exercise during the first 24 hours of 
. coronary occlusion resulted in scar thinning in a rat 
model of myocardial infarction, while exercise com- 
mencing 1 week after coronary occlusion had a similar, 
though less dramatic, effect.!? A number of antiin- 
. flammatory agents, including methylprednisolone,!? 
- ibuprofen,!4^ indomethacin!® and piroxicam!9 admin- 
` istered during the first 24 to 48 hours of myocardial 
_ infarction result in thinning of the infarct 7 days’ or 6 
` weeks!?-16 after coronary occlusion. The thin scars in 
animals treated with methylprednisolone were associ- 
ated with impaired LV function.!? 
ki The presence of myocardial infarct expansion and 
` wall thinning may have important clinical implications. 
Bulkley and co-workers!?-!? showed that infarct ex- 
pansion occurs in humans and is associated with a 
higher incidence of congestive heart failure and of 
rupture of the left ventricle and papillary muscles, as 
- well as poorer prognosis. Therefore, any intervention 
likely to cause infarct expansion may be harmful. Shell 
and Sobel? reported that the treatment of hypertension 
in the course of acute myocardial infarction reduced the 
mortality rate when patients were matched for pre- 
dicted infarct size based on CK values. In addition, 
Observed infarct size was lower in hypertensive patients 
"treated with trimethaphan. The favorable effects of 
treating hypertension prevented infarct expansion and 
the deleterious consequences that resulted from it. 
_ At 1 week after infarction, hydroxyproline values in 
the ischemic tissue were increased over nonischemic 
myocardium, suggesting that collagen deposition begins 
within the first week of infarction, although the values 
ате not as high as they are at 6 weeks.!4 The non-sta- 
 tistically significant trend toward lower hydroxyproline 


values in the infarcts of the methoxamine-treated group 
is in agreement with the histologic data showing less 
granulation tissue in this group. 

In conclusion, moderate increases in afterload limited 
to the first 4 hours of myocardial infarction may impair 
infarct healing and alter LV topography with expansion 
and thinning of the LV wall. The level of hypertension 
induced in this study was within the range that may 
occur in patients with myocardial infarction who are 
anxious and have an increased sympathetic drive. A 
clinical implication of the present study is that hyper- 
tension should be avoided in acute myocardial infarc- 
tion, and if it occurs it should be promptly treated. 
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| RAL® (propranolol hydrochloride) Tablets 


EU o CONTRAINDICATIONS 
RAL is contraindicated in 1) cardiogenic shock. 2) sinus bradycardia and greater than 
degree block, 3) bronchial asthma. 4) congestive heart failure (see WARNINGS) unless 
failure is secondary to a tachyarrhythmia treatable with INDERAL. 
p WARNINGS 
IAC FAILURE: Sympathetic stimulation may be a vital component supporting circula- 
nction in patients with congestive heart failure, and its inhibition by beta blockade may 
Ditate more severe failure. Ithough beta blockers should be avoided in overt conges- 
eart failure, if necessary they can be used with close follow-up in patients with a history 
ire who are well compensated and are receiving digitalis and diuretics. Beta- 
ner ic blocking agents do not abolish the inotropic action of digitalis on heart muscle. 
N PATIENTS WITHOUT A HISTORY OF HEART FAILURE. continued use of beta blockers 

,in some cases, lead to cardiac failure. Therefore, at the first sign or symptom of heart 
i ure. the patient should be digitalized and/or treated with diuretics, and the response 
erved closely. or INDERAL should be discontinued (gradually, if possible). 


IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
agina and, in some cases. myocardial infarction, following abrupt discontinuance of 
IDERAL therapy. Therefore, when discontinuance of INDERAL is planned the dosage 
uld be gradually reduced over at least a few weeks and the patient should be cau- 
ed against interruption or cessation of therapy without the physician's advice. If 
| INDERAL therapy is interrupted and exacerbation of angina occurs, it usually is advis- 

_ able to reinstitute INDERAL therapy and take other measures appropriate for the man- 
gement of unstable angina pectoris. Since coronary artery disease may be 
scognized, it may be prudent to follow the above advice in patients considered at risk 
having occult atherosclerotic heart disease who are given propranolol for other 
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УЕ Bronchospasm (e.g., chronic bronchitis, emphysema)— PATIENTS WITH 
| BRONCHO PASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA BLOCKERS. 
_ INDERAL should be administered with caution since it may block bronchodilation produced 
/ коон and exogenous catecholamine stimulation of beta receptors. 
MAJOR SURGERY: The necessity or desirability of withdrawal of beta-blocking therapy 
prior to major surgery is controversial. It should be noted, however. that the impaired ability of 
ће heart to respond to reflex adrenergic stimuli may augment the risks of general anesthesia 
апа PM procedures. | Pr = fe 
У М ERAL. like other beta blockers. is a competitive inhibitor of beta-receptor agonists and 
ects can be reversed by administration of such agents, e.g.. dobutamine or isopro- 
'enol. However, such patients may be subject to protracted severe hypotension. Difficulty in 
irting and maintaining the heartbeat has also been reported with beta blockers. 
, DIABETES AND HYPOGLYCEMIA: Beta-adrenergic blockade may prevent the appear- 
ance of certain premonitory signs and symptoms (pulse rate and pressure changes) of acute 
lypoglycemia in labile insulin-dependent diabetes. In these patients, it may be more difficult 
st the dosage of insulin. 
A3YROTOXICOSIS: Beta blockade may mask certain clinical signs of hyperthyroidism. 
erefore, abrupt withdrawal of propranolol may be followed by an exacerbation of symp- 
s of hyperthyroidism, including thyroid storm. Propranolol does not distort thyroid function 


IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been 
orted in which, after propranolol, the tachycardia was replaced by a severe bradycardia 
iring a demand pacemaker. In one case this resulted after an initial dose of 5 mg 


ranolol. 

` PRECAUTIONS 
eral: Propranolol should be used with caution in patients with impaired hepatic or renal 
поп. INDERAL is not indicated for the treatment of hypertensive emergencies. 
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P BRAND OF PROPRANOLOL HC! 
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60mg  80mg 


90 mg* 


Beta-adrenoreceptor blockade can cause reduction of intraocular pressure. Patients 
should be told that INDERAL (propranolol hydrochloride) may interfere with the glaucoma 
screening test. Withdrawal may lead to a return of increased intraocular pressure. 

Clinical Laboratory Tests: Elevated blood urea levels in patients with severe heart disease, 
elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase. 

DRUG INTERACTIONS: Patients receiving catecholamine-depleting drugs such as reser- 
pine should be closely observed if INDERAL is administered. The added catecholamine- 
blocking action may produce an excessive reduction of resting sympathetic nervous activity 
which may result in hypotension, marked bradycardia, vertigo, syncopal attacks, or ortho- 
static hypotension. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term studies in animals have 
been conducted to evaluate toxic effects and carcinogenic potential. In 18-month studies in 
both rats and mice, employing doses up to 150 mg/kg/day, there was no evidence of signifi- 
cant drug-induced toxicity There were no drug-related tumorigenic effects at any of the dos- 
age levels. Reproductive studies in animals did not show any impairment of fertility that was 
attributable to the drug. 

Pregnancy: Pregnancy Category C. INDERAL has been shown to be embryotoxic in animal 
studies at doses about 10 times greater than the maximum recommended human dose. 

There are no adequate and well-controlled studies in pregnant women. INDERAL should 
be used during pregnancy only if the potential benefit justifies the potential risk to the fetus. 

Nursing Mothers: INDERAL is excreted in human milk. Caution should be exercised when 
INDERAL is administered to a nursing woman. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 
Most adverse effects have been mild and transient and have rarely required the withdrawal of 
therapy 

Cardiovascular: bradycardia; congestive heart failure; intensification of AV block; hypoten- 
sion; paresthesia of hands; thrombocytopenic purpura; arterial insufficiency, usually of the 
Raynaud type. 

Central Nervous System: Lightheadedness; mental depression manifested by insomnia, 
lassitude, weakness, fatigue; reversible mental depression progressing to catatonia; visual 
disturbances; hallucinations; an acute reversible syndrome characterized by disorientation 
for time and place, short-term memory loss, emotional lability, slightly clouded sensorium, 
and decreased performance on neuropsychometrics. 

Gastrointestinal: nausea, vomiting, epigastric distress, abdominal cramping, diarrhea, 
constipation, mesenteric arterial thrombosis, ischemic colitis. 

Allergic: pharyngitis and agranulocytosis, erythematous rash, fever combined with aching 
and sore throat, laryngospasm and respiratory distress. 

Respiratory: bronchospasm. 

Hematologic: agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic 
purpura. 

A - Un leri lag In extremely rare instances, systemic lupus erythematosus has been 
reported. 

Miscellaneous: alopecia, LE-like reactions, psoriasiform rashes, dry eyes, male impo- 
tence, and Peyronie's disease have been reported rarely Oculomucocutaneous reactions 
involving the skin, serous membranes and conjunctivae reported for a beta blocker (practo- 
lol) have not been associated with propranolol. 

*The appearance of INDERAL tablets is a registered trademark of Ayerst Laboratories. 
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Comparative Electrophysiologic Effects of Adenosine 1 
Triphosphate and Adenosine in the Canine Heart: E 
Influence of Atropine, Propranolol, Vagotomy, ун 
Dipyridamole and Aminophylline м 

AMIR PELLEG, PhD, BERNARD BELHASSEN, MD, REUBEN ILIA, MD, a 


and SHLOMO LANIADO, MD 


The electrophysiologic effects of adenosine tri- 
phosphate (ATP) and adenosine and the modifica- 
tion of these effects by atropine, propranolol, va- 
gotomy, dipyridamole and aminophylline were 
studied in a canine model. Both ATP and adenosine 
exerted transient, dose-dependent negative 
chronotropic and dromotropic effects on the sino- 
atrial and atrioventricular nodes, respectively. At all 
doses tested, the effects of ATP were more pro- 
nounced. Treatment with either atropine or pro- 
pranolol plus bilateral cervical vagotomy attenuated 
the effects of ATP but not of adenosine. In the 
presence of propranolol plus vagotomy, both the 


Early studies by Drury and Szent-Gyorgyi! showed that 
adenosine has transient negative chronotropic and 
dromotropic effects on the sinoatrial and atrioventric- 
ular (AV) nodes, respectively, in the mammalian heart. 
In later studies similar effects of adenosine triphosphate 
(ATP) and related compounds were demonstrated in 
human subjects as well as in various animal models.? 
The electrophysiologic effects of ATP and adenosine 
has led to their use as potent antiarrhythmic agents for 
the acute management of paroxysmal supraventricular 
tachycardia.? The electrophysiologic effects of adeno- 
sine in mammalian* and amphibian? hearts are medi- 
ated by extracellular purinergic receptors, different 
from the muscarinic cholinergic receptors. Despite ex- 
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negative chronotropic and dromotropic effects of - 
ATP and adenosine were enhanced and attenuated | 
in a similar manner by dipyridamole and amino- - 
phylline. Thus, when ATP and adenosine are injected - 
rapidly into the right atrium of the intact canine © 
heart, vagal involvement in the mechanism of action - 
of ATP but not of adenosine is mainly responsible for 
the difference in the magnitude of the electrophys- _ 
iologic effects of these 2 compounds, and only a 
small part of the electrophysiologic effects of ATP 
are the result of its degradation to adenosine. 


(Am J Cardiol 1985;55:571-576). 


tensive studies, less is known about the mechanism by 
which ATP exerts its electrophysiologic effects on the 
mammalian heart. Specificially, the degree to which the 
action of ATP depends on its degradation to adenosine, 
on vagal reflexes or on stimulation of purinoceptors has 
not been determined.? In the present study the elec- 
trophysiologic effects of ATP and adenosine in the ca- 
nine heart were systematically compared in the absence 
and presence of parasympathetic and sympathetic 
blockade. In addition, the influence of dipyridamole, 
an adenosine uptake inhibitor, and aminophylline, 
a competitive inhibitor of adenosine on the elec- 
trophysiologic effects of ATP and adenosine was also 
determined. 


Methods 


Forty-two mongrel dogs of either sex that weighed 15 to 30 
kg were anesthetized with sodium pentobarbital (30 mg/kg) 
and the cervical vagi were exposed bilaterally. A large-bore 
(1.5-mm) cannula for drug administration was introduced 
through the right femoral vein and its tip was positioned in 
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FIGURE 1. Comparative negative chronotropic effects, expressed as 

. percent maximal sinus rhythm cycle length (96 MSRCL) (mean + 
- Standard error of the mean), of increasing doses of ATP and adenosine 
- (ADN). At all 3 doses (0.97, 1.93 and 2.90 uL M/kg) the effects of ATP 
are significantly more pronounced. Stars indicate p values for the dif- 
ference between the effect of ATP and adenosine at a given 
. dosage. 
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the right atrium. А quadripolar electrode catheter (USCI #6) 
was introduced through the left femoral vein into the right 
atrium, for recording of atrial activity and for atrial pacing. 
"А bipolar electrode catheter (USCI #5) was introduced 
"through the left carotid artery and positioned in the aortic root 
for recording of His bundle activity. Systemic blood pressure 
аз continuously recorded on a Hewlett Packard recorder 
(model 7758B) from a catheter positioned in the right femoral 
artery. Intraatrial and His bundle electrograms and stan- 
-dard-lead ECGs were recorded with a Mingograph Elema 
recorder at paper speeds of 50 and 100 mm/s (during sinus 
rhythm and atrial pacing, respectively). A Medtronic 5325 
stimulator was used for cardiac pacing. 

_ Dose response: Three doses of ATP and adenosine were 
administered in 12 dogs: 0.97, 1.93 and 2.90 uM/kg. The lowest 
dose is in the clinical range? and the highest dose is similar to 
that used in a previous experimental study.® In each dog ATP 
and adenosine were administered into the right atrium in in- 
creasing order as bolus injection in less than 1 second during 
‘sinus rhythm and during atrial pacing at a cycle length of 300 
ms. Sinus rate and arterial blood pressure were allowed to 
recover (within 10% and 5%, respectively) before the admin- 





dig 





istration of the next dose. The electrophysiologic effects of 2.9 
uM/kg ATP and adenosine were also studied in each of the 
12 dogs after atropine administration (0.2 mg/kg). 

Pharmacologic interventions: To assess the role of the 
autonomic nervous system in the mechanism of action of ATP 
and adenosine, these compounds were administered in a 
similar manner as in the dose-response experiments at a dose 
of 1.6 mg/kg, which corresponds to 2.9 and 5.8 uM/kg ATP 
and adenosine, respectively, to 3 groups: (1) 11 dogs pretreated 
with the 8-adrenergic blocker propranolol at the effective 
blocking dose of 0.5 mg/kg; (2) 13 dogs pretreated with the 
muscarinic cholinergic blocker, atropine (0.2 mg/kg); and (3) 
18 dogs pretreated with both propranolol (0.5 mg/kg) and 
bilateral cervical vagotomy. In addition, to test for a role of 
the breakdown of ATP to adenosine in the electrophysiologic 
action of the former, the influence of the adenosine transport 
inhibitor dipyridamole’ (250 ug/kg, 10 dogs) and the com- 
petitive antagonist of adenosine at the Р; -ригіпосерќог site 
aminophylline? (5 mg/kg, 5 dogs) on the electrophysio- 
logic effects of adenosine and ATP was compared in the pre- 
sence of complete autonomic blockade (propranolol and 
vagotomy). 

Measurements: Sinus rhythm cycle length (SRCL) was 
measured from tracings of the right atrial electrogram. The 
maximal SRCL (MSRCL) following the administration of 
ATP or adenosine was determined and expressed as the per- 
cent increase in SRCL according to the following equation: 
% MSRCL = [(MSRCL — SRCL,)/SRCL,] X 100, where 
SRCL, is the control SCRL (mean of five consecutive inter- 
vals). In addition, SRCL was determined 15, 30, 45 and 60 
seconds following the administration of ATP or adenosine, 
and every 60 seconds thereafter until recovery to the control 
SRCL. 

AV conduction time, during right atrial paced cycle length 
of 300 ms, was taken as the interval between the stimulus ar- 
tifact of atrial pacing and the onset of the R wave of the QRS 
complex (S,R interval). HV interval was measured from the 
onset of the His bundle activity to the onset of the QRS 
complex. 

AV conduction blocks were classified as follows: (1) first- 
degree AV block— prolongation of S+R interval; (2) second- 
degree AV block—Wenckebach-type block of any degree; (3) 
high-degree AV block—2:1 or higher degree of AV block. 

The maximal SR interval (MS,R) was determined and 
expressed as the percent increase in MS,R according to the 
following equation: 7;MS,R = [(MS,R — S,R)/S.R.] X 100, 
where the SR, = the control value of S,R (mean of 5 consec- 
utive intervals). In addition, SR was determined 15, 30, 45 and 
60 seconds following the administration of ATP or adeno- 
sine. 

Statistical analysis: Chi-square, and 2-tailed Student t 
test for matched samples were used. p values «0.05 were 


TABLE | Dose-Dependent Dromotropic Effects of ATP and Adenosine 
7 OE XS sies E oes К dt M Lbs cc colo ea Огей ает ornatae SOUL NONO р 42 ОРИ ЖЕ OCT ee ee ОМЫР 


0.97 uM/kg 1.93 uL M/kg 
AV 
E: 96 MSR block 96 MSR 
ATP 1.6 + 0.896 1 15.9 + 2.196 
i (n — 11) (n — 11 
ADN 1.3 + 0.796 0 7.1 X 1.196 
А (п = 12) (п = 12 
p values NS NS <0.004 


ATP vs ADN 


2.9 u M/kg 2.9 u M/kg + Atropine 
AV AV 
block % МА block % MSR block 
15.6+ 1.9% 7 12.4 + 2.196 1 
n = 4) (n = 11) 
12.14 1.296 0 9.6 + 1.1% 0 
(п = 12) (п = 12 
<0.05 <0.05 NS NS 





1 The maximal negative dromotropic effects of ATP and adenosine (ADN), expressed as percent maximal stimulus-R = wave interval (96 MSR) 


+ standard error of the mean) and number of dogs with hi 


ee atrioventricular block. At the lowest dose, 0.97 и M/kg, there is no significant 


effect of ATP or ADN. At the intermediate and high doses, the effect of ATP is significantly more pronounced. 
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TABLE II Maximal Changes in Sinus Rhythm Cycle Length Caused by ATP and Adenosine in the Absence and Presence of Various Pharmacologic 


Epod vh. 


Interventions 


Post 
518 + 38 


(n = 5) 
«0.01 
«0.01 


Post P 


Aminophylline 


Pre 


458 + 32 449 + 36 
719 + 42 516 + 40 
457 + 29 449 + 32 


694 + 41 


Propranolol & Vagotomy 
Post 
439 + 16 
877 + 99 
482 + 15 
857 577 


(п = 10) 


Dipyridamole 
<0.01 
<0.01 


re 
415 + 15 
655 + 60 
416 + 16 
628 + 49 


448 + 16 
727 + 54 


446 + 15 
694 + 26 


Propranolol & 
Vagotomy 
(n = 18) 
<0.05 
NS 


Pre 
867 + 126 
361 + 15 
626 + 53 


340 + 15 


Post 
500 + 20 
1468 + 202 
492+ 19 
830 + 78 


= 11) 
NS 
NS 


Propranolol 
(n 


Pre 
359 + 19 
1075 + 175 
380 + 19 
703 + 73 


Post 
581+ 63 
352+ 18 
607 + 63 


356 + 17 
<0.05 


Atropine 
(n = 13) 
NS 


Pre 
343 + 15 
887 + 139 
355 + 16 
617 + 63 


345 + 10 
888 + 91 


363 + 11 
635 + 39 


pre vs post 


for ATP 
p values 


PRE 
POST 
p values* 
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pre vs post 


Cycle length values are in milliseconds. 


difference in sinus rhythm cycle lengths (96 MSRCL). 


p values were calculated from the percent 
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considered significant. All data are presented as mean t 
standard error of the mean. zs 
Results 193 


Dose response: Both ATP and adenosine exerted 
dose dependent transient negative chronotropic and 
dromotropic effects (Fig. 1, Table 1). These effects 
reached a maximum in 10 to 15 seconds and disap- 
peared in an exponential manner in less than 120 sec- 
onds. In each case the administration of ATP and. 
adenosine during sinus rhythm resulted in sinus. 
bradycardia without apparent disturbances in AV 
conduction. The latter were observed only during right ' 
atrial pacing. His bundle recording indicated that AV 
conduction delay and block were located only in the AV 
node without any significant change in HV interval. The 
chronotropic effects of ATP were qualitatively similar. 
but quantitatively, significantly more pronounced than. 
those of adenosine at all doses (Fig. 1). The percent 
maximal sinus rhythm cycle lengths (% MSRCLs) after 
0.97, 1.93 and 2.90 uM/kg ATP were 24.8 + 3.0, 55 + 9.0, 
129.6 + 27.9, respectively. The %MSRCLs after iden- 
tical doses of adenosine were 13.3 + 2.7, 26.3 + 3.9 and 
43.7 + 7.1, respectively. 

The maximal negative dromotropic effects of АТР. 
and adenosine are summarized in Table I. At the lowest 
dose (0.97 uM/kg) there was no significant effect of ei- 
ther ATP or adenosine. At the intermediate and high 
doses, AV conduction disturbances caused by ATP were. 
significantly more pronounced than with adenosine. At 
the high dose, the incidence of high-degree AV block 
induced by ATP was also significantly greater than that 
of adenosine (7 vs 0, p «0.05). 

Pharmacologic interventions: Control group: After 
1.6 mg/kg of ATP and adenosine (30 dogs) were ad- 
ministered, the %7MSRCL was 155 + 22% and 75 + 22%, 
respectively (p <0.01) (Table II, Fig. 2 and 3). 

The administration of ATP during atrial pacing in 26 
dogs resulted in high-degree AV block in 14 of 26 dogs, 
prolongation (percent maximal stimulus-R-wave in- 
terval [mean% MS,R] = 16%) of SiR intervals in 7 dogs, 
and transient atrial fibrillation in 5 dogs. Adenosine 
caused similar effects in 1 dog, 19 dogs (mean %MS;R 
= 18%), and 6 dogs, respectively. The negative dromo- 
tropic effect of ATP was statistically more pronounced 
(p <0.001) than that of adenosine. 

Effects of muscarinic cholinergic blockade: 
Pretreatment with atropine resulted in pronounced 
attenuation of the sinus bradycardia caused by ATP 
(Tables I and II, Fig. 3). The % MSRCL decreased from 
145 + 32% to 55 + 12% (p <0.05). In contrast, the neg- 
ative chronotropic effect of adenosine was not altered 
by atropine. The %MSRCL was 71 + 12 and 69 + 13 
before and after atropine, respectively. 

The negative dromotropic effect of ATP on AV con- 
duction was markedly attenuated by atropine. After 
ATP administration, high-degree AV block was present 
in 4 of 10 control dogs, first-degree AV block in 2 and 
atrial fibrillation in 4 and in the presence of atropine in 
0, 8 and 2, respectively. In contrast, the delay in AV 
conduction caused by adenosine was not significantly 
altered by atropine: High-degree AV block was present 
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. FIGURE 2. The percent maximal sinus rhythm cycle length and the 
_ temporal changes of percent sinus rhythm cycle length after adminis- 
_ tration of ATP and adenosine (ADN) in the control group (п = 30) and 
_ the group with autonomic blockade (n = 18). The maximal effects of 
АТР and adenosine in the control group are statistically different. 
de However, no difference is found in the treated group. 


e 
E 
in no dog, first- degree AV block in 8 dogs and atrial fi- 
‘brillation i in 2 in both control and atropine-treated 
А groups, and in addition, the %MS,R was 16 + 8% and 13 
`+ 7% in the control and the atropine-treated groups, 
respectively. 

Effects of autonomic blockade: Pretreatment with 
‘propranolol (Table II, Fig. 3) did not modify signifi- 
cantly the negative chronotropic effects of ATP and 


adenosine. However, with propranolol administration 
the %MSRCL caused by ATP tended to increase (from 
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#MSRCL 
250 








153 + 22% to 188 + 36% in control and drug-treated 
dogs, respectively), while the %MSRCL caused by 
adenosine was slightly decreased under these conditions 
(75 + 10% vs 66 + 12%, respectively). 

Bilateral cervical vagotomy in dogs pretreated with 
propranolol resulted in significant attenuation of the 
sinus bradycardia caused by ATP, i.e., the 4v; MSRCL 
was decreased from a control value of 153 + 22% to 57 
+ 9% (p «0.05) (Table II, Fig. 2 and 4). The same 
treatment resulted in a nonsignificant attenuation of 
the negative chronotropic effect caused by adenosine 
(75 + 10% vs 52 + 9% in the control and treated dogs, 
respectively). 

AV conduction delay after ATP administration was 
improved in 10 dogs and worsened in 3 (p «0.025) by 
pretreatment with propranolol plus vagotomy. The 
improvement was characterized by a decreased degree 
of AV block in 7 dogs and shortening of AV conduction 
time in 3. Deterioration in AV conduction involved an 
increased degree of AV block in 2 dogs and an increased 
delay in AV conduction time in 1 dog. The same pre- 
treatment did not modify the negative dromotropic 
effects of adenosine. AV conduction improved i in 5 dogs, 
by reducing AV conduction time in each case, and 
worsened in 5 dogs, characterized by an increased degree 
of AV block in 2 dogs and a prolongation of AV con- 
duction time in 3 dogs. 

Effects of dipyridamole: Dipyridamole given to 
dogs pretreated with propranolol plus vagotomy caused 
a significant and equal enhancement of the negative 
chronotropic and dromotropic effects of ATP and 
adenosine. In addition, the recovery times from these 
effects were markedly prolonged (60 to 120 seconds in 
the control and 300 to 500 seconds in the drug-treated 
group). The %MSRCLs after ATP and adenosine ad- 
ministration were increased from 57 + 13% to 100 + 24% 
(p <0.01) and from 41 + 12% to 78 + 15% (p <0.01), 
respectively (Table II, Fig. 4). In the presence of dipy- 
ridamole the delay in AV conduction after adminis- 
tration of ATP and adenosine was aggravated in 7 dogs 
and improved in 1 dog (p <0.001). The increased delay 
in AV conduction was manifest by the appearance of 
complete AV block in 2 dogs and an increase in 
%MSRCL in 5. 


200 
FIGURE 3. Influence of -adrenergic and cholinergic 

150 muscarinic blockade on the chronotropic effect of ATP 
and adenosine (ADN). Propranolol did not significantly 
alter the chronotropic action of ATP and ADN. Atropine 

100 significantly (* p <0.01) attenuated the effect of ATP 
but not that of ADN. * p <0.01, ATP vs ADN. %MSRCL 
= percent maximal sinus return cycle length; NS = not 

50 significant. 
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FIGURE 4. Negative chronotropic action of ATP and adenosine (ADN) before and after autonomic blockade (propranolol + vagotomy) and its alteration 
by dipyridamole and aminophylline. Autonomic blockade significantly (1 р <0.01) attenuated the action of ATP but not of ADN, such that the significant — 
difference (* p <0.01) between the 2 actions was abolished. Administration of dipyridamole and aminophylline in the presence of autonomic blockade 


significantly enhanced and attenuated the actions of ATP and ADN, respect 


and aminophylline, respectively). 


Effects of aminophylline: In dogs pretreated with 
propranolol plus vagotomy, aminophylline treatment 
significantly (р <0.01) attenuated the chronotropic and 
dromotropic effects of ATP and adenosine. The 
%MSRCLs decreased from 57 + 9% to 15 + 3% and from 
52 + 9% to 16 + 2%, respectively (Table II, Fig. 4). In all 
5 dogs tested, AV conduction was improved in the 
presence of aminophylline. In the absence of the 
drug, second-degree AV block developed in 3 dogs after 
ATP or adenosine; it did not develop in the presence of 
aminophylline. In 2 dogs, the AV conduction delay after 
ATP and adenosine decreased, i.e., the %MS,R interval 
shortened in the presence of aminophylline. 


Discussion 


The main findings of the present study were: (1) Both 
ATP and adenosine exerted transient dose-dependent 
negative chronotropic and dromotropic effects on the 
sinoatrial and AV nodes, respectively, in the canine 
heart. (2) The effects of ATP were significantly more 
pronounced than those of adenosine. (3) Either vagot- 
omy or cholinergic muscarinic blockade attenuated the 
electrophysiologic effects of ATP but not those of aden- 
osine. (4) In the presence of autonomic blockade, 
aminophylline attenuated and dipyridamole enhanced 
the electrophysiologic effects of both ATP and 
adenosine. 

The transient depressant effects of ATP and adeno- 
sine on the canine sinoatrial and AV nodes in the 
present study confirm previous results from studies of 
various mammalian hearts.? The present data indicate 

- that the canine sinoatrial node is more sensitive to both 
_ ATP and adenosine than the AV node. The pronounced 
sinus bradycardia induced by these compounds pre- 


ively. (Ө, * p «0.01 and ж, *x p «0.01 before and after dipyridamole 
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sumably prevented manifestation of depressant йч 
оп AV nodal conduction during sinus rhythm; however, 
the latter were unmasked when ATP and adenosine 
were administered during atrial pacing. E ] 

The differential electrophysiologic effects of 
ATP and adenosine: In the present study the electro- 
physiologic effects of ATP were more pronounced than “ 
those of adenosine even when the molar doses of aden- 
osine were twice those of ATP. These results are in 
congruence with those of Munoz et al? who used an 
experimental model similar to ours. In contrast, James® 
found no difference between the chronotropic actions. 
of these compounds, and Urthaler and James? noted a 
pronounced negative dromotropic effect of ATP but not 
of adenosine. These results? are difficult to compare 
with ours because of differences in methods. Indeed, 
while in the present study ATP and adenosine were 
administered rapidly into the right atrium, James? and 
Urthaler and James? injected these compounds more 
slowly into the sinoatrial and AV nodal and septal ar- 
teries, respectively. Conceivably, since ATP is rapidly 
metabolized!9.!! and the half life of adenosine is less 
than 10 seconds,!? relatively slow rates of intracoronary 
administration may have made the detection of differ- 
ences between the effects of ATP and adenosine much 
more difficult. Indeed, when rapidly injected into the 
canine AV nodal artery, adenosine does cause dose- 
dependent AV nodal conduction delay and block.!%!4 

Vagal involvement in the mechanism of action of 
ATP: The involvement of the vagus in the mechanism 
of action of ATP but not of adenosine is indicated by the 
following results: Pretreatment with atropine markedly 
attenuated the maximal negative chronotropic and 
dromotropic effects of ATP but not of adenosine, and 


коа She et ОЙК scs N A ILU As. aa AD ДАА ET КАУ на ge bf NC ib: - doa Pas ҮТ AY Agee 
ГЖ VU эй i d T2 o EYE obe Ais trt Ser EA LU ГА ТУ ids PERAE, SAN rie. cosas Zr aiU КЫ an eer | 








` 576 ELECTROPHYSIOLOGIC EFFECTS OF ATP AND ADEI 

attenuation similar to that seen with atropine was 

achieved by vagotomy in the presence of propranolol 

although the latter by itself tended to augment the ef- 
fects of ATP but not of adenosine. These findings con- 
firm previous suggestions of vagal involvement in the 
mechanism of action of ATP.? 

The nature of the vagal involvement in the mecha- 
nism of action of ATP remains unclear. The enhance- 
ment of efferent vagal discharges caused by ATP ap- 
_ parently depends on the route of administration. Thus, 
vagal involvement in the action of ATP is observed 
when the drug is administered into the right atrium but 
not when it was given through the coronary arteries.5:? 
Further studies are required for the exact localization 
of the triggering site of the vagal reflex by ATP. Since 
the molecular structure of ATP differs from that of 
adenosine only by the presence of 3 phosphate groups, 
itis tempting to speculate that this relates to the vagal 
component in the action of ATP in a cause and effect 
manner. 
` The role of adenosine in the action of ATP: In dogs 
‘pretreated with propranolol plus vagotomy the negative 
chronotropic and dromotropic effects of ATP and 
adenosine were significantly and equally enhanced and 
attenuated by dipyridamole, an inhibitor of nucleoside 

transport’ and aminophylline, a competitive antagonist 

of adenosine,” respectively. These results suggest that 
in the canine heart, so-called P;, purinergic receptors,!6 
‘аге involved in the mechanism of action of adenosine 
and that part of the electrophysiologic effects of ATP 
are the result of its breakdown to adenosine. In addition, 
the fact that in the presence of atropine, ATP at equi- 

‘molar dose exerted significantly more pronounced ef- 

fects than adenosine suggests that biologically active 

products of ATP breakdown (i.e., ADP and AMP) may 
also contribute to the overall effects of ATP. 

— Limitations of study: Although we showed quanti- 
tative differences between the electrophysiologic actions 
-of ATP and adenosine and furthermore, established the 
role of the vagus in these differences, the specific 
mechanism of action of either ATP or ADN with respect 
to receptor sites or the mechanism by which ATP in- 
dicates vagal reflex were not determined. In addition, 
the presence of barbituate anesthesia could adversely 

affect vagal involvement in the electrophysiologic ac- 

tions of ATP and adenosine. Further studies are re- 
quired before the exact mechanisms of action of ATP 
and adenosine are fully elucidated. 

Clinical implication: The electrophysiologic actions 
of adenosine in the canine heart are qualitatively similar 
to those of ATP. Thus, as was shown in a preliminary 
clinical study,!7 adenosine can probably replace ATP 
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successfully in the acute management of supraventric- 
ular tachycardia. Furthermore, ATP reduced pulmo- 
nary blood flow in experimental models!?:!9 апа 
triggered vagal reflex in selected group of patients.19-?! 
Thus, the direct action of adenosine, without involve- 
ment of the vagus, may be advantageous with respect 
to the frequency and severity of side effects. 
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Coffee, Tea and Cholesterol 
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Concern that coffee may contribute to coronary artery 
disease (CAD) has waxed and waned over the years, 
although reviewers have concluded!” that the weight 
of evidence is against any important increase in risk of 
CAD as a result of coffee consumption. А much publi- 
cized Norwegian study reported by Thelle et al^ showing 
an association between drinking coffee and total serum 
cholesterol has rekindled interest in this subject by 
providing a plausible biologic mechanism for a link 
between coffee and CAD. Thelle et al pointed out that 
reports from other sources, including data from U.S. 
populations, have not consistently shown a coffee- 
cholesterol association. The Norwegian investigators 
speculated that the disparities among studies may be 
attributable to the amount of coffee drunk (substan- 
tially more in Norway than in the U.S.) or to differences 
in preparation methods in Norway and the U.S. 

We studied data about coffee habits and total serum 
cholesterol in 42,627 white men and women who un- 
derwent health examinations from 1978 to 1981. Be- 
cause caffeine is a substance that may mediate a meta- 
bolic effect of coffee on cholesterol and because a causal 
interpretation of a caffeine-cholesterol relation implies 
that other caffeine-containing beverages should also 
raise cholesterol, we also studied tea consumption and 
cholesterol level. Persons who underwent health ex- 
aminations indicated their usual daily coffee and tea 
intake by checking responses to multiple-choice items 
on a health history questionnaire. No information is 
available about type of coffee or tea taken, specific 
methods of preparation, or use of cream, milk, sugar or 
other substances in the coffee or tea. Total serum cho- 
lesterol determinations were done on blood samples 
from all examinees. High-density lipoprotein (HDL) 
cholesterol determinations were done when total serum 
cholesterol was more than 250 mg/dl. The HDL data are 
available from 2,608 men and 3,062 women, approxi- 
mately 12% of the study group. Analysis was by linear 
regression, with control for 7 covariates. 

'There was a clear association of drinking more coffee 
to higher levels of total serum cholesterol in both men 
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and women (p «0.0001 for trend test in each sex) (Table — 
I). Significant (р = 0.003) increments of total serum _ 
cholesterol were found among persons whose average | 
intake was less than 1 cup of coffee per day compared — 
with nondrinkers of coffee. In fact, more than a third of 
the coffee-associated increment in cholesterol in men — 
and about half of the coffee-associated increment in — 
women occurred among these users of very small | 
amounts of coffee. In contrast, no consistent relation of 4 
tea use to total serum cholesterol was present (Table I; 
p value for trend test was 0.4 іп women and 0.3 in men, | 
difference not significant). % 
The data concerning coffee, tea and HDL (Table Ш) | 
show no consistent relation of either beverage to HDL - 
in either men or women. We recognize that selection of 
a special subset of persons for HDL testing (those with | А 
total cholesterol >250 mg/dl) could produce statistical - : 
artifacts. Therefore, the HDL findings must be regarded | 
as more tentative than the data concerning total serum - 
cholesterol. The following observations favor validity 
for the HDL data: (1) We know of no theoretical reason. 
why correlates of HDL should be different among per- 
sons with relatively high total serum cholesterol than | 
among persons with lower total cholesterol levels; (2) 
alcohol use showed the expected positive relation to 
HDL in this subgroup; and (3) tobacco use showed the © 
expected inverse relation to HDL in this subgroup. — - 
Our data with respect to coffee and total serum cho- + 
lesterol are compatible with those reported by Thelle - 
et al.4 Although Norwegians drink much more coffee - 
than Americans, there was an uninterrupted association | 
at all coffee-drinking levels between coffee and total | 


TABLE! Adjusted Mean Levels of Serum Total 
Cholesterol* in 22,187 White Men and 25,424 
White Women According to Coffee and Tea 
Consumption 
Total Cholesterol (mg/dl) (% of Persons in 
Category) 
Coffee Tea 
Cups/Day Men Women Men Women 
None 216.3 219.6 220.9 222.3 
(reference) (17.4) (19.0) (57.0) (45.7) 
1 219.5! 222.6! 218.81 222.1 
(10.3) (10.0) (26.8) (31.0) 
1-3 222.31 224.0 219.6 222.4 
(48.9) (51.6) (14.2) (19.8) 
4-6 224.41 224.8! 225.2 223.1 
(17.8) (15.0) (1.6) (2.7) 
>6 225.91 225.41 223.8 226.4 
(5.6) (4.4) (0.4) (0.8) 


* Controlled for age and Quetelet's adiposity index as continuous 
variables and, categorically, for cigarette smoking (never smoked, 
exsmoker, smoked < 1 pack/day, > 1 pack/day), alcohol use (9 cate- 
gories), marital status (4 categories), educational attainment (5 cate- - 
gories) and birthplace (U. S. or foreign). 4 

t p <0.01 vs levels in ова drinkers; ї p <0.001 vs levels іп - 
non-coffee drinkers. 
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TABLE Il Adjusted Mean Levels of High-Density 

| . Lipoprotein Cholesterol* in 2,604 White Men 
and 3,057 White Women According to Coffee 
and Tea Consumption 





High-Density Lipoprotein (mg/dl) (96 of Persons in 


Category) 
4 Coffee Tea 

` Cups/Day Men Women Men Women 

None 48.0 63.8 49.8 65.1 
` (reference) (10.6) (12.4) (59.1) (48.6) 

<1 51.6! 64.6 49.1 64.1 
(6.8) (7.4) (24.8) (28.1) 

1-3 51.17 68.1} 49.0 65.3 
(55.9) (59.7) (13.6) (18.8) 

4-6 49.7 66.7 47.6 69.1 
(20.0) (15.6) (1.9) (3.1) 

>6 46.7 67.9 51.6 67.4 
(6.8( (4.9) (0.7) (1.3) 


* Controlled for same variables listed in footnote to Table |; high- 
density lipoprotein cholesterol determined only if the total serum cho- 
lesterol was 2 250 mg/dl. 

t p <0.01 vs levels in non-coffee drinkers * p «0.001 vs levels in 
non-coffee drinkers. 


serum cholesterol in both populations. This finding 
suggests no threshold in the relation and the irrelevance 
of brewing methods. Our data concerning coffee and 
HDL cholesterol are also consistent with the adjusted 
HDL cholesterol values reported by Thelle et al.4 Thus, 
the major relation of coffee to total serum cholesterol 
presumably involves the atherogenic low-density lipo- 
protein fraction or the very low density lipoprotein 
fraction. 
_ The disparity in findings between coffee and tea 
suggests that caffeine is not the substance involved in 
an apparent effect on cholesterol. Whereas a first glance 
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Simultaneous Percutaneous 
~ Transluminal Coronary Angioplasty 
__ and Transcatheter Embolization of 
latrogenic Aortocoronary Vein Fistula 
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Coronary artery bypass grafting (CABG) can be com- 
plicated by inadvertent grafting of a coronary vein. This 
may result in continued angina pectoris related to the 
unbypassed critically narrowed coronary artery! or to 
congestive heart failure? secondary to a left-to-right 
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encourages the interpretation that some other constit- 
uent of coffee might raise cholesterol, closer examina- 
tion leads us to consider a noncausal interpretation. An 
occasional cup of coffee would probably not cause an 
increase in cholesterol of the magnitude we observed. 
In addition to those we controlled for, several other 
possible confounders may explain explain our obser- 
vations: Dietary confounders (e.g., substances added to 
coffee or overall dietary habits) could be a significant 
explanation, as well as nondietary confounders, in- 
cluding ethnicity, exercise, psychosocial traits and 
stress. 

Cholesterol thus joins cigarette smoking? as an es- 
tablished CAD risk factor that has some link to coffee 
use. Presumably, coffee use and cigarette smoking are 
not causally related, but the nature of the coffee-cho- 
lesterol relation is not clear. Given the difficulty of 
identifying all potential confounders of the coffee- 
cholesterol relation, we hope that clinical experiments 
will be undertaken. For the present, we agree that the 
preponderance of current evidence fails to support an 
independent coffee-CAD relation. It remains premature 
to proscribe coffee as a means of reducing CAD risk. 
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shunt. Therapeutic recommendations have included no 
treatment,^? surgical ligation of the iatrogenic aorto- 
coronary vein fistula with or without revascularization 
of the diseased агёегу,!:25-? and percutaneous embolic 
occlusion of the aortocoronary vein fistula.? This report 
describes a patient in whom percutaneous transluminal 
coronary angioplasty (P'TCA) of the underlying sten- 
osed coronary artery and percutaneous embolic occlu- 
sion of the aortocoronary vein fistula was performed 
simultaneously. 


A 53-year-old man underwent CABG in May 1980, because 
of angina pectoris after an acute anterior myocardial in- 
farction. Surgery was complicated by complete heart block, 
and a VVI pacemaker was implanted. After recovery from 
surgery the patient had dyspnea on exertion. In addition to 
medical therapy for congestive heart failure, he was given 
a DDD pacemaker. He remained relatively symptom free 
until June 1984, when he described recurrence of angina and 
increased exertional dyspnea. The blood pressure was 140/80 
mm Hg. An S4 gallop was present but no murmurs were 
noted. The electrocardiogram demonstrated atrioventricular 
sequential pacing. The chest roentgenogram showed an en- 
larged cardiac silhouette, normal lung fields and normally 
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FIGURE 1. A caudiocranial posteroanterior projection of the saphenous 
vein aortoanterior interventricular vein graft. The anterior interventricular 
vein (AIV) can be seen joining the great cardiac vein (GCV). SVG = 
saphenous vein graft. 


positioned pacemaker leads. Repeat cardiac catheterization 
demonstrated the pulmonary artery pressure to be 42/19 mm 
Hg and the left ventricular end-diastolic pressure to be 19 
mm Hg. The left circumflex coronary artery was totally oc- 
cluded and the right coronary artery was narrowed 70% in 
diameter. Saphenous vein bypass grafts to the right coronary 
artery and to an obtuse marginal branch of the left circum- 
flex artery were patent. The proximal left anterior de- 
scending coronary artery was narrowed 90% in diameter. 
The saphenous vein graft intended for it was found to be 
connected to the adjacent anterior interventricular vein (Fig. 








FIGURE 3. Thirty-degree right anterior oblique projection of the sa- 
phenous vein aortoanterior interventricular vein graft after percutaneous 
embolization. Multiple Gianturco coils can be seen in the distal portion 
of the vein graft (arrow). 


1). A left-to-right shunt was noted angiographically to be 
small and therefore quantitation was not performed. The left 
ventricular cavity was dilated and the anteroapical wall was 
hypokinetic. Combined PTCA and percutaneous embolic 
occlusion of the aortocoronary vein fistula were performed. 
PTCA was carried out from the right femoral artery. A 
0.014-inch guidewire was easily passed across the narrowing 
of the left anterior descending artery. A 2.5-mm low-profile 
USCI dilating catheter was inflated multiple times up to 9 
atm for 60 seconds. Once an excellent angiographic result was 
obtained (Fig. 2) a No. 8Fr Amplatz catheter was engaged 
in the aortic anastomosis of the aberrant saphenous vein 
graft. Three large- and 4 medium-size Gianturco coils® were 
advanced through the Amplatz catheter and into the sa- 
phenous vein using a guidewire. Repeat angiography dem- 
onstrated occlusion of the saphenous vein graft (Fig. 3). On 
follow-up at 2 months the patient had had no further angina 
and had increased his exercise tolerance to the level he en- 
joyed before angina recurred. 





FIGURE 2. A, 30° right anterior oblique projection of the native left anterior descending coronary artery demonstrating the proximal high-grade 
stenosis (arrow). B, 30° right anterior projection after percutaneous transluminal coronary angioplasty demonstrating marked improvement in 
the lumen caliber (arrow). Note the Gianturco coils in the saphenous vein graft (SVG). 
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“Eight cases м аА АА она 
; vein fistula complicating CABG have been reported.!-7 
` The patients presented with recurrent angina, evidence 
_ of coronary ischemia by exercise testing, congestive 
heart failure, decreased exercise tolerance or continuous 
precordial murmurs. Five patients with severe symp- 
toms underwent repeat operations with ligation of the 
 aortocoronary vein fistula with or without revascular- 
ization of the diseased coronary artery. 
To our knowledge, percutaneous embolic occlusion 
ч coronary saphenous vein grafts has been reported 
wice previously. Grollman et al? described a patient i in 
| whom the proximal anterior interventricular vein had 
been inadvertently grafted. The patient complained of 
fatigue, decreased endurance and dyspnea. The pa- 
ent's symptoms were thought to be secondary to the 
К left- to-right shunt and not to myocardial ischemia. The 
saphenous vein graft was percutaneously embolized with 
а mechanical device and the patient’s symptoms im- 
“proved. Kim et al? in 1983, reported a successful trans- 
catheter embolization of a leaking pseudoaneurysm 
involving a saphenous vein aortocoronary bypass 
| graft. 
Lk Angina or congestive heart failure refractory to 
medical therapy constitute clear indications for aorto- 
| coronary vein fistula repair. In asymptomatic patients 
it is not clear whether the threat of infective endocar- 
ditis, pulmonary hypertension or hemopericardium, as 













_ Coronary Arterial Occlusion Three 
cae After Successful Thrombolysis 
and Angioplasty at the Same Site 





PIERRE MATERNE, MD 
MICHEL VANDORMAEL, MD 
FRANCIS HASTIR, MD 
CHRISTOPHE DUBOIS, MD 
PHILIPPE MARCELLE, MD 
PIERRE COLLIGNON, MD 
HENRI E. KULBERTUS, MD 


LEG Nds quema СОРУШАТ 
ME сй: aUo A PR h еу 


When significant residual stenosis of a coronary artery 

is observed after successful early streptokinase (STK) 
therapy for acute myocardial infarction, one is tempted 
to complete the procedure by percutaneous translu- 
тіпа! angioplasty (PTCA) or early bypass surgery.'-? 


| ` A52-year-old man with chronic effort angina was admitted 
- for suspected acute myocardial infarction after chest pain 
У КУ 50 minutes in duration. The electrocardiogram (ECG) 
showed severe ST-segment elevation in leads V, to Vs. Pain 
гапа electrocardiographic changes did not subside after ad- 
ministration of intravenous (i.v.) nitroglycerin (0.6 mg). A 
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seen in congenital coronary atrioventricular fistulas, are 
sufficiently frequent to justify intervention. In this 
patient, both angina and exertional dyspnea were suc- 
cessfully treated using PTCA and percutaneous embolic 
occlusion of the aortocoronary vein fistula. 
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perfusion of i.v. STK (500,000 U/30 min) was started within 
10 minutes of admission. One hour after initiation of STK, 
ventricular fibrillation was noted. Total CK reached 1,426 
IU/liter (CK-MB 13% ) at the twelfth hour. Two hours after 
the onset of pain, coronary angiography demonstrated a 
severe stenosis (80% ) of the left anterior descending coro- 
nary artery (LAD) after the first septal branch (Fig. 1A). Left 
ventriculography showed akinesia of the anterolateral and 
apical segments (Fig. 1B); ejection fraction was 44%. PTCA 
was successfully performed (Fig. 1C). The patient was dis- 
charged from the hospital 10 days later with diltiazem (360 
mg/day) and oral anticoagulant therapy. On discharge, the 
ECG showed a QS pattern in leads Vi and Vs with negative 
T waves and a tiny q wave in lead V3; stress test results were 
normal and the thallium-201 scintigram showed a small 
anteroseptal defect with no extension at exercise. At 10 
weeks, a control coronary angiography demonstrated per- 
sistent patency of the LAD at the site of PTCA (10% residual 
stenosis) (Fig. 2A). Left ventriculography indicated marked 
improvement of global ejection fraction (57% ) and regional 
contractility (Fig. 2B). Meanwhile the patient remained free 
of angina while taking the same medication. At 11 weeks, he 
was readmitted for recurrence of prolonged chest pain. The 
ECG demonstrated marked ST-segment elevation in all 
precordial leads, which did not subside after i.v. nitroglycerin 
(0.6 mg) and sublingual nifedipine (10 mg). The time be- 
tween onset of pain and admission was sufficiently short (60 
minutes) and a second i.v. thrombolysis was attempted with 
urokinase (bolus dose of 750,000 U, then 1,500,000 U over 90 
minutes). A coronary angiogram performed 21/5 hours after 
the onset of pain revealed complete occlusion of the LAD at 
the site of the previous stenosis (Fig. 3A). Intracoronary 
nitroglycerin (0.6 mg) was without effect. Left ventriculog- 
raphy showed,an ejection fraction of 50% and akinesia of the 











anterolateral and apical segments (Fig. 3B). Recanalization 
was achieved using a 0.14 guidewire, followed by PTCA (Fig. 
3C). On discharge (day 10), the ECG showed a QS pattern 
in leads V, to V4 and an inversed T wave in leads V2 to Vs; 
the exercise test results were normal and no residual ische- 
mia was seen on the thallium-201 scintigram. Coronary an- 
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giography performed 3 months after the second procedure 
indicated moderate (40% ) stenosis of the LAD, but the left 
ventricular regional abnormalities remained as severe as 
during the second acute event. The longer delay between 
onset of pain and reperfusion during the second infarction 
may explain the extent of myocardial damage. 
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FIGURE 1. First admission. A, left coronary angiogram (right anterior oblique view) showing 80% stenosis of the midportion of the left anterior — 
descending artery after streptokinase was given. B, left ventriculography (right anterior oblique view) performed after streptokinase administration 
and before percutaneous transluminal coronary angioplasty. Comparison of the left ventricular end-systolic and end-diastolic contours shows an- 
terolateral and apical akinesia. C, Left coronary angiogram (right anterior oblique view) immediately after percutaneous transluminal coronary 


angioplasty, showing 1096 residual stenosis. 


FIGURE 2. Control study, 10 weeks. A, left coronary angio- 
gram (right anterior oblique view) showing 10% residual 
stenosis. B, left ventriculography (right anterior oblique view). 
There is improvement of regional contractility compared with 
Figure 1B. 








FIGURE 3. Second admission, 11 weeks. A, left coronary angiogram (right anterior oblique view) demonstrating complete occlusion of the mid-left 
anterior descending artery. B, left ventriculography (right anterior oblique view) showing anterolateral and apical akinesia. C, left coronary angiogram 
(right anterior oblique view) obtained after recanalization and percutaneous transluminal coronary angioplasty of the left anterior descending 


artery. 
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. Early STK therapy followed by PTCA (or surgery) 
. appears to be a rational and promising approach to the 
. treatment of acute myocardial infarction. In the present 
. case, the results at 10 weeks after this combined therapy 
` appeared satisfactory. However, at 11 weeks, an acute 
_ coronary occlusion recurred at the site of the previous 
- one. Whether this was due to a thrombus or to pro- 
` longed spasm could not be determined. We conclude 
that successful correction of the stenosis by thrombol- 
- ysis and then PTCA does not preclude an acute reste- 
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_ Although coronary angiography involves minimal risk, 
cit is sufficiently invasive that symptoms suggestive of 
myocardial ischemia are usually needed before the 
- procedure is indicated, and presymptomatic patients 
їп an at-risk group generally do not undergo catheter- 
_ ization. A practical method for obtaining coronary 
_ anatomy is computed tomographic (CT) scanning of 
_ contrast-filled coronary arteries. To visualize the epi- 
- cardial coronary branches, a 3-dimensional (volume) CT 
- image must be generated that contains the entire cor- 
_ onary tree, and the volume must be scanned fast enough 
- to minimize image blurring and distortion due to cardiac 
motion. These features are available with the dynamic 
spatial reconstructor (DSR). In this report, we describe 


4 


our initial use of the DSR to evaluate coronary anatomy 


- from a single selective contrast medium injection into 
Ње left coronary artery. 

. The DSR is a prototype instrument (Fig. 1) capable 
_ of scanning a 3-dimensional volume 21.5 cm in length 
and in diameter in 0.01 second and at a rate of 60 
 times/s. It contains 14 x-ray sources with 14 corre- 
_ sponding video based imaging chains. The x-ray tubes 
_ and image chains are mounted on a rotating turret (15 
rpm) and are pulsed sequentially to provide 12-degree 
increments in viewing angle around the semicircular 
_ scanning arc. Detailed description of the DSR has been 
- provided in previous studies.1-? 
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nosis, even if calcium antagonists and anticoagulant 
drugs are chronically administered. 
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The subject was a 65-year-old man who weighed 62 kg. 
Coronary disease was documented on coronary angiography. 
His clinical status at the time of the DSR scan was stable. He 
gave informed consent before the DSR study. He was pre- 
pared for the scan in a conventional cardiac fluoroscopic 
room adjacent to the DSR. An No. 8Fr left Judkins coronary 
catheter was inserted into the femoral artery using the per- 
cutaneous approach and advanced to the ascending aorta 
above the left coronary ostium. Heparin (5,000 U) was given 
intravenously and the patient was positioned in the DSR. 
The coronary catheter was then advanced under fluoroscopic 
guidance using 1 of the DSR x-ray systems, and engaged in 
the left coronary orifice. After a brief contrast injection to 
verify catheter position, a DSR scan was made over 17 sec- 
onds during manual injection of 8 cc of Renografin-769 into 
the left main coronary artery. Radiation detectors on the 
forehead, over the thyroid, over the midsternum and on the 
inner surface of 1 thigh monitored x-ray exposure. 

On completion of the scan, the catheter was removed, 
heparin reversed with protamine and hemostasis secured by 
digital pressure. He was discharged the following morning. 
The radiation exposure to the patient resulting from a total 
of 17 seconds of DSR scan plus the DSR fluoroscopic proce- 
dure was: 0.05 R to the eye, 1.12 R to the thyroid, 13.6 R to the 
sternum and 0.03 R to the gonadal region. 


Reconstruction of the image of the coronary arteries 
was done from 6 sequential video fields (scan duration 
0.10 second) in late diastole in each of 4 sequential heart 
cycles. These 24 volume images were added to create a 
single "gated" volume image made from multiple con- 
tiguous transaxial slices, each 1.2 mm thick, with picture 
elements in each slice approximately 1.2 X 1.2 mm. 
Picture elements (voxels) with a CT number less than 
a certain value were removed from the display by 
“windowing.” Voxels that contained densities (CT 
values) representative of the contrast-filled coronary 
arteries remained in the display. The coronary artery 
image was displayed on a video screen using the pro- 
jection disolution display technique.? The pseudo 3- 
dimensional display allowed operator-selected rotation 
of the coronary tree around all 3 cardinal axes so that 
vessel segments hidden by superimposed branches were 
uncovered. We also measured stenosis severity using a 
computer technique that allowed us to search the vol- 
ume image for selected coronary branches. This tech- 
nique provided cross-sectional images of the artery at 
1-mm intervals along the vessel, and the cross-sectional 
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FIGURE 1. Top, dynamic spatial reconstructor 
(DSR) with multiple x-ray tubes and video cam- 
eras. Bottom, flow chart of the data-processing 
sequence between the scanner (far left) and the 
operator-interactive data analysis system (far 
right). Reproduced with permission from Chevalier 
PA et al. Synchronous volumetric computed to- 
mography for quantitative studies of structural and 
functional dynamics of the respiratory system. In: 
Mathys H et al. Basel: S. Karger. Prog Resp Res 
1979;11:1-32. 
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was analyzed with a quantitative angiographic tech- 
nique similar to that described by Brown et al, using 
an analysis system designed in our laboratory.® 

Figure 2, bottom panel, shows views of the recon- 
structed left coronary arteries, selected by rotation of 
the single 3-dimensional display. Figure 2, top panel, 
shows similar views from the conventional angiogram 
performed several weeks before the DSR scan. 

Figure 3 is a comparison of DSR calculated cross- 
sectional area with measurements obtained by quanti- 
tative angiographic analysis. Regression of DSR-cal- 
culated brightness-area product,’ which represents an 
index of arterial cross-sectional area against area by 
quantitative angiography, is shown in Figure 4. The 
correlations coefficient of 0.942 indicates that the 
DSR-derived cross-sectional area closely matches the 
area measured by quantitative angiography. 

These results and similar animal studies‘ indicate 
that this technique provides a means of assessing cor- 
onary artery anatomy and determining the presence and 
severity of coronary stenoses. 
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FIGURE 2. Bottom, representative coronary images obtained from the 
dynamic spatial reconstructor (DSR) by computer-generated rota- 
tion of the 3-dimensional image data to provide different views on a 
video screen. Top, similar views obtained by conventional coronary 


angiography. 
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The limitation of the presently configured DSR re- 
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FIGURE 3. Calculated cross-sectional area _ 
of the left main, left anterior descending - 
and circumflex coronary arteries (Cor. Art.) - 
from quantitative coronary angiography — 
(shaded area) and from the dynamic spatial - 
reconstructor (DSR) using calibrated - 
brightness-area product. 
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right coronary injection, adequate opacification of a - 
segment of the proximal right coronary artery was _ 
achieved. In the patient reported here, we used selective _ 
left coronary injection to provide images adequate to _ 
overcome the limited density resolution of the DSR. We 
are improving the 14 image chains to provide the dy- . 
namic range needed to obtain complete coronary images _ 
in adults from 1 intravenous bolus injection of opaque - 
contrast material. à 

The advantage of this approach to coronary arteri- - 
ography is that multiple coronary views are obtained 
from a single contrast injection, and the superposition 
of other opacified structures, such as cardiac chambers | 
and great vessels, does not interfere with the visual- _ 
ization of the coronary arteries. 
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For elderly patients with angina,” the transdermal nitroglycerin patch on the left can 
be as difficult to open as a childproof cap. 


Nitro-Dur is easier to open, easier to apply. Its size is comfortable to handle. Its 
backing is easy to peel off from any corner. And its application is simple—no 
continual pressure is needed. Nitro-Dur was designed to fit comfortably into the lives 
of angina patients—particularly the elderly. 


No wonder it has won a place so close to so many hearts. 


Symptoms of hypotension may be due to overdosage. If hypotension occurs, the dosage should be reduced. In terminating treatment, the dosage must be 
gradually reduced over a 4- to 6-week period 


"All transdermal nitroglycerin products are being marketed pending final evaluation of effectiveness by the FDA 


Nitro-Dur 
(nitroglycerin) 


Transdermal Infusion System 


Practical not pretty. 


See next page for brief summary of prescribing information. 








DESCRIPTION: The Nitro-Dur Transdermal Infusion System 

contains nitroglycerin їп а gel-like matrix composed of glycerin, 

. . Water (purified), lactose, polyvinyl alcohol, povidone and so- 

- .. dium citrate to provide a continuous source of the active 

. . ingredient. Nitro-Dur is available in dosage sizes 5cm?, 10cm?, 
.. 15cm? and 20cm?, containing 26 mg, 51 mg, 77 mg and 104 

mg of nitroglycerin, respectively, thereby providing a range of 

dosing levels of nitroglycerin. Each unit is sealed in a polyester- 

- . foil-polyethylene laminate. The bandage portion consists of a 

. . Medical grade non-woven, heat sealable, microporous tape. 

-CLINICAL PHARMACOLOGY: When the Nitro-Dur system is 

-~ applied to the skin, nitroglycerin is absorbed continuously 

| through the skin into the systemic circulation. This results in 

| active drug reaching the target organs (heart, extremities) 

„before deactivation by the liver, Nitroglycerin is a smooth 

p muscle relaxant with vascular effects manifested predominantly 

- . by venous dilation and pooling. The major beneficial effect of 

. Ritroglycerin in angina pectoris is a reduction in myocardial 

.. Oxygen consumption secondary to vascular smooth muscle 

- relaxation with resultant reduction in cardiac preload and 

| afterload. In recent years there has been an increasing recogni- 

_ tion of a direct vasodilator effect of nitroglycerin on the 

. Coronary vessels. 

In bioavailability studies using healthy volunteers,’ transder- 

. mal absorption of nitroglycerin from Nitro-Dur achieved steady 
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- State venous plasma levels, and maintained these levels for 24 
ў; hours. Detectable plasma levels were attained within 30 min- 
~ utes after application of the system, and were still detectable 
—— 380 minutes after removal of the system. Precise definition of 
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-. | INDICATIONS AND USAGE: This drug product has been 
Dy conditionally approved by the FDA for the prevention and 
| treatment of angina pectoris due to coronary artery 


| disease. The conditional approval reflects a determination 
. | that the drug may be marketed while further investigation 
|... | Of its effectiveness is undertaken. A final evaluation of the 
-. | effectiveness of the product will be announced by the FDA. 
| i 7 

_ CONTRAINDICATIONS: Intolerance of organic nitrate drugs, 
~ Marked anemia, increased intraocular pressure or increased 
-= intracranial pressure. 


-— WARNINGS: The Nitro-Dur system should be used under 
-Careful clinical and/or hemodynamic monitoring in patients 

. . With acute myocardial infarction or congestive heart failure. 
—.. n terminating treatment of angina patients, both the dosage 
p and frequency of application must be gradually reduced over a 
" . period of 4 to 6 weeks in order to prevent sudden withdrawal 
... feactions, which are characteristic of all vasodilators in the 
T nitroglycerin class. 

den Safe use in pregnancy has not been established relative to 
.. possible adverse effect on fetal development, but neither have 
Ж adverse effects on fetal development been established. There- 
fore, use of nitroglycerin in pregnant women should be 

ЖАЙ balanced against the risk of uncontrolled angina pectoris. 


PRECAUTIONS: Symptoms of hypotension, such as faintness, 
| weakness or dizziness, particularly orthostatic hypotension, 
.. may be due to overdosage. If during the course of treatment 
these symptoms occur, the dosage should be reduced or use 
.... of the product discontinued. 
—  Nitro-Dur is not intended for use in the treatment of acute 
М anginal attacks. For this purpose, occasional use of sublingual 
Nitroglycerin may be necessary. 

. ADVERSE REACTIONS: Transient headache is the most com- 
. mon side effect, especially when higher doses of the drug are 
EC 










. administered. Headaches should be treated with mild anal- 
-  gesics while continuing Nitro-Dur therapy. If headache persists, 
` the Nitro-Dur dosage should be reduced. 
Adverse reactions reported less frequently include hypoten- 
- Sion, increased heart rate, faintness, flushing, dizziness, 
nausea, vomiting, and dermatitis. Except for dermatitis, these 
-.. Symptoms are attributed to the pharmacologic effects of 
"t nitroglycerin. However, they may be symptoms of overdosage. 
~ When they persist, the Nitro-Dur dosage should be reduced or 
. use of the product discontinued. 
| HOW SUPPLIED: Nitro-Dur Transdermal Infusion System, 
- Scm?, 10cm2, 15cm? and 20cm^, is available in unit dose 
.. packages of 28 and hospital packs of 100. 
_ CAUTION: Federal law prohibits dispensing without 
К prescription. 
- PATIENT INSTRUCTIONS FOR APPLICATION: Patient instruc- 
- tions are furnished with each unit dose package. 


; For complete prescribing information, please see package 
nsert. 


E "Data on file: Key Pharmaceuticals, Inc. Revised 05/84 





` Ef KEY PHARMACEUTICALS, INC. 
5 Miami, Florida 33269-0670 
Ж World leader їп 

' drug delivery systems. 
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If it's not the new 16th edition of 
MODERN DRUG ENCYCLOPEDIA, 
you can't be sure. 

MODERN DRUG ENCYCLOPEDIA 
and Therapeutic Index 16th Edition 
Arthur J. Lewis, MD, Editor 

Gertrude Dittus Gonzales, R.Ph., B.S., Pharm., 


Executive Editor 
Charles L. Winek, Ph.D., Contributing Editor 
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The 16th Edition of MODERN DRUG ENCYCLOPEDIA is written 
especially for the practitioner who needs complete, objective information 
on prescription drugs. 


An independent team of pharmacists and physicians has researched 
and edited all the facts on 3,000 prescription drugs. It passes this 
research on to you in an easy to absorb style that’s perfectly suited to 
the tight schedule of a time pressed practitioner. 


Some handbooks just reprint manufacturers’ package inserts. They 
don't edit. Just print material manufacturer pays to have included. 
Here’s what careful planning does for MODERN DRUG 
ENCYCLOPEDIA: 

e limits entries to prescription drugs. You don't waste time flipping 
through pages of extraneous drugs. 

e lists over 3,000 pharmaceuticals, biologicals, and allergens in one a-z 
sequence. 

* arranges entries by generic name. All brand names in one place. 

e written in concise language for quick comprehension. 

e designed with a "strong focus” layout, easy-to-read type, and bold 
subject headings. 


The 1,000 page main section arranges over 3,000 drugs 
alphabetically by generic name. Each entry covers vital facts about 
brand names and each manufacturer that markets their own brand. 


Three a-z indexes provide instant access to all the material found in 
the main section as follows: 

e GENERAL INDEX of all brand generic names in handy alphabetic 
sequence. 

e THERAPEUTIC INDEX of which drugs are prescribed for which 
purpose. Allows you a wide selection of therapy based on your 
patient's special needs. 

e MANUFACTURERS INDEX of names and addresses and product 
names. Helps you identify the drug when you only know the 
manufacturer's name. 
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... Left Main Coronary Artery Spasm: 
` Angiographic Demonstration During 
Spontaneous Angina 


FUMIO YOSHINO, MD 
TETSUHIDE UNOKI, MD 
KAZUHIDE FUKAGAWA, MD 
TAKESHI MIYAMOTO, MD 
YASUO MATSUDA, MD 


Herein we report left main coronary artery (LM) spasm 
demonstrated angiographically during spontaneous 
angina. 


A 47-year-old woman presented with a 2-month history 
of anginal attacks at rest in the early morning. The attack 
lasted for a few minutes without any association of syncope 
or dyspnea. The findings of the admitting physical exami- 
nation were normal. Blood pressure was 120/76 mm Hg; pulse 
rate was 60 beats/min and regular. The electrocardiogram 
(ECG) at rest was normal. Chest x-ray was normal. The ECG 
during a spontaneous attack of angina showed ST-segment 
depression in all leads except for aVR, V; and V». Cardiac 
catheterization was performed in the early morning, when 
the attack usually occurred. A left ventriculogram showed 
mild hypokinetic motion in the anterolateral area. There was 
a 20% tubular narrowing of the LM. When spontaneous 
angina occurred during catheterization, the ECG showed 
changes similar to those observed during the spontaneous 
attack before catheterization. The LM had subtotal occlusion 
with slow filling of contrast medium to the distal left coro- 
nary artery (Fig. 1). Sublingual nitroglycerin promptly re- 
lieved the angina and resolved ST-segment changes. There 
was no significant stenosis in the other left (Fig. 1C) and in 
the right coronary artery. Subsequently, the angina was 
controlled with diltiazem and long-acting isosorbide dini- 
trate. She has been free of angina after discharge with these 
medications. 
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Cold-Induced Immersion Injury: A 
Potential Hazard of the 
Cold Pressor Test 


STEPHEN CAMPBELL BSc, MRCP 
DAVID E. JEWITT BSc, FRCP 


Cold pressor stimulation is an easy and frequently 
performed form of stress testing in conjunction with 
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FIGURE 1. Left coronary arteriograms in the right (A) and left (B) anterior 
oblique projection during spontaneous attack of angina and in the left 
anterior oblique projection after administration of sublingual nitroglycerin 
(C). 1 х 


LM spasm is rare." In patients with LM spasm, the |. 
provocative test such as the ergonovine maleate test — 
may be hazardous. Аз in this case, the indication of a 
provocative test should be carefully considered. — 

This patient's angina was controlled well by coronary ы 
vasodilator drugs; however, the prognosis in patients - 
with LM spasm remains questionable. "8 Д 
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nuclear cardiac imaging." Complications appear un- - 
common. We describe an unusual sequel to this test. 
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. hand was immersed up to the wrist for 4.5 minutes in iced 
water at a temperature of 0°С. Heart rate and blood pressure 


^ 


X were recorded at minute intervals, and the electrocardiogram 
. was monitored continuously. She complained of some minor 
pain and numbness in the hand during the test, which di- 
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. there was much less edema and erythema although some 
- pulp tenderness persisted. Five days later the hand appeared 
_ to have returned completely to normal. She denied a history 
_ suggestive of Raynaud's phenomenon, and blood screening 
_ revealed normal values for hemoglobin, platelets and sedi- 
~ mentation rate. There was no clinical evidence of significant 
2 peripheral vascular disease. Investigations for cryoglobu- 
- linemia, cold agglutinins, autoantibodies and immuno- 
- globulin abnormalities were negative. 


Et This patient had features of mild superficial frostbite? 
to the immersed hand, an unusual complication of the 






Doppler Detection of Acquired 
Ventricular Septal Defect 


PATRICIA C. COME, MD 


dr 
- Because it can detect both shunt flow and valvular 
_regurgitation,! Doppler echocardiography provides 
an excellent noninvasive method for detecting ven- 
- tricular septal rupture and for determining the presence 
_ ог absence of associated mitral regurgitation. Two pa- 
tients described here illustrate its value in detecting 
_ defects too small to be recognized by oximetry, radio- 
nuclide study and routine imaging echocardiography. 
—— Patient 1: A 58-year-old man, with subendocardial acute 
myocardial infarction (AMI) 7 months previously and 
- polymyalgia rheumatica treated with 17.5 mg prednisone 
daily for 1 year, was admitted with a transmural anterior 
wall AMI. It was complicated by ventricular tachycardia, 
hypotension, congestive heart failure, atrial fibrillation and 
a pericardial friction rub. Four days after admission, a new, 
grade 3/6 holosystolic murmur, maximal at the left sternal 
border and radiating to the apex, was noted. Blood samples 
obtained using a Swan-Ganz catheter initially revealed no 


[ 





From the Charles A. Dana Research Institute and the Harvard-Thorndike 
Laboratory of the Beth Israel Hospital, Department of Medicine, Beth 
Israel Hospital and Harvard Medical School, 330 Brookline Avenue, 
Boston, Massachusetts 02215. Manuscript received August 2, 1984; 
revised manuscript received September 28, 1984, accepted October 
1,1984. — 


m 
А 
petit 


, 4 کہ‎ i T 
fy Mee ii | ЧИЛЕР; 
“уз ы 3 * aK >, Э, Ф я - 
Уз “Ж! е0 29, 5 ; - tee И =” | 4 y 
ee € wg ‹ м: Puri. ae NT- г, ig 2 Te 2 





1 ‘a7, &: = me aos? ف‎ b MX 
ac у v» ; A w nre x КУА ДАГА, 
УС IE s NR o uh i ` UA Pape 

r^ 5 75 mU ANEN Ip Sat eS RE xoc 


lation. For this latter stress period the patient's left. 
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cold pressor test, especially in the absence of a possible 
predisposing underlying disease. Cold pressor stimu- 
lation is thought to act partly by inducing generalized 
a-receptor-mediated vasoconstriction of both the cor- 
onary? and peripheral‘ arteries. However, the well 
known intense local cutaneous response to cold,? with 
a-mediated vasoconstriction followed by vasodilatation, 
mediated by way of an axon reflex, may have been the 
underlying mechanism in this case. Propranolol further 
impairs the peripheral circulation, probably by causing 
reduced cardiac output and also allowing unopposed 
a-adrenergic activity to predominate on peripheral 
vessels. In this patient it had been briefly discontinued 
but was restarted soon after the test, and this may be 
relevant in explaining the exaggerated response to the 
cold stress. 
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oxygen stepup in the right ventricle, but repeated oximetry 
and radionuclide studies 12 hours later indicated a left- 
to-right ventricular shunt with a Qp/Qs ratio of 1.7 to 1.8. 
Echocardiographic study revealed an enlarged left ventricle, 
with akinesia of the anterior, septal and lower inferior walls 
and apical dyskinesia. Pulsed Doppler evaluation, performed 
using an ATL Mark 600 echograph with carrier frequency 
of 3.0 MHz, revealed both mild mitral regurgitation and a 
left-to-right ventricular shunt (Fig. 1). Only after Doppler 
localization of the region of highest velocity shunt flow did 
imaging echocardiography suggest a very small area of septal 
dropout. The area of suspicious dropout was seen only in the 
subcostal view. 

Cardiac catheterization revealed severe stenosis of the left 
anterior descending coronary artery. Slight mitral regurgi- 
tation was detected. An intraaortic balloon was inserted ‚апа 
the patient underwent successful infarctectomy and patch 
repair of a distally located ventricular septal defect. 

Patient 2: A 60-year-old man was referred to the echo- 
cardiographic laboratory for evaluation of a systolic murmur. 
Three years previously, he had had an inferior transmural 
AMI complicated by ventricular septal rupture. Radionu- 
clide ventriculography had demonstrated a Qp:Qs ratio of 
2.7. The defect, located in the posterior half of the ventricular 
septum, was repaired with a patch. A holosystolic murmur 
was noted at the left sternal border and apex postoperatively 
and radionuclide study suggested a Qp:Qs ratio of 1.27. Three 
months later, repeated radionuclide study demonstrated a 
Qp:Qs ratio of 1.9. He returned to full activities and was 
asymptomatic receiving digoxin, hydralazine and hydro- 
chlorothiazide, until he had a small anterolateral subendo- 
cardial infarction. At that time, his holosystolic murmur was 
unchanged. Radionuclide study revealed no evident left to 
right shunt, with a normal Qp:Qs of 1.1. Echocardiographic 
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study revealed a hypokinetic left ventricle wth aneurysmal 
bulging of the posterior portion of the septum at the site of 
patch repair (Fig. 2). Pulsed Doppler echocardiography re- 
vealed a left to right ventricular shunt during systole and 
diastole (Fig. 2), with maximal Doppler shift recorded at the 
distal edge of the patch. A definite defect could not be de- 
tected with imaging echocardiography. Because the defect 
was considered to have been stable for 3 years, he continued 
to receive medical therapy without further evaluation. 


Acutely, ventricular septal rupture may produce too 
small a left-to-right shunt to permit recognition by ox- 
imetry or first-pass radionuclide study. Leakage around 
a surgically placed septal patch may produce a similarly 
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FIGURE 1. Top, subcostal 2-dimensional view of the left ventricle (LV) 
in patient 1 showing a possible ventricular septal defect just to the left 
of the Doppler sample volume, which is indicated by the black arrow. 
Bottom, Doppler recording obtained from that sample volume position. 
Systolic turbulence, directed toward the transducer and, therefore, 
representing flow from left to right across the interventricular septum, 
is best seen during systole. Some shunt flow is also detected during 
diastole. QRS = electrocardiographic QRS complex. 


small shunt. Imaging echocardiography may fail to 
detect the small associated defects. Doppler echocar- 
diography, however, appears ideally suited to recogni- 
tion of small communications. Indeed, the smallest 
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FIGURE 2. Top, apical 4-chamber view demonstrating an aneurysm 
at the site of patch (P) insertion. The position of the sample volume for 
Doppler studies is indicated by the cross mark on the radial M-line. A 
definite defect in the patch or between the patch and the ventricular 
wall was not appreciated by imaging echocardiography. Bottom, 
Doppler echocardiographic recording at the site indicated by the sample 
volume marker shows turbulence throughout the cardiac cycle, but is 
maximal in systole. Maximal turbulence was detected when the sample 
volume was placed closest to the apparent site of insertion of the patch 
into the distal septal myocardium. The diastolic flow toward the trans- 
ducer probably represents shunt flow rather than tricuspid valve inflow, 
since the signal disappeared as the sample volume was moved toward 
the tricuspid valve. EKG = electrocardiogram; LA = left atrium; LV = 
left ventricle; RA — right atrium. Unlabeled white arrow shows the 
stump of the superior portion of the ventricular septum at the presumed 
site of prior rupture. 





. ventricular septal defect would likely be associated with 
the highest velocity jets and with the greatest turbu- 

lence, facilitating recognition. In our 2 patients, Doppler 
. echocardiography detected left-to-right shunts that 
. were too small to be simultaneously detected by ox- 
. imetry or radionuclide study. The detection of an un- 
- usual degree of turbulence within the right ventricle, 
_ suggestive of a septal defect, required only 2 to З min- 
. utes of examination time by an experienced echocar- 
. diographer. Localization of the region of maximal flow 
velocity, however, required an additional 5 to 10 
minutes. 


3. Richards KL, Hoekenga 
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. Rupture of the left ventricular (LV) free wall is a major 
cause of death in acute myocardial infarction (АМІ).! 
Most patients die within a few minutes of the rupture. 
" However, some may survive long enough to reach the 
operating room and undergo surgical treatment. In 
_ these patients the diagnosis of acute LV rupture and 
 tamponade is usually confirmed by typical physical 
_ signs, echocardiography, and typical pressure tracings. 
Ме report the angiographic findings in a patient with 
acute tamponade due to AMI, which has not been pre- 
viously described. 


Я 


А 69-year-old man was admitted to the coronary care unit 

_ because of anterior wall AMI. He had a history of systemic 
hypertension and diaphragmatic MI. Blood pressure was 
_ 210/120 mm Hg. The electrocardiogram showed normal sinus 
rhythm, Q waves and inverted T waves in leads II, Ш and 
а VF, апа Q waves with ST-segment elevation in leads V to 
V4. Intravenous administration of nitroprusside (12 
ug/kg/min) resulted in a decrease in blood pressure to 160/90 
mm Hg. Sixteen hours after admission, the patient com- 
plained of severe chest pain, followed by sudden loss of 
consciousness, apnea, jugular venous congestion and the 
disappearance of the pulse and blood pressure. The elec- 
trocardiographic monitor showed normal sinus rhythm. After 
cardiac massage there was an increase in blood pressure to 
60 mm Hg, and the patient regained full consciousness. Ап 
angiographic Swan-Ganz catheter was inserted and equal- 
ization of mean capillary wedge pressure (22 mm Hg), dia- 
_stolic pulmonary artery pressure (30/22 mm Hg), diastolic 
right ventricular (30/22 mm Hg) and mean right atrial (22 
mm Hg) pressures were recorded. The catheter was then 
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FIGURE 1. Angiographic appearance of acute cardiac tamponade. HV 
= hepatic vein; IVS = interventricular septum; RA = right atrium; RV 
= right ventricle; arrow head, = wedge-like space. 


pulled back to the superior vena cava where 20 ml of reno- 
grafin-76® was injected by hand in the posteroanterior po- 
sition. Angiography revealed a markedly dilated hepatic vein 
and inferior vena cava, a small right ventricle, and a trian- 
gular, wedge-like space separating the right atrium and in- 
ferior vena cava from the right ventricle (Fig. 1). On echo- 
cardiography, a small amount of pericardial effusion was 
detected. Two hours later, the patient underwent operation: 
Three hundred milliliters of blood were evacuated from the 
pericardial sac, and a 4-cm tear in the anterior LV free wall 
was found inside a 6 X 5 cm zone of infarcted myocardium. 
Infarctectomy was successfully performed. 


Our patient presented an unusual clinical picture. 
Although the acute episode was immediately suspected 
to represent myocardial rupture, the signs of right-sided 
heart failure and hypotension in a cooperative patient 
raised an alternative diagnosis of right ventricular in- 
farction. The injection of Renografin in the superior 
vena cava confirmed the diagnosis of cardiac tampon- 
ade. Several features of the angiographic picture were 
of interest. First, the right ventricular cavity was 
markedly reduced in size with a peculiar crescent-like 
shape. Second, the triangular wedge-like space between 
the right ventricle and the right atrium and inferior vena 
cava is a feature similar to that seen in tricuspid atresia. 
Third, the regurgitation into the dilated hepatic and 
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inferior vena cava veins resulted from the elevated 
pressures in the right atrium. We hypothesize that this 
angiographic appearance may be typical, or even 
pathognomic, of myocardial rupture in the setting of 
AMI. When the diagnosis of acute cardiac rupture and 
tamponade vs right ventricular infarction is considered, 
angiographic demonstration of the right atrium and 








| , l hU 
right ventricle is well advised. This can be easily per- R 
formed through an angiographic Swan-Ganz catheter, 
even as a bedside procedure under fluoroscopy. 
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Aspirin inhibits thromboxane (TX) Ao-dependent 
platelet function by irreversibly acetylating platelet 
cyclooxygenease.! Acetylation of the enzyme and inhi- 
bition of TXB; production are both dose- and time- 
dependent. In healthy subjects, inhibition of platelet 
aggregation and prolongation of bleeding time by as- 
pirin are seen after chronic dosing with as low as 20 to 
40 mg/day, without concomitant changes in urinary 
6-keto-prostaglandin (PG) Fj, and 2,3-dinor-6-keto- 
PGF,, excretion, i.e., in vivo indexes of renal and ex- 
trarenal prostacyclin (PGI) production. Inasmuch 
as the cumulative nature of aspirin-induced inhibition 
of cyclooxygenase activity is a function of the different 
rates of daily acetylation and turnover of the enzyme 
(cell turnover and de novo synthesis), altered platelet 
survival or endothelial damage may decrease efficacy 
or selectivity of low-dose aspirin. Therefore, we evalu- 
ated the biochemical and functional effects of low-dose 
aspirin in a small sample of patients surviving acute 
myocardial infarction (AMI). 


Ten patients with electrocardiographic plus enzymatic 
evidence of AMI were studied; exclusion criteria were ven- 
tricular fibrillation or prolonged ventricular tachycardia in 
the first 48 hours of Holter monitoring; Killip class IV; prior 
gastrointestinal bleeding; recent exposure to nonsteroidal 
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FIGURE 1. Levels of platelet thromboxane B; (TXBz) production (as _ 
reflected by serum TXB» concentrations) and renal prostacyclin syn- , 
thesis (as reflected by urinary 6-keto-PGF ,,, excretion) as a function of — 
time and treatment with low-dose aspirin (ASA) or placebo (Р) in 10 — 
patients surviving myocardial infarction. Each point represents the mean . 

+ standard deviation. All serum TXB, measurements in the aspirin- 

treated group are significantly (p <0.001) lower than the corresponding - 
values in the placebo-treated group. 
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antiinflammatory drugs. Patients were randomized into 2^5" 
equal groups receiving, in a double-blind design, either as- — 
pirin (200 mg loading + 30 mg/day) or identical placebos. 
The 2 groups were balanced in terms of age (61 + 12 0558 + 
10 years [mean + standard deviation]), sex (M/F 2/3 vs 1/4), 
coronary risk factors, platelet count, clinical complications 
and medications (nitrates, B-blocking drugs and calcium 
antagonist drugs). Aspirin was started 7 + 4 days from the 
admission. Blood and urine samples and a bleeding time 
(Mielke, longitudinal incision) measurement were obtained — 
twice before (baseline values) and subsequently at days 3, - 
7, 14, 21 and 28 after starting treatment. Blood was processed. 
for platelet aggregation (Born) in citrated platelet-rich _ 
plasma after the addition of ADP (5.9 + 1.5 uM), adrenaline 
(3.7 + 2.6 uM), collagen (15 ug/ml), thrombin (0.5 + 0.2 
U/ml) and arachidonic acid (1 mM). Threshold doses for | 
double-wave aggregation with ADP and adrenaline, and 
maximum subcoagulating doses for thrombin were selected. 
Platelet aggregation was quantified measuring the maximum _ 
height of the aggregation curve at 5 minutes. Whole blood was . 
allowed to clot at 37°C for measurement of serum (s) TXB».? 
Urine (u) was collected from midnight to 8 AM and imme-. 
diately frozen for subsequent extraction and determination | 
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FIGURE 2. Changes in platelet aggregation in response to different 


agonists as a function of time and treatment with low-dose aspirin (ASA) 
or placebo (P) in 10 patients surviving myocardial infarction. Each point 


. represents the mean + standard deviation. All values in the aspirin- 
` treated group are significantly (p <0.01) different from the corre- 
sponding measurements performed in the placebo-treated group, ex- 

. cept for thrombin-induced aggregation (for which the difference is пої 
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significant). 
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of 6-keto-PGF,,. Serum TXB» and u-6-keto-PGF,,, were 
assayed by radioimmunoassay as described.? Data were 


analyzed by analysis of variance and a Student t test for 
multiple and single comparisons, respectively. 


( 


Baseline functional and biochemical measurements in our 
patient population were: bleeding time, 246 + 86 seconds; 
$-T XB», 305 + 71 ng/ml; и-6-кеіо-РСЕ, „, 3.6 + 0.8 ng/hour. 
These values are similar to those obtained in healthy vol- 
unteers.? These values were not significantly altered as a 


` function of time and placebo administration. However, 
` chronic low-dose aspirin administration was associated with 


a profound and persistent depression of s- TX Bs (between 
—94 to —98%) (Fig. 1) and platelet aggregation in response 





to ADP, adrenaline, collagen and arachidonic acid (Fig. 2). 
Bleeding time was significantly prolonged by aspirin treat- 
ment by 58.5 + 18.5%. Thrombin-induced platelet aggre- 
gation and u-6-keto-PGF|, excretion were not affected by 
aspirin to a statistically significant extent. 


This study demonstrates that low-dose aspirin sig- 
nificantly and persistently inhibits platelet cyclooxy- 
genase activity and TXA;-dependent platelet function 
in patients with documented coronary artery disease. 
These results are in agreement with similar effects 
demonstrated in healthy subjects? and in patients with 
cerebrovascular disease.* The finding of substantially 
unaltered renal PGI, production during chronic aspirin 
dosing is at variance with recent observations by 
Weksler et al? who reported evidence for a significant 
cumulative inhibition of vascular PGI, synthesis in 
atherosclerotic patients given 20 mg/day for 7 days. 
Whether the severity of atherosclerotic involvement or 
the ex vivo rather than in vivo type of assessment can 
account for the apparent discrepancy is not known. To 
the extent that PGI, biosynthesis is enhanced in pa- 
tients with severe atherosclerosis, possibly as a conse- 
quence of platelet interactions with endothelium or 
other vascular insults, preservation of the capacity of 
the vessel wall to produce this natural platelet inhibitory 
compound would then be desirable in the setting of 
platelet activation in vivo. Moreover, aspirin-induced 
reduction of PGI, production in the gastric mucosa and 
in glomeruli has been proposed to contribute impor- 
tantly to gastric and renal side effects, respectively, that 
are associated with chronic use of the drug at high 
dosage. Whether a selective sparing of extra-platelet 
cyclooxygenase activity by low-dose aspirin will result 
in increased antithrombotic efficacy, fewer toxic reac- 
tions or both remains to be established in prospective 
clinical trials. 
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Fatal Bioprosthetic Regurgitation 
Immediately After Mitral and Tricuspid 
Valve Replacements with lonescu- 
Shiley Bioprostheses 


WANDA M. LESTER, MD 
WILLIAM C. ROBERTS, MD 


А 4 41 5 EL ч Г 
і. С: “уг: EN T PT SL e- 


Significant cardiac valve regurgitation immediately 
after cardiac valve replacement is rare. Silver et al! 
described a patient who had severe bioprosthetic 
regurgitation immediately after replacement of the 
mitral valve with an Ionescu-Shiley bioprosthesis. The 
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regurgitation resulted from inadvertent encircling of 2 
of the 3 stents of the bioprosthesis by sutures, which 
prevented mobility of the cusps and closure of the 
bioprosthetic orifice. In this report we describe another 
patient in whom a similar mechanism caused severe 
bioprosthetic regurgitation in both mitral and tricuspid 
valve positions. Because this mechanism of develop- 
ment of severe bioprosthetic regurgitation is apparently 
not well appreciated, we describe this second patient in 
hopes of preventing this fatal complication in others. 


E.R., a 55-year-old woman, died shortly after her fifth 
cardiac operation. She had had mitral commissurotomies 
when 26 and 35 years old, aortic (Bjérk-Shiley) and mitral 
(Hancock) valve replacements when 46 years old, and tri- 
cuspid valve replacement (Hancock) 1 month later. Apart 
from an intracranial hemorrhage later in the same year 
(1976), which led to cessation of warfarin therapy and the 
use of aspirin and dipyridamole, she did well until about 4 
months before death, when exertional dyspnea, easy fa- 
tigability, abdominal swelling and leg edema developed. 
Because of worsening symptoms and signs, she was hospi- 
talized 2 months later. The neck veins were distended while 
she was sitting up and v waves were visible. Rales were 
present over both lower lung fields. The liver was large and 
pulsatile. Electrocardiogram showed atrial fibrillation and 
right bundle branch block. At cardiac catheterization, the 
pressures (in mm Hg) were: right atrial mean 14, v wave 18; 
right ventricle, 70/16; pulmonary artery, 70/25 (mean 35); 
pulmonary arterial wedge mean 13, v wave 16; left ventricle, 
110/12, and aorta, 110/60. The mean diastolic gradient be- 
tween pulmonary artery wedge position and left ventricle 
was 5 mm Hg and the mean gradient between right atrium 
and right ventricle was 2mm Hg. On left ventricular angio- 
gram, the bioprosthesis in the mitral position was competent. 
The ejection fraction was 4495. Selective coronary angio- 
grams showed no abnormalities. Aortogram disclosed 1+/4+ 
aortic regurgitation. The cardiac index was 2.1 liters/min/m?. 


FIGURE 2. Close-up views of the 
lonescu-Shiley bioprostheses in the 
tricuspid (T) and mitral (M) valve posi- 
tions. a and a', from the atrial aspects, 
the orifices of each are fixed in a tri- 
angular shape. b, 1 stent (dashed 
arrow) has burrowed into the right 
ventricular free wall. One stent is en- 
circled by a suture (curved solid ar- 
rows). b', 1 suture (arrows) crosses 2 
bioprosthetic cusps holding each rigidly 
in place. The Bjórk-Shiley prosthesis is 
visible at the upper left. c, another view 
of the suture encircling the stent. c’, 
close-up of the suture inadvertently 
holding down 2 bioprosthetic cusps. 
(Photographs by M.M.M. Moore.) 





FIGURE 1. a, heart after removal of the atrial walls showing the 
bioprostheses in the tricuspid (T) and mitral (M) valve positions. The 
orifices of both bioprostheses are open and triangular in shape. 
The Bjórk-Shiley mechanical prosthesis in the aortic (A) valve posi- 
tion appeared to have functioned well. b, view from the ventricular 
aspect. 


Pulmonary function tests were consistent with moderate to 
severe pulmonary obstructive disease. 

The Hancock bioprosthesis in the mitral position was re- 
placed with a size 27 and the Hancock bioprosthesis in the 
tricuspid position was replaced with a size 29 Ionescu-Shiley 
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- elosure of the bioprosthetic orifices (Fig. 1 and 2). The oc- 
- eluder of the Bjórk-Shiley prosthesis in the aortic valve po- 
| kr sition moved normally. 

E. Тһе fifth and last operation in the patient was done 

-. because of distended neck veins, subcutaneous edema 
and ascites, findings believed to have resulted from 

. regurgitation of the bioprosthetic valve in the tricuspid 
E Ive position. The presence or absence of regurgitation 
. was not confirmed by right ventricular angiography. At 
| operation, no peribasilar bioprosthetic communications 
_ were present, each of the 3 cusps of both bioprostheses 
_ was intact, and both orifices appeared to close satis- 
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i ` Polymorphous Ventricular Tachycardia 
JR Provoked by Lidocaine 


MARK W. BURKET, MD 
THEODORE D. FRAKER, Jr., MD 
PETER N. TEMESY-ARMOS, MD 
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Lidocaine is an antiarrhythmic agent frequently used 
for both the prophylaxis and treatment of ventricular 

arrhythmias. Although it has been implicated in pre- 
~ ¢ipitating’~ or aggravating ventricular arrhythmias, 
| the association has been weak. We report a patient in 
~ whom polymorphous ventricular tachycardia (VT) was 
m found only in the setting of lidocaine administration. 
— QT prolongation, a known predisposing factor for 
_ ventricular arrhythmias, was present in this patient. 

















E A 58-year-old white man was well until he was hospitalized 


| with an inferior acute myocardial infarction (AMI). An 
_ electrocardiogram revealed a rate of 55 beats/min and a QT 
- interval of 0.42 second. Lidocaine was administered for iso- 
_ lated premature ventricular complexes. Two hours later 
ventricular fibrillation (VF) occurred. After countershocks 
_ шеге unsuccessful, the patient spontaneously reverted to 
- ia ioventricular, and then to sinus, rhythm. The next day a 
E 4-beat run of VT occurred. A therapeutic lidocaine level of 


w 2 mg/liter was documented at that time. 
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factorily. After replacement of the bioprostheses in both - 
tricuspid and mitral valve positions with *new"— and 
larger—bioprostheses, the patient had evidence of se- 
vere low cardiac output. Necropsy disclosed that at least 
2 of the 3 cusps of each of the 2 newly inserted 
bioprostheses were immobile because either inadvertent 
suture on the ventricular aspects of the bioprosthetic 
orifices or burrowing of a stent into the myocardial wall 
had caused straightening of the distal margins of the 
bioprosthetic cusps and prevented cuspal movements 
so that the bioprosthetic orifices could not close during 
ventricular systole. Had smaller bioprostheses been 
used in this 81-pound, 61-inch-tall woman, possibly 
inadvertent anchoring of the sutures over the margins 
of the cusps and the burrowing of 1 stent into a myo- 
cardial wall would have been prevented. It is, of course, 
unwise to close an atriotomy incision until the operator 
has satisfactorily shown that each cusp of the biopros- 
thesis is freely mobile, a requirement to prevent 
bioprosthetic regurgitation. 
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FIGURE 1. Monitor tracing showing polymorphous ventricular tachy- 
cardia. 


Two months after AMI the patient was hospitalized with 
dyspnea. When isolated premature ventricular complexes 
were noted, he was treated with a 75-mg lidocaine bolus fol- 
lowed by a 2 mg/min infusion. Within several hours poly- 
morphous VT occurred (Fig. 1) that required countershock. 
Hours later this sequence recurred. Cardiac enzyme and 
serum potassium levels were normal. 

Serial electrocardiograms obtained with and without lid- 
ocaine administration showed minimal but consistent QT 
prolongation. With the suspicion that lidocaine could be 
provoking the ventricular tachyarrhythmias, programmed 
electrical stimulation was performed from the right ven- 
tricular apex. The introduction of up to triple extrastimuli 
both during spontaneous rhythm and after a train of 8 ex- 
trastimuli resulted in only single echo beats. Lidocaine was 
then administered as two 100-mg boluses and as a 3-mg/min 
infusion. An identical protocol of programmed electrical 
stimulation was performed. Polymorphous VT developed 
after triple extrastimuli were introduced during sinus 
rhythm (Fig. 2). The arrhythmia terminated spontaneously. 
The lidocaine level at the time of the procedure was 2.8 
mg/liter. In 18 months of follow-up without lidocaine ther- 
apy, the patient has had no symptomatic arrhythmias. 
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Unlike many antiarrhythmic drugs, lidocaine has 
rarely been reported as a cause of ventricular arrhyth- 
mias. Kaufmann! cited lidocaine as a cause of VF. His 
patient had VF in the setting of an AMI, already com- 
plicated by hypokalemia and an episode of cardiopul- 
monary arrest. Procainamide had been administered 
before lidocaine. Nagle and Pilcher? reported the failure 
of lidocaine to suppress ventricular arrhythmias in a 
patient with an AMI. Krikler and Curry? included lid- 
ocaine in an unreferenced list of causes of torsades de 
pointes. Rothman‘ cited a case of torsades de pointes 
after lidocaine administration, but disopyramide, a 
known cause of torsades, was administered concomi- 
tantly. Lidocaine worsened quinidine-induced ven- 
tricular arrhythmias in a patient reported by Miller and 
Blount in 1971.° 

The relation between lidocaine and polymorphous 
VT in our patient is well substantiated. Polymorphous 
VT occurred clinically only during lidocaine adminis- 
tration. No other arrhythmia-inducing drugs were ad- 
ministered concomitantly. Our patient has remained 
free of arrhythmias during 18 months of follow-up 
without lidocaine therapy. Further support comes from 
the findings during electrophysiologic studies where 
polymorphous VT could be induced only after the pa- 
tient received lidocaine. 

While lidocaine is usually a safe and effective drug, 
its potential for provoking ventricular arrhythmias 
should not be overlooked, particularly in patients with 
a long QT interval. 
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cardiographic leads (I, Il, and the reciprocal of V4, respectively). Ў 
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Do All Pacemakers Need Both 
Antibradycardia and 
Antitachycardia Pacing Features? 


KAREL den DULK, MD 
ALPHONS R.J.M. van WYLICK, MD 
JAN G.M. KERSEMAKERS 
HEIN J.J. WELLENS, MD 


'The role of programmed stimulation of the heart in the 
study of tachycardias was first reported іп 1967.1? This 
was soon followed by the development of implantable 
pacing systems? for long-term treatment of reentry 
tachycardias by timed stimuli. Two basic types of 
pacemaker systems are available today: 1 for brady- 
cardia support and 1 to interrupt paroxysmal reentrant 
tachycardias. Both types of systems have undergone 
considerable technologic refinement and sophistication 
in the last years. Bradycardia pacemakers, which have 
additional antitachycardia pacing modes, are being 
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developed. Soon these additional features will be ad- 
vertised as being of great benefit to the pacemaker 
population. This study determines the need for all 
pacemakers to have both antibradycardia and anti- 
tachycardia pacing capabilities. : 


Medical and pacemaker files of the 212 patients who visit. 
our pacemaker clinic regularly were reviewed retrospectively: — 
193 bradycardia pacemakers were implanted for symptom- 
atic bradycardia, 2 bradycardia pacemakers to prevent and 
to terminate tachycardia, 1 bradycardia pacemaker to ter- — 
minate tachycardia and 16 antitachycardia pacemakers to | 
terminate paroxysmal episodes of drug-resistant tachycar- 
dia. Of the 193 patients who received a bradycardia pace- 
maker, 81 were men and 112 were women, aged 24 to 97 years · 
(mean 74). Of the 193 bradycardia pacemakers implanted, | 
89 were implanted because of sinus node disease and 102 
because of atrioventricular (AV) conduction disturbances. | 
(In 3 patients the AV conduction system was interrupted to 
control tachycardia. In 2 patients it was performed surgically . 
and in 1 by means of an electric shock delivered locally - 
through a catheter.) The other 2 pacemakers were implanted 
to prevent tachycardia in patients with a prolonged QT 
interval. x 

Two patients received a bradycardia pacemaker to prevent — 
and to terminate symptomatic tachycardia. One patient had 
Wolff-Parkinson-White (WPW) syndrome, and received a 
dual-chamber pacemaker system for prevention and auto- 
matic termination of his drug-resistant, nearly continuous 
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circus movement tachycardia. The DAT and the DDD pacing 
modes with an AV interval of 25 ms prevented and termi- 
nated circus movement tachycardia by means of artificial 
preexcitation of the reentry circuit.9 The other patient also 
had WPW syndrome with very frequent episodes of tachy- 
~ Cardia. In this patient a fixed-rate ventricular pacemaker 
~ was implanted. Pacing the ventricle at 90 pulses/min 
_ changed the electrophysiologic properties sufficiently to 
. significantly reduce the number of episodes of tachycardia. 
2 If tachycardia did occur it was easily terminated by means 
-~ of underdrive stimulation at the set rate of 90 pulses/min. 
= [nl patient with WPW syndrome and circus movement 
-~ tachycardia, a bradycardia pacemaker was implanted and 
- used to terminate tachycardia by means of underdrive 
_ stimulation. Underdrive pacing was achieved by placing a 
С magnet over the implanted demand pacemaker and con- 
` berting it to an asynchronous magnet mode. 
— Sixteen patients (8 women and 8 men) received а pace- 
= maker to terminate their paroxysmal reentrant tachycardias. 
ү In all patients multiple long-term oral drug regimens failed 
` to control their arrhythmias and they had been admitted 
` frequently to the hospital for conversion of arrhythmias. 
` These patients were 19 to 67 years old (mean 43). Four pa- 
— tients had ventricular tachycardia, 4 had atrioventricular 
. nodal reentrant tachycardia and 8 had tachycardias due to 
` an accessory pathway. 
_ Four of the 193 patients (2%) who had a bradycardia 
= pacemaker implanted had reentry tachycardias. Two of the 
` tachycardias were AV nodal, 1 made use of a concealed ac- 
` cessory pathway and 1 was an idiopathic ventricular 
~ tachycardia. The ventricular tachycardia was not suited for 
~ pacing therapy. In all 4 patients tachycardia was adequately 
` controlled by drug therapy. Antitachycardia pacing was 
= therefore an optional form of therapy in 1.5% of patients. 
| Patients with atrial flutter and the sick sinus syndrome were 
— not considered because the pacing catheter was usually sit- 
uated in the ventricle in these patients. Of the 3 patients who 
~ received a bradycardia pacemaker for prevention or termi- 
_ nation of tachycardia, none required a pacemaker for 
X. symptomatic bradycardia. Of the 16 patients with an anti- 
` tachycardia pacemaker none required a pacemaker for 
_ symptomatic bradycardia. During follow-up, the bradycardia 
















` Macroreentry Within the His-Purkinje 
Ec System Initiated by Atrial 
e Premature Complex 






STEPHEN STARK, MD 
ARDESHIR FARSHIDI, MD 


__Масгогееп{ту within the His-Purkinje system, known 


. as bundle branch reentry, uses bundle branches and 


»” 
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= ventricular myocardium to initiate a ventricular echo 
— complex. It is а common finding during ventricular 
| programmed electrical stimulation,!-3 and is usually a 
_ benign physiologic response; however, atrial pro- 
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backup-pacing feature of 50 pulses/min was consistently 
used in 1 patient for 1 or 2 beats after termination of tachy- 
cardia and occasionally in 2 other patients. One patient was 
bothered by the bradycardia-support pacing (which he did 
not need) at night. 


Supplementary antitachycardia pacing features 
would not have formed an essential part in the treat- 
ment of any of the 193 patients with symptomatic 
bradycardia. It would have been an optional form of 
therapy in 1.5% of these patients. In the relatively small 
group of patients with an antitachycardia pacemaker, 
only 3 patients may have benefited from a simple 
bradycardia support function after tachycardia termi- 
nation. However, in this group of patients a unifocal 
form of bradycardia support was sufficient. Anti- 
tachycardia pacemakers should have a bradycardia 
backup-pacing capability and the rate should be pro- 
grammable. 

This retrospective study indicates that antitachy- 
cardia pacing capabilities were not essential in any of 
the bradycardia pacemakers. Nor was physiologic 
backup pacing required in the small, selected group of 
patients, in whom the primary indication for pacing was 
to treat symptomatic paroxysmal episodes of reentry 
tachycardia resistant to conventional drug therapy. 
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grammed electrical stimulation has not been reported 
to initiate bundle branch reentry in man. This case 
demonstrated bundle branch reentry after an atrial 
premature complex (APC). 


A 55-year-old man, after coronary artery bypass surgery, 
was referred for evaluation of repetitive and paired wide QRS 
premature complexes. The surface electrocardiogram during 
sinus rhythm showed а PR interval of 230 ms and a QRS: 
duration of 120 ms with intraventricular conduction delay. 
Electrophysiologic testing? revealed an atrial-His interval 
of 110 ms and a His-ventricular (HV) interval of 60 ms during 
sinus rhythm with a cycle length of 780 ms. Atrioventricular 
(AV) nodal Wenckebach occurred at atrial pacing cycle 
length of 420 ms. During atrial pacing at a cycle length of 600 
ms, the AV nodal effective refractory period was 540 ms, AV 
nodal functional refractory period less than 620 ms, His- 
Purkinje effective refractory period less than 620 ms, and 
His-Purkinje relative refractory period less than 620 ms. An 
APC (A») was introduced after every sinus complex at a 
460-ms coupling interval, with resultant HH; interval of 510 
ms, left bundle branch block QRS complex with a duration 
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FIGURE 1. Bundle branch reentry response is initiated by an atrial premature complex (APC) (Az). Standard leads 1, 2, V4, intracardiac electrogra n T3 


from the high right atrium (HRA), His bundle electrogram (HBE), and time lines (T) are shown. During right atrial programmed extrastimulation, the 


third paced APC (A2) with an А {А interval of 460 ms conducted with an HV interval of 230 ms and left bundle branch block. A retrograde His pote tial 2 
(He), atrial echo electrogram (Ae), and a ventricular echo (Ve) complex with left bundle branch block morphologic characteristics were elicited. 


The low-to-high sequence of atrial activation of Ae confirmed retrograde activation. s and arrow = stimulus artifact; HoH; = His bundle activatic i 
intervals preceding APC; НН; = His bundle activation intervals with APC. us 


of 160 ms, and a prolonged HV interval (Fig. 1), or at other 
times with complete infra-Hisian block (Fig. 2). After APC 
conduction with left bundle branch block, a retrograde His 
bundle potential, a retrograde atrial depolarization, and a 
ventricular echo complex were elicited when the HV interval 
of the APC was 230 ms, (Fig. 1) but not when it was 210 ms 
(Fig. 3). No ventricular echo complex was noted when com- 
plete infra-Hisian block occurred (Fig. 2). 

In macroreentry within the His-Purkinje system during 
ventricular programmed electrical stimulation! (Fig. 4A), 
the ventricular premature stimulus blocks retrogradely in 
the ipsilateral bundle branch and depolarizes the His bundle 
retrogradedly via the contralateral bundle branch. Then, the 
ipsilateral bundle branch allows anterograde propagation 
of the impulse resulting in a ventricular echo complex, which 
is similar in shape to the preceding QRS complex. For 
macroreentry to occur with ventricular premature complex, 
critical retrograde conduction delay in the His-Purkinje 
system is required to allow recovery of the segments in which 
unidirectional block occurred. 


This patient demonstrated macroreentry within the 
His-Purkinje system initiated by an APC, in which 
bundle branches, His bundle, and ventricular myocar- 
dium were parts of the reentry circuit. The diagram of 
the AV conduction system in Figure 4B demonstrates 
an APC arriving at the left bundle branch during its 
effective refractory period, propagating to the ventricle 
through the right bundle branch, and crossing over to 
the left bundle branch activating it in the retrograde 










FIGURE 3. No bundle branch reentry 
for the second atrial premature com- 
plex conducting with left bundle branch 
block when the HV interval is 210 ms. 
Format and abbreviations as in Fig- 
ure 1. 
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direction. The total passage time of the APC conduction - 
through this pathway is longer than the recovery period _ 
of the His Bundle, so that reactivation of the His bundle — 
in retrograde direction with subsequent retrograde 5 
atrial activation occurs. Meanwhile, the right bundle - 
branch, having partially recovered, conducts the im- _ 
pulse in anterograde direction resulting in a ventricular _ 
echo complex with left bundle branch block appearance _ 
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FIGURE 2. Complete infra-Hisian block during programmed atrial bi- ~ 


geminy with identical intervals as in Figure 1 but without reentry. Format — 
and abbreviations as in Figure 1. E. 
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(Fig. 1). When the HV interval of the APC was 210 ms 
(Fig. 3), bundle branch reentry did not occur and no 
retrograde His bundle potential was recorded probably 
due to inadequate anterograde delay and subsequent 
block of the impulse during retrograde activation of the 
. left bundle branch or the His bundle. 
__ An alternative explanation of the retrograde His 
- bundle potential and the subsequent ventricular echo 
complex would be longitudinal dissociation and reentry 
within the His bundle. However, this was not likely in 
“our patient, because at identical НН; and Н,Н, in- 
_ tervals but with complete infra-Hisian block (Fig. 2), 
_ no retrograde His bundle potential was elicited. Thus, 
_ anterograde depolarization of 1 bundle with subsequent 
retrograde depolarization of the other bundle was re- 
quired for reentry. 
` The surface electrocardiographic manifestation of 
- this phenomenon may mimic atrial couplets with ab- 





. Illogical Use of Saphenous Veins for 
~ Aortocoronary Bypass Grafting 


WANDA M. LESTER, MD 
+ WILLIAM С. ROBERTS, MD 
"The saphenous vein (SV) is usually a wonderful struc- 
ture for use as a conduit for bypassing 1 or more severe 
narrowings in a coronary artery. If, however, the lumen 
-of the SV is small, because of superimposed phlebo- 
sclerosis or simply initial small size, the SV may not serve 
.as an adequate conduit. The January 1 issue of the AJC 
contains a report describing the frequency of phlebo- 
sclerosis and the degrees of luminal narrowing produced 
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FIGURE 4. A, schematic of macro- 
reentry within the His-Purkinje system 
with right ventricular programmed ex- 
trastimulation. A right ventricular ex- 
trastimulus (S2) blocks retrogradely in 
the right bundle (RB), depolarizes the 
left bundle (LB) retrogradely with slow 
conduction and reactivates the ventri- 
cle (Ve) via the right bundle. B, ma- 
croreentry within the His-Purkinje sys- 
tem initiated by an atrial premature 
complex. The atrial premature complex 
(A2) finds the LB refractory and con- 
ducts slowly anterograde through the 
RB. Subsequent retrograde activation 
of the left bundle, His bundle (H), and 
atrium (Ae) occurs, followed by antero- 
grade reactivation of the ventricle (Ve) 
via the right bundle. AVN = atrioven- 
tricular node. 


errancy or even an APC with aberrancy followed by a 
ventricular premature complex if the retrograde P wave 
is not visualized. In evaluation of patients with repeti- 
tive wide QRS complexes initiated by an APC, bundle 
branch reentry should be considered as a mechanism. 


Acknowledgment: We thank Barbara Tuszynski for 
technical assistance and Mary Petrosky for preparing the 
manuscript. 
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by it in SV remnants not used for coronary bypass 
grafts.! The present report was prompted by observing 
2 SVs at necropsy, a small-sized one containing con- 
siderable phlebosclerosis anastomosed directly to 
the aorta, and a good-sized one with a good lumen 
anastomosed not to the aorta, but to the small phlebo- 
sclerotic SV. This type of use of the SV does not appear 
reasonable. 


W.G.,a 74-year-old man who had nonfatal cardiac arrest 
at age 62 and onset of angina pectoris at age 68 years un- 
derwent angiography because of worsening angina. The 
amount of coronary arterial narrowing as percent of diameter 
reduction was as follows: right = 100; left anterior descending 
= 95; left circumflex = 60, and left main = 0. Left ventricular 
angiography disclosed no abnormalities. Aortocoronary by- 
pass grafting was performed (at another hospital) with in- 
sertion of 1 SV graft (12 cm long) between the aorta and left 
anterior descending coronary artery (graft no. 1) with se- 
quential grafting to a diagonal coronary artery. A second SV 
(graft no. 2) was 18 cm long and coursed around the left side 
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FIGURE 1. Left, drawing of portion of 
aorta and coronary arteries with sa- 
phenous vein grafts. Graft no. 1 (G#1) 
is much smaller than graft по. 2 (G#2). 
Upper right, photomicrograph of a 
section of graft no. 1 proximal to 
anastomosis to graft no. 2. The graft is 
small, its wall is thick, and its lumen is 
small. A valve is present within the 
lumen at this site. Lower right, photo- 
micrograph of a section of graft no. 2 
just distal to anastomosis to graft no. 1. 
The lumen is wide open. Ao = aorta; D 
= diagonal branch; LAD = left anterior 
descending artery; PD = posterior de- 
scending. (Movat stain X 23 [upper and 
lower right], reduced 39%.) 


of the heart and connected a posterior descending coronary 
artery to graft no. 1 as shown in Figure 1. During the entire 
8-hour postoperative period the patient was hypotensive and 
had complete heart block. 

At necropsy, the lumens of the native coronary arteries 
distal to the SV anastomotic sites were insignificantly nar- 
rowed and the 3 coronary anastomotic sites were wide open. 
The lumen of graft no. 1 was very small as a result of both 
phlebosclerosis and the initial small size of the vein (Fig. 1). 
The lumen of graft no. 2 was large (Fig. 1). Study of 22 his- 
tologic sections (1 from each 5-mm segment) of graft no. 1 
disclosed phlebosclerosis and a very narrowed lumen. Study 
of 31 histologic sections of graft no. 2 disclosed virtually no 
phlebosclerosis and a wide open lumen. Foci of coagulation 
and contraction-band necrosis were present in the walls of 
both cardiac ventricles. 


In 1984, it appears unwise to graft 1 SV to another 
when each is used as a bypass conduit. Ample argu- 
ments against use of Y grafting of SVs were made as 





Strut Fracture and Disk Embolization of 
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early as 1974.2? In the present patient, the small graft — x 
was the only conduit connected to the aorta and ће ~ СА 
large graft was anastomosed directly to the small one. 3 
It would appear more reasonable in the present patient. 1 
to have anastomosed graft по. 2 directly to the aorta. 
Had the graft been placed around the right side of the © 
heart rather than the left, the graft could easily have _ 
reached the ascending aorta to be anastomosed directly _ 

to it. Because the small graft with an inadequate lumen - 
was the only graft connected to the aorta, neither craft i E 
was perfused adequately. PX 
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Disk embolization is an uncommon complication of = 
prosthetic heart valves.!-? In patients with this com- - х 
plication, there is no time for cardiac catheterization. 3 
Therefore, noninvasive procedures such as echocar- _ 
diographic study may Бе of great diagnostic value. — 
Herein we report, for the first time, the echocardio- fv 
graphic findings of a patient who survived disk embo- | $ 
lization of a Björk-Shiley mitral valve prosthesis. 


A 55-year-old man had undergone mitral valve replace- E 
ment with а 70° Bjórk-Shiley convexo-concave prosthetic — 


asymptomatic until January 12, 1984, when he had sudden _ 
precordial pain, cough and hemoptysis while walking out- _ 
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-- corded (Fig. І), even though valve ring echoes were clearly 
- defined, moving forward in systole and backward in diastole. 
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FIGURE 1. Top, echocardiogram from patient reported. Arrowheads 
point to echoes of the Bjórk-Shiley mitral valve prosthesis. No disk 
echoes are recorded. Note the free space within the echoes of the 
prosthesis. Bottom, echocardiogram of a normally functioning Bjórk- 
Shiley mitral valve. Disk echoes (arrows) are clearly seen. Ao = aortic 
root; LV — left ventricle. 


doors. At the emergency room, he had dyspnea at rest and 
orthopnea and was slightly cyanotic. Prosthetic valve sounds 
were absent and no murmur was heard. Pulmonary edema 
was apparent. Bedside right-sided cardiac catheterization 
disclosed increased pressures of the right atrium, right 
ventricle, pulmonary artery and pulmonary wedge (v wave 
35 mm Hg). M-mode echocardiography, with the patient in 
the left lateral position, was performed by parasternal and 
subcostal approach, but motion of the disk could not be re- 


A free space within the echoes of the valve ring was seen. At 


_ operation, the minor strut of the prosthesis was broken and 


* 


D 


_the disk was absent. The prosthesis was resected and a Sorin 
- mechanical disk prosthetic valve was implanted. An ab- 


- dominal plain x-ray film disclosed that the disk had migrated 


ы 

D 

Е 
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tothe iliac bifurcation (Fig. 2). On the fourth postoperative 
day the patient underwent operation and the disk was suc- 


А cessfully removed. The remaining postoperative period was 


uneventful. 











FIGURE 2. Abdominal plain x-ray film showing the 
(arrow). 


migrated disk 


The present case illustrates the usefulness of echo- 
cardiography in the diagnosis of prosthetic disk em- 
bolization. The impossibility of recording disk echoes 
by any approach suggested its migration. However, such 
a finding could also be a result of disk blockade secon- 
dary to prosthetic thrombosis. However, in this latter 
condition, dense echoes indicating thrombus are su- 
perimposed on the echoes of the prosthesis, which also 
show a peculiar, “rounded” aspect during diastole.45 
This was not seen in this patient, in whom a free space 
was noted into the echoes of the prosthesis and no dense 
echoes were added. The free space probably reflected 
the absence of the echoes originated by the disk. In 
conclusion, the association of the absence of disk motion 
and an echo-free space within the echoes of the Bjork- 
Shiley mitral valve is highly suggestive of disk emboli- 
zation. 
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Tricuspid Anular Dilatation and Failure 
of Tricuspid Leaflet Coaptation in 
Tricuspid Regurgitation 


PATRICIA C. COME, MD 
MARILYN F. RILEY, BS 


The importance of anular dilatation in atrioventricular 
valve regurgitation is uncertain. In a necropsy study 
that included patients with severe mitral regurgitation, 
appreciable dilatation of the mitral anulus was noted 
only in patients with floppy valves.! In patients with 
tricuspid regurgitation (TR), anular size measured by 
2.dimensional echocardiography is significantly greater 
than in normal control subjects.? Failure of tricuspid 
leaflet coaptation, however, has not been mentioned as 
a factor in TR. This study was designed to evaluate 
tricuspid anular diameter and the completeness of tri- 
cuspid leaflet coaptation in patients with severe TR. 


Eleven consecutive patients with clinically evident TR 
(prominent jugular venous CV waves and hepatic pulsa- 
tions) and 15 consecutive control subjects without clinically 
evident TR were studied in supine and 30? left lateral posi- 
tions using a Hoffrel 201 A/514 mechanical sector scanner. 





FIGURE 1. M-mode echocardiographic recording through the hepatic 
vein. Contrast filling of the hepatic veins (arrows) occurs during systole, 
indicating tricuspid regurgitation. EKG — electrocardiogram. 
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FIGURE 2. Technique of measuring tricuspid anular diameter. Left, 
short-axis parasternal view; right, 4-chamber apical view. Tricuspid 
anula; diameter, indicated by the distance between the tips of the ar- 
rowheads in both panels, was measured in end-diastole as the linear 
distance between the insertion points of the tricuspid leaflets into the 
ventricular septum and lateral atrioventricular junction. AoV = aortic 
valve; LA = left atrium; LV = left ventricle; MV = mitral valve; RA = 
right atrium; RV = right ventricle; TV = tricuspid valve. 


FIGURE 3. Failure of tricuspid valve coaptation during systole in a pa- 
tient with severe tricuspid regurgitation. Persistent separation of the 
tricuspid leaflets throughout systole (TVO) was noted in both the 
short-axis (left) and apical 4-chamber (right) views. The unlabeled 
arrows point to the anular insertion point of the lateral leaflet. AoV = 
aortic valve opening during systole; LA = left atrium; LV = left ventricle; 
MV = mitral valve; RA = right atrium; RV = right ventricle. 





FIGURE 4. Persistent tricuspid valve opening (TVO) during systole in 
a patient with severe tricuspid regurgitation. In the diastolic apical 4- 
chamber view (left), the tricuspid leaflets are open and the anular di- 
ameter is increased. In the systolic apical 4-chamber view (right) per- 
sistent tricuspid leaflet separation is noted. LA = left atrium; LV = left 
ventricle; MV = mitral valve; RA = right atrium; RV = right ventricle; 
TV = tricuspid valve. 
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TV Anulus Diameter 





















Age (yr) Catheterization Right RV Diameter Short-Axis or 

& Sex Diagnosis Atrial Pressures (mm Hg) Supine/30?LL 4-Chamber View — Subcostal View 
55F RHD, S/P MVR M17, V19 | NA/3.5 5.7 6.1 
73F Severe MS Elevated M,V 8 yr NA/5.6 6.2 6.2 

| previously 

69F RHD, prosthetic MR M21, V30 NA/3.2 4.2 4.5 
59M Cleft MV, MR M16, V18 3.0/3.6 6.2 5.2 
57F MVP, severe MR M19, V25 3.4/NA 5.2 6.1 
52M RHD, MR M13, V18 3.9/NA 4.9 5.2 
66F | S/P MVR M19, V25 3.0/NA 4.9 6.4 
76F RHD, severe MR NA NA/4.4 5.6 5.2 
71M MVP, severe MR M20, V28 NA/3.2 5.2 5.3 
48M CCM NA 2.9/NA 3.8 3.8 
60M CCM M21 NA/4.2 4.7 5.2 
p | 62 5.1 5.4 


__* Patients with failure of tricuspid leaflet coaptation. 

_ ССМ = congestive cardiomyopathy; LL = left lateral position; M = mean right atrial pressure; MR = mitral regurgitation; MS = mitral stenosis; 
MV = mitral valve; MVP = MV prolapse; MVR = MV replacement; NA = not assessed; RHD = rheumatic heart disease; TV = tricuspid valve; V 
= right atrial pressure at the peak of the v wave. 





> ГА BL Е П Clinical Characteristics of Control Subjects (No Clinical Evidence of Tricuspid Regurgitation) 
Echocardiographic Measurements 
E DER E 
TV Anulus Diameter 
Age (yr) RV Diameter Short-Axis or 
& Sex Heart Disease Supine/30°LL 4-Chamber View Subcostal View 
33M AF NA/1.6 4.0 3.8 $ 
36M SH, mild MR 1.6/NA 3.2 3.8 
50F None 1.2/NA 3.2 3.2 
23F None 1.3/NA 3.4 3.2 
65M PE МА/З.1 3.4 3.4 
77M Syncope NA/2.5 3.3 4.0 Г 
64M AS NA/3.0 2.9 2.2 d 
34M None NA/2.6 3.8 3.3 " ui 
52F Mild MR, mild MS NA/2.3 3.2 3.4 " 
70F Stroke NA/2.5 3.1 3.0 Б 
81Е AVS NA/2.5 3.2 2.7 ee 
54F PE NA/2.4 3.2 3.2 
67M AVS NA/2.3 3.7 3.6 
69M AF, AVS NA/2.7 3.6 3.4 
75M AF, LV dysfunction NA/3.1 3.2 3.7 1 
_ 57 3.4 3.3 m 
AF = atrial fibrillation; PE — pericardial effusion; AS — aortic stenosis; AVS — aortic valve sclerosis; LL — left lateral position; LV — left ventricle; А 
MR : = mitral regurgitation; MS = mitral stenosis: NA = not assessed; PE = pericardial effusion; SH = systemic hypertension; TV = tricuspid 
tients, TR was confirmed by imaging the inferior cycles. Right ventricular (RV) diastolic diameter was mea- 
ava and hepatic veins and noting microbubble ap- sured at end-diastole on an M-mode tracing as the distance 
e e there in mid- to late systole after injection of 10 ml between the RV wall and the right septal surface. 
gitated saline solution into the left antecubital vein.3-9 The clinical features and echocardiographic measure- 
ing of microbubble appearance relative to the electro- ments of end-diastolic RV diameter and tricuspid valve an- 
gram was assessed from M-mode hepatic vein re- ular diameter for patients with TR and normal control 
gs during the contrast study*-9 (Fig. 1). The tricuspid subjects are shown in Tables I and II. No patient had phys- 
'atus was visualized in parasternal short-axis, apical ical findings of Marfan's syndrome, and only 2 had operative 
nber and subcostal 4-chamber views. Tricuspid anular or echocardiographic evidence of mitral prolapse. Tricuspid 
ter was measured at end-diastole, as the linear dis- prolapse was not present by echocardiographic study in any 
between the insertion points of the tricuspid valve into patient or control subject. Marked increases in mean right 
tricular septum and lateral atrioventricular junction atrial pressure and right atrial “v” waves and absence of 
). Differences in anular diameter between patients ^ diastolic tricuspid valve gradients were noted in all 8 patients 
t and normal control subjects were compared using undergoing catheterization in conjunction with echocar- ja 
nt unpaired t test. Diagnosis of failure of tricuspid — — diographic study and in 1 patient who had undergone cath- —— 
oaptation in systole required that lack of apposition eterization 10 years previously. Tricuspid valve anular di- SH 
Jed in all views and in multiple consecutive cardiac — ` ameter was significantly greater in patien ts tha vin control — — 
erved in all views and in multiple consecutive cardiac ameter was significantly greater in patients than in control — 
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subjects in both the apical 4-chamber view (mean 5.1 vs 3.4 
cm, p <0.001) and in the parasternal short-axis or subcostal 
4-chamber views (mean 5.4 vs 3.3 cm, p <0.001). Failure of 
systolic tricuspid valve coaptation was noted in 5 of 11 pa- 
tients (Fig. 3 and 4), but in none of the control subjects. 


In a previous 2-dimensional echocardiographic study 
of anular size, appreciable tricuspid anular dilatation 
was noted in patients with clinically evident TR, none 
of whom had apparent floppy valve disease or Marfan's 
syndrome.? The present study provides additional 
support for the association of tricuspid anular dilatation 
and TR. 

Failure of systolic tricuspid leaflet coaptation in pa- 
tients with TR could result from 1 of 2 mechanisms. RV 
enlargement may pull the tricuspid leaflets toward the 
RV apex, preventing systolic leaflet apposition. Alter- 
natively, tricuspid anular dilatation may be sufficient 
to prevent leaflet coaptation. In our 5 patients with 
failure of systolic leaflet coaptation, tricuspid anular 
dilatation appeared to play the major role. RV en- 
largement, however, also may have contributed (Fig. 3). 
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Artifactual dropout of the medial portions of the tri- _ 
cuspid valve was not likely, since failure of coaptation — 
was detected in all views obtained, including those in — 
which the direction of the sound beam was perpendic- - 
ular to the valve in systole, an orientation in which | 
maximal ultrasound reflection by the leaflets would be E 
expected. Deficiency in valve coaptation, likely resulting _ 
from both anular dilatation and RV enlargement, may - 
be an important mechanism of TR in many patients | 
without rheumatic tricuspid valve deformity. wag 
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Usefulness of Doppler 
Echocardiography in Detecting 
Tricuspid Valve Stenosis 


JULIO E. PEREZ, MD 
PHILIP A. LUDBROOK, MD 
GAIL С. AHUMADA, MD 


Doppler echocardiography appears to provide an ac- 
curate method for assessment of valve stenosis.! Most 
studies in this area have been performed in patients 
with aortic, mitral? or pulmonic valve stenosis.’ Al- 
though qualitative assessment of tricuspid stenosis (TS) 
is possible with Doppler echocardiography,” there is no 
information about its correlation with pressure gradi- 
ents measured directly. This report presents Doppler 
echocardiographic hemodynamic correlation in 2 pa- 
tients with obstruction to tricuspid flow, 1 with rheu- 
matic heart disease and 1 with severe stenosis across a 
prosthesis in the tricuspid valve position. 


Doppler examinations were performed with an Irex Sys- 
tem III-B, which interfaces Doppler with 2-dimensional 
(2-D) echocardiography. The system can be operated in ei- 
ther pulsed or continuous-wave Doppler modes with a 
transmitted frequency of 2.0 MHz. In the pulsed mode the 
sample volume is located at regions of interest as oriented 
by the 2-D echocardiographic display recorded simulta- 
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neously. Іп the continuous-wave mode, maximal velocities - 
up to 6.0 m/s can be recorded. The system’s audio output - 
facilitates the orientation of the Doppler beam with respect \ 
to the direction of flow and the recordings are obtained only à 
when maximal frequency shifts are appreciated by audio and _ 
observed in the graphics display. n 
In the 2 patients, Doppler spectra were obtained from the _ 
right ventricular inlet by positioning the transducer in the ۴ 
left parasternal and apical positions and orienting the 
Doppler beam and the sample volume from a short-axis and _ 
4-chamber echocardiographic views, respectively. The 
Doppler beam was positioned as perpendicular as possible 
to the tricuspid anulus as guided from the echocardiographic _ 
display and the Doppler audio output to minimize the angle 
between the beam and the direction of transvalvular flow. 
Graphic recordings were obtained at 50 mm/s. st 
The mean transvalvular pressure gradients were calcu. 
lated by measuring the individual maximal velocities (V). 
every 100 ms throughout diastole. Then, the modified Ber- 
noulli equation (АР = 4-V?) was used as previously de- 
scribed, where AP is the pressure gradient in mm Hg and V 
is the maximal flow velocity in m/s. This equation has been : 
extensively validated for quantitative assessment of valvu r 
stenosis.2? The individual results were averaged to obtain ~ 
mean pressure gradient. 2: 
Patient 1: A 50-year-old man had moderate exertional 
dyspnea and palpitations. Doppler studies revealed a peak 
transtricuspid flow velocity of 1.2 m/s in late diastole that 
corresponded to the postatrial contraction phase (Fig. 1). 
Early transtricuspid flow velocity exhibited a maximum of 
0.7 m/s, which was in the upper limits of the normal range. — 
The calculated pressure gradient was 2.3 mm Hg. Cardiac 
catheterization confirmed severe aortic and mitral regurgi- | 
tation, moderate mitral stenosis and a 4 mm Hg mean gra- : 
dient across the tricuspid valve (Fig. 1). Right ventricular | 
pressure was normal. The morphologic features of the gra- 
dient defined by the pressure tracing was almost identical. 
to the actual Doppler flow velocity tracing with a small ж 
diastolic increase in pressure and larger end-diastolic peak 
gradient after atrial contraction. ay E 
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— Patient 2: A 27-year-old man underwent tricuspid valve 
- replacement (Starr-Edwards) at the age of 7 because of 
— traumatic tricuspid regurgitation. He now had fatigue and 
_ palpitations. The jugular venous pressure was elevated with 
. prominent A waves, left parasternal lift, normal S, and S» 
- and metallic valve sounds. A grade 2/6 systolic ejection 
_ murmur was present at the left sternal border and a grade 
_ 1/6 diastolic rumble was detected at the lower left sternal 
- border. 

-. Doppler examination revealed marked increase in the 
i _transprosthetic flow velocity (Fig. 2) resulting in а calculated 
. mean gradient of 10 mm Hg. Prosthetic valve, mitral and 
- aortic regurgitation also were noted. Cardiac catheterization 
К documented moderate elevation of right atrial pressure with 
. a gradient of 12 mm Hg across the tricuspid valve prosthesis 
_ (Fig. 2). Insignificant mitral, aortic and periprosthetic 
E regurgitation were detected. 


5 _ Recognition of TS requires careful physical exami- 
. nation with a high index of suspicion. With the advent 
` of M-mode and, more specifically, 2-D echocardiogra- 
. phy, TS can be reliably identified noninvasively.§ 
_ Analysis of flow velocities across the stenotic tricuspid 
. valve using Doppler techniques correlated closely with 
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FIGURE 1. Top, Doppler flow velocity spectra in 
patient 1. Left, 2-dimensional echocardiographic 
view with the Doppler sample volume located in 
the right ventricular inlet, as oriented from an 
apical 4-chamber view projection. Right, top to 
bottom, the electrocardiogram, valve amplitude 
signal, maximal and mean velocity analog indi- 
cators and Doppler spectra. Flow velocity in 
diastole exhibits a small early diastolic frequency 
shift and a higher peak after atrial contraction. 
Bottom, hemodynamic profile of the transtricuspid 
valve gradient obtained at cardiac catheterization. 
Simultaneous right ventricular and right atrial 
pressures are depicted. Each horizontal bold line 
represents 2.5 mm Hg. There is a remarkable 
similarity of shape between the differential pres- 
sure in diastole (right atrial to right ventricular 
gradient) to the Doppler flow tracing. LV = left 
ventricle; RV = right ventricle; RA = right 
atrium. 


the data subsequently obtained at catheterization in our 
patients, and should be a valuable adjunct to confirm 
the presence of TS and to estimate its severity nonin- 
vasively. Even small gradients across the tricuspid 
valve are hemodynamically significant and, thus, 
a priori knowledge of the severity of TS should fa- 
cilitate hemodynamic verification during cardiac 
catheterization. 
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‚ Guyer DE, Gillam LD, Foale RA, Clark MC 
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FIGURE 2. Top, Doppler recording in pa- 
tient 2. Right, the site from which the T 
Doppler tracings were obtained, as indi- 
cated by the Doppler bearn passing through 
the right ventricular inlet as oriented from 
a short-axis 2-dimensional echocardio- 
graphic image. Although the sample vol- 
ume is still shown, Doppler recordings 
were obtained in the continuous mode. 
Left, top to bottom, electrocardiogram, 
maximal and mean velocity analog indi- 
cators and Doppler spectra. The flow ve- 
locity is markedly elevated throughout 
diastole with some accentuation after the 
atrial contraction. Bottom, hemodynamic 
profile of the transprosthetic valve gradient 
in patient 2 with right atrial and right ven- 
ру tricular pressures displayed as in patient 1. 
As shown by Doppler tracings the gradient 
is established early in diastole and is 
maintained throughout with some accent- 
uation after atrial contraction. Abbrevia- 
tions as in Figure 1. 





Dynamic Intracavitary Left Atrial 
Echoes in Mitral Stenosis 
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Dynamic intracavitary echoes, which are associated with 
mural thrombi, have been described in the dysfunc- 
tional left ventricle of animals and humans.! This 
echocardiographic pattern, suggesting the presence of 
slow blood flow velocity, has been considered secondary 
to blood echogenicity occurring during stasis. In vitro 
studies have shown increased blood echogenicity during 
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stasis or slow flow velocity.? We have noted dynamic 
intracavitary echoes in the enlarged left atrium of some - 
patients with mitral stenosis (MS). 


From September 1981 to 1983, 281 patients with varying | 
degrees of MS underwent M-mode and 2-dimensional 
echocardiography (2-D echo). Diagnosis of MS was made on 
the basis of classic auscultatory, phonocardiographic and 
echocardiographic findings. The M-mode echocardiogram | 
was obtained in each patient with an Echoline 20A instru- 
ment with a 2.5 MHz transducer. Two-dimensional echo was 
performed with commercially available, phased-array sys- 
tems: Hewlett-Packard 77020A and Toshiba SSH 40A. These- 
sector scanners have 2.5- and 3.5-MHz transducers, respec- 
tively. Two-dimensional echo was performed using all the . 
available tomographic planes from different approaches, 
including that in the right sternal border.* Left atrial (LA) | 
thrombus was defined as a clearly outlined mass attached | 
to an atrial wall protruding into the LA cavity, which can be 
visualized by at least 2 different tomographic planes ex- 
ploring the same area. Dynamic intracavitary echoes were 
defined as a cloud of low- intensity echoes slowly moving (in | 
a circular or spiral shape) in the LA cavity. 
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TABLE! Clinical and Echocardiographic Findings in Patients with Intracavitary Echoes 


Age (yr) 

Pt & Sex Diagnosis NYHA* 
1 41F MS,MR Il 
2 40F MS I 
3 51F MS,MR IV 

AR,TR 
4 47M MS I 
5 62M MS,TR IV 
6 51M MS,AR Il 
7 38F MS,AR IV 
8 41F MS I 
9 57M MS,TR IV 
10 60M MS,TR IV 


* New York Heart Association functional class. 

AF - atrial fibrillation; AR 
= left atrial; MR = 
+ = yes. 





FIGURE 1. Patient 3. Top, preoperative echocardiographic examination, 
performed from the right sternal border approach, showing 2 mural 
thrombi (T) in the left atrium (LA) and a cloud of low-amplitude echoes 
(arrows) in the proximity of the atrial septum. In the real-time images, 
these dynamic echoes showed a slow circular motion. Bottom, post- 
operative 2-dimensional echocardiogram from the same patient. The 
Cloud of low-amplitude echoes is no longer visible. Mural thrombi were 
removed during the surgical procedure. A = anterior; AP = apex; Ba 
= base; LV = left ventricle; P = posterior: RA = right atrium. 


AF 


+++++++ +++ 


Anticoagulant 


Treatment 
at the 
LA LA First 
Dimension Thrombi 2-D Echo 

58 0 0 

65 0 0 

95 + + 

68 0 0 

80 + + 

70 0 + 

91 0 + 

73 0 + 

82 + 0 
105 0 0 


= aortic regurgitation, 2-D echo = 2-dimensional echocardiography; LA 
mitral regurgitation; MS = mitral Stenosis; TR = tricuspid regurgitation: 0 = no; 


FIGURE 2. Patient 10. Subcostal approach. A large cloud of dynamic 
echoes (arrows) is visualized in the enlarged left atrium (LA). The shape 
of the cloud of echoes changes in different cardiac cycles (top and 
bottom panels). Abbreviations as in Figure 1. 
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LA dynamic intracavitary echoes were observed in 10 pa- 
tients (3.9%). The main clinical and echocardiographic 
findings of the 10 patients with dynamic intracavitary echoes 
are summarized in Table I. Seven patients in whom dynamic 
intracavitary echoes were identified with a 3.5-MHz 2-D 
echocardiographic system were studied again with the other 
2.D echocardiographic system (2.5-MHz transdu cer), and 
dynamic intracavitary echoes could be detected only in 1 
patient (no. 7). Dynamic intracavitary echoes were detected 
in 2 patients (nos. 1 and 10) by all approaches, in 4 patients 
(nos. 2 to 5) only by the apical and right sternal approaches, 
in 3 patients (nos. 6, 7 and 9) only by the right sternal ap- 
proach, and in 1 patient (no. 8) only by the apical and sub- 
costal approaches. 

In 3 patients (cases 3,5 and 9), LA thrombi were detected. 
Three patients (nos. 1,2 and 3) underwent cardiac surgery 
for mitral commissurotomy or valve replacement, and only 
liquid blood was found in the left atrium; in 1 of these pa- 
tients (no. 3), the presence of 2 mural thrombi was confirmed. 
Two-dimensional echocardiographic studies performed in 
the 3 patients 2 and 4 months after successful surgical pro- 
cedure showed the disappearance of dynamic intracavitary 
echoes. (In each case pre- and postoperative examina- 
tions were performed with 3.5-MHz equipment.) Preopera- 
tive and postoperative 2-D echocardiograms of patient 3 
are presented in Figure 1. Figures 2 to 4 show patterns 





FIGURE 3. Patient 7. Echocardiographic examination from the right 
sternal approach. In the real-time image a cloud of low-amplitude 
echoes with a circular motion (arrows) is visualized in the left atrium 
(LA). L = left; В = right; other abbreviations as in Figure 1. 


of dynamic intracavitary echoes detected in patients 6, 
7 and 10. 


In vivo studies have shown increased blood echoge- 
nicity during stasis. Mikell et al! found dynamic echoes 
showing a slow circular motion in the proximity of the 
apex in the dysfunctional left ventricle of animals and 
humans. These echoes were believed to be secondary to 
increased blood echogenicity occurring during blood 
stasis. The unusual dynamic echoes detected in the left 
atrium of our patients may have been the result of blood 
stasis for different reasons. First, all of our patients with 
dynamic intracavitary echoes had significant MS, were 
in atrial fibrillation and had LA enlargement, and all of 
these conditions favor the development of blood stasis 
in the left atrium. Second, when the LA cavity was in- 
spected in the 3 patients who underwent cardiac sur- 
gery, only liquid blood was found. Third, dynamic in- 
tracavitary echoes disappeared in these 3 patients after 
the surgical procedure, and this could be explained by 
improvement of LA emptying after cardiac surgery. 
Fourth, we have never observed dynamic intracavitary 
echoes in the left atrium of patients without MS or in 
patients with moderate or mild MS. Furthermore, their 





FIGURE 4. Patient 6. Echocardiographic examination from the right 
sternal approach. A cloud of low-amplitude echoes with a spiral-shaped 
motion (arrows) is visualized in the proximity of the mitral valve. LA = 
left atrium; RA = right atrium. 








> iit 


X 461 





А5, 









" "c T 
JS е 


ре indicated by their motion 





1 





Y 
LM 
r 






тъ 
Le. 
« 
Е 


е 


of red blood cells. Sigel et al? postulated that rouleaux 
for mation of erythrocytes, occurring during slow flow 
conditions, may be responsible for the production of 
echogenicity. 
_ This unusual pattern of echoes was easily distin- 
guished from thrombosis in each of the patients with 
M mu 'al thrombi; thrombi have well-defined borders, are 
- visible from different tomographic planes and are more 
e ogenic than blood or dynamic intracavitary echoes; 
dynamic intracavitary echoes are less intense, have 
- continuously changing borders and are generally located 
“аё the center of the atrium. Dynamic intracavitary 
- echoes could not be detected in all patients with LA 
iesia and marked LA enlargement, with or without 
LA thrombi. Several factors can account for this lack of 
visualization. First, the quality of ultrasound trans- 
sion through the chest, not excellent in each patient, 
affect visualization of dynamic intracavitary echoes. 
ond, transducer frequency appears to play an im- 
ant role in the visualization of such unusual echo 
- patterns. Our clinical observations and the in vitro 
- Studies of Sigel et al? indicate that blood echogenicity 
iS more easily detected by echocardiographic systems 
With higher frequency and resolution. Third, not all the 
sg | 























у. Echocardiographic Features of 
_ Amyloid Ischemic Heart Disease 
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ssly by nondilated ventricles with increased ven- 
cular wall thickness.!-3 We describe 2 patients with 
amyloid heart disease, primarily of the vascular rather 
than the interstitial type, in whom the left ventricular 
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tomographic planes, according to our data, are equally | 


useful in the detection of such echo patterns. The lack 
of visualization of such echoes by some tomographic 
planes can be related either to the impossibility of ob- 
taining adequate-quality echocardiograms of all to- 
mographic sections? in each patient or to a possible in- 
fluence of the ultrasonic beam angulation on detection 
of dynamic intracavitary echoes. 

In conclusion, the phenomenon of dynamic intra- 
cavitary echoes may be found not only in the dysfunc- 
tional left ventricle of patients with primary or secon- 
dary dilated cardiomyopathy, but also in the enlarged 
and akinetic left atrium of patients with MS and atrial 
fibrillation. Several factors, including transducer fre- 
quency, tomographic plane used and, of course, intra- 
atrial flow conditions, influence detection of dynamic 
intracavitary echoes. 
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(LV) wall thickness was normal; the cavity was dilated 
in 1 patient. 


Case 1: A 69-year-old man was diagnosed as having mul- 
tiple myeloma and primary systemic amyloidosis (AL) in 
April 1978. Systemic amyloidosis was manifested by joint 
pains, a serum M-spike of 3.9 g/dl (IgG x), and a urine M- 
spike of 4.0 g/24 hours (к). Amyloid was found in synovial 
tissue. The only cardiac abnormality was a grade 2/6 basal 
systolic murmur. A roentgenogram of the chest and an elec- 
trocardiogram were normal. The patient was randomized to 
a regimen of melphalan and prednisone, which resulted in 
a reduction of the serum M-spike to 0.8 g/dl and the urine 
M-protein to 0.1 g/24 hours. The patient had angina pectoris 
in August 1982 and progressive dyspnea on exertion in March 
1983. The blood pressure was 110/70 mm Hg, jugular venous 
pressure was elevated, the liver was enlarged and pedal 
edema was present. An electrocardiogram showed left bundle 
branch block, and a roentgenogram of the chest revealed 
generalized cardiac enlargement. M-mode and 2-dimensional 
echocardiographic examinations showed a dilated left ven- 
tricle (61 mm) with normal septal (9 mm) and free wall (9 
mm) thicknesses and reduced ventricular function (frac- 
tional shortening 20% ) (Fig. 1). No granular sparkling ap- 
pearance was noted. Cardiac catheterization showed a low 
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FIGURE 1. Case 1. Left, M-mode echocardiogram shows 
a dilated left ventricular cavity with normal free wall and 
septal thickness. Shortening fraction is decreased. Right, 
2-dimensional echocardiogram (apical view) shows a 
dilated left ventricular cavity without the typical increased 
thickness of the ventricular and septal walls that is 
characteristically observed in interstitial amyloid heart 
disease. AO - aorta; | — inferior; L — left; LA — left 
atrium; LV = left ventricle; LW = left ventricular wall; PW 
= posterior wall; В = right; RA = right atrium; RV = right 
ventricle; S — superior; VS — ventricular septum. 


dilated (Fig. 2). The major epicardial coronary arteries 
showed only mild atherosclerosis, but the intramural coro- 
nary branches were severely obstructed by amyloid deposits. 
Both ventricles were involved by acute and chronic suben- 
docardial ischemia. Interstitial amyloid deposition was 
minimal. 

Case 2: A 62-year-old man was referred in October 1982 
for evaluation of generalized fatigue and malaise. The blood 
pressure was 115/70 mm Hg, and no precordial murmur or 
congestive heart failure was noted. A roentgenogram of the 
chest and an electrocardiogram were normal. A small amount 
of monoclonal № protein was found in the serum and urine. 
Bone marrow contained 10% plasma cells, and a rectal bi- 
opsy was positive for amyloid. Three months later, progres- 
sive exertional angina pectoris associated with dyspnea de- 
veloped. M-mode and 2-dimensional echocardiographic ex- 
aminations were normal. The LV pressure was 104/4 to 18 
mm Hg, and the right ventricular pressure 42/5 to 14 mm Hg. 
The ejection fraction was normal, and coronary arteriogra- 
phy excluded any significant atheromatous disease. A right 
ventricular endomyocardial biopsy revealed minimal in- 
terstitial amyloid but widespread obstructive amyloid de- 
posits within small intramural coronary vessels. The pa- 
tient's condition was clinically stable on reexamination at 
1-year follow-up. 


Amyloid heart disease is a common manifestation 
of AL (either primary or associated with multiple 
myeloma).?? 

Amyloid deposition within the heart may be inter- 
stitial or vascular, *-9 and therefore the clinical and an- 
atomic manifestations will depend upon the type and 
extent of amyloid deposition. In most cases, the inter- 
stitial distribution dominates and results in the char- 
acteristic echocardiographic appearance, consisting of 
thickened and highly refractile ventricular walls and 
small or normal LV cavity size, usually associated with 
reduced LV function.? Rarely, the involvement of small 
intramural coronary vessels may dominate and account 
for the clinical features of nonatherosclerotic ischemic 
heart disease. On echocardiography, both of our patients 
had normal ventricular wall thickness, and 1 had a di- 
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FIGURE 2. Case 1. Autopsy specimen. Ventricular septal and left 
ventricular free wall thicknesses are normal (1.4 cm) and the left ven- 
tricular cavity is dilated. 


lated left ventricle. No granular sparkling appearance 
was noted. Therefore, we submit that the echocardio- 
graphic pattern of vascular (ischemic) cardiac amy- 
loid, in contrast to the classic interstitial pattern, 
may be characterized by LV dilatation and normal wall 
thickness. 
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. Noninvasive Detection of Anomalous 
. Origin of the Left Main Coronary Artery 
from the Pulmonary Trunk by Pulsed 


_ This report describes the 2-dimensional (2-D) and 
| Doppler echocardiographic features that may be helpful 
|. in the diagnosis of anomalous origin of the left main 
` coronary artery (LM) from the pulmonary trunk 
ES (PT). 


_ — Werecently performed 2-D and pulsed Doppler echocar- 
EH - diography in a 2-month-old infant referred for evaluation 
~ of a dilated cardiomyopathy. The 2-D echocardiogram re- 
| _ vealed a dilated left ventricle with diminished contractility 
| and origin of the LM from the PT (Fig. 1). Pulsed Doppler 
| performed with interrogation of the PT in the parasternal 
` short-axis view just distal to the pulmonary valve disclosed 
— normal pulmonary flow and late systolic retrograde flow (Fig. 
| 2). The bidirectional flow pattern could be detected only in 
| the proximal portion of the PT. On the basis of the echocar- 
= diographic findings, the late systolic flow pattern on the 


_ Doppler flow tracing was interpreted as representing left- 


n to-right shunting through the LM arising from the PT. 
|. Cardiac catheterization confirmed the diagnosis and the left 
= ventricular angiogram revealed a left-to-right shunt through 
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У FIGURE 1. Parasternal short-axis echocardiogram showing origin of 
. the left coronary artery (arrow) from the main pulmonary artery (PA). 
_ Ao = aorta. 
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collateral vessels from the right to the left coronary artery 
system and into the PT. 

We have subsequently performed Doppler echocardiog- 
raphy in 4 additional patients with angiographically con- 
firmed LM arising from the PT. In each patient, a bidirec- 
tional pulmonary flow pattern was present with the Doppler 
sample volume placed 2 to 3 mm distal to the pulmonary 
valve. 


Anomalous origin of the LM from the PT is rare, oc- 
curring in approximately 0.46% of children with con- 
genital heart disease.! Infants with this condition may 
be difficult to differentiate from those with dilated 
cardiomyopathy: Both conditions may cause congestive 
heart failure and cardiomegaly, with either no precordial 
murmur or the murmur of mitral regurgitation. Early 
detection of patients with origin of the LM from the РТ 
is important because the lesion is amenable to surgical 
therapy.? Several noninvasive techniques are sensitive 
but not specific for diagnosis. These include scalar 
electrocardiography and thallium-201 imaging.?? The 
2-D echocardiographic features include visualization 
of the LM ostium from the РТ and nonvisualization of 
the LM ostium in the presence of a prominent right 
coronary artery.4° [n most patients, however, the 
echocardiographic diagnosis has been made retrospec- 
tively after definitive angiography. 

Bidirectional Doppler flow in the patient also may be 
seen with other congenital heart defects. Patent ductus 
arteriosus or aortopulmonary window may produce a 
similar flow pattern in the PT, but have a different 
appearance ор 2-D imaging. When the LM arises from 
the PT, the localization of the flow pattern in the 
proximal P'T without a similar pattern in the distal P'T 
makes the diagnosis of a patent ductus or aortopulmo- 
nary window unlikely. Pulmonary regurgitation may 
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FIGURE 2. Pulsed Doppler flow tracing obtained in the parasternal 
short-axis view with a 5.0-MHz transducer with the sample volume just 
distal to the pulmonary valve. The flow pattern below the baseline 
represents normal pulmonary flow and the tracing above the baseline 
in late systole (arrow) represents retrograde flow from the anomalous 
left coronary artery. Vertical lines indicate 1.0 second and horizontal 
lines represent a 1.0-kHz frequency shift. 
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also produce similar findings; however, interrogation 
of the right ventricular outflow tract should exclude this 
diagnosis. 

Some clinical situations may produce false-negative 
results with this technique. For example, with pulmo- 
nary hypertension and negligible left-to-right shunt, 
Doppler interrogation of the PT is unlikely to produce 
a bidirectional flow pattern. Similarly, in the rare pa- 
tient with origin of 1 or both coronary arteries from the 
pulmonary artery branches it is likely the Doppler 
tracing in the main PT would be normal. 

Pulsed Doppler echocardiography can be used to 
confirm the diagnosis of LM arising from the PT in 
patients with echocardiographic features of left ven- 
tricular dilation and reduced contractility. The LM may 
be visualized originating from the P'T in some cases; 
however, often the coronary arteries are difficult to 





Origin of the Right from the Left Main 
Coronary Artery (Single Coronary 
Ostium in Aorta) 


DEBORAH J. BARBOUR, MD 
WILLIAM C. ROBERTS, MD 


Origin of both the right and left main (LM) coronary 
arteries from the aortic wall of the right sinus of Val- 
salva frequently is a lethal anomaly.! Origin of both the 
right and LM coronary arteries from the aortic wall of 
the left sinus of Valsalva, in contrast, usually is a benign 
anomaly.2 Although many studies have described origin 
of both LM and right coronary arteries from the aortic 
wall of the same sinus of Valsalva, few? have described 
origin of the right coronary artery from the LM. Husaini 
et al? described angiographic features of this anomaly 
in a 52-year-old man who underwent selective coronary 
angiography after probable acute myocardial infarction. 
Muus and McManus? described this anomaly in a full- 
term stillborn infant who also had a bicuspid aortic 
valve. Whether the coronary anomaly played a role in 
the stillbirth is uncertain. In both of these previously 
described patients, the anomalously arising right cor- 
onary artery coursed between aorta posteriorly and the 
pulmonary trunk anteriorly. 


J.G., a 65-year-old man, never had signs or symptoms of 
cardiac dysfunction. He did have systemic hypertension and 
electrocardiographic voltage criteria consistent with left 
ventricular hypertrophy. He died from carcinoma of the lung. 
At necropsy, the heart weighed 380 g. The cardiac cavities 
were of normal size. No foci of myocardial fibrosis or necrosis 
were present. The origin and courses of the coronary arteries 
are shown in Figure 1. The anomalous right coronary artery 
was much smaller than either the left circumflex or left an- 
terior descending branches; it burrowed into the myocardium 
of the crista supraventricularis for about 2 cm of its length 
> КЖ НОЕ РИН S E SNE re sees ne oe 
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image. Interrogation of the proximal PT with pulsed ] $ 
Doppler echocardiography should help confirm the 3 
diagnosis. | ^ 
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FIGURE 1. Course of the right coronary artery after its anomalous origin — 
from the left main (LM) coronary artery. It burrowed into the myocardium _ 
of the crista supraventricularis for 2 cm shortly after its origin. The entire — 
right coronary artery is small and it virtually disappeared after reaching | 
the right margin of the heart. L = left sinus of Valsalva; LAD = left an - 
terior descending coronary artery; LC = left circumflex coronary artery; _ 
P = posterior sinus of Valsalva; R = right sinus of Valsalva; RVOT = _ 
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right ventricular outflow tract. | 


shortly after its origin from the LM. All epicardial coronary | 
arteries were free of atherosclerotic plaque. 


This case demonstrates that origin of the right coro- 
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nary artery from the LM may bea benign anomaly un- _ 


. ө е . . . * ` И 
associated with either functional or anatomic evidence - 
| 


of myocardial ischemia. P 
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Thrombosis Complicating Balloon 
Angioplasty of Left Pulmonary Artery 
Stenosis After Fontan’s Procedure: 
Successful Treatment with 
Intravenous Streptokinase 





E THOMAS G. Di SESSA, MD 
LAWRENCE A. YEATMAN, Jr., MD 


E. ROBERTA G. WILLIAMS, MD 

b JUAN F. LOIS, MD 

Е: WILLIAM Е. FRIEDMAN, MD 

eas HILLEL LAKS, MD 

` Fontan's procedure is an acceptable alternative for the 
МУ. 


- palliation of tricuspid atresia, when there is no ob- 
_ struction to flow within the pulmonary artery (PA) tree. 
— We describe balloon angioplasty of a stenotic left PA in 
. a patient with Fontan’s repair of tricuspid atresia. The 
E. procedure was complicated by left PA thrombosis, 
— successfully treated with streptokinase. 
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IE 


uf ` А 6.5-year-old girl with tricuspid atresia underwent a 
— Pott's anastomosis at age 5 months and a Fontan procedure 
e with "take down" of the Pott's at age 5 years. The child was 


_ asymptomatic while being treated with digoxin and spira- 
^. nolactone for 1 year, at which time peripheral edema and 
M ascites developed. Cardiac catheterization revealed severe 
` stenosis of the main left PA (Е ig. 1). There was a 4 mm Hg 
- mean pressure difference across the stenotic site. Furosemide 
. therapy produced same resolution of systemic edema. Three 

months later balloon dilation angioplasty of the left PA was 
` performed. Because the inferior vena cava was thrombosed, 
. aright axillary vein cutdown was used. Balloon angioplasty 


© 


__ was accomplished according to a previously described tech- 
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. FIGURE 1. Pulmonary artery angiogram before angioplasty. There is 
marked narrowing of the proximal left pulmonary artery. 
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nique.! Because a cutdown was used, systemic hepariniza- 
tion was not instituted. A No. 9Fr 1.2-cm balloon angioplasty 
catheter (Meditech) was passed over a guidewire and across 
the branch stenosis. The balloon was inflated to a 4-atm 
pressure with diluted contrast solution for 30 seconds. After 
3 inflations a waist persisted in the balloon. Therefore, a No. 
9Fr 1.5-cm balloon angioplasty catheter (Meditech) was 
passed over the guidewire and across the stenosis. The di- 
lation was repeated twice by inflating the balloon to 4 
atm. 

Postangioplasty angiography demonstrated total occlusion 
of the left upper lobe PA and near complete obstruction of 
the left lower lobe PA by thrombus (Fig. 2). After returning 
the child to the ward, therapy was begun with peripheral 
venous infusion of streptokinase (25,000 U/hour) for 48 
hours, followed by 36 hours of heparin infusion and 1 month 
of warfarin therapy. Three days after angioplasty, peripheral 
venous digital subtraction angioplasty demonstrated com- 
plete resolution of the intrapulmonary thrombus and good 
perfusion of the left upper and left lower lobes (F ig. 3). The 
previously stenotic segment of the left PA was widely patent. 
The child is now asymptomatic and without subcutaneous 
edema. She receives digoxin and low-dose diuretic drugs. 





FIGURE 2. Pulmonary artery angiogram after angioplasty. There is no 
flow to the left upper and lower lobe pulmonary arteries. 
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FIGURE 3. Intravenous digital subtraction angiogram after streptokinase 
and heparin therapy. There is good filling of all major left pulmonary 
artery branches. In addition, the site of stenosis is widely patent. 
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Postoperative residua are a major determinant of the 
outcome after a Fontan procedure. In our patient, left 
PA stenosis may have contributed to the late onset of 
edema and ascites. The use of balloon dilation angio- 
plasty to enlarge a stenotic PA appeared a logical al- 
ternative to surgery.-? Despite an immediate compli- 
cation, the angioplasty produced an increase in the 
diameter of the stenotic area. 

Complications of the transluminal dilation of stenotic 
vessels and valves include dysrhythmia, hypotension, 
chest pain, periadventitial bleeding and death. Arterial 
thrombosis complicating balloon angioplasty of stenotic 
pulmonary arteries has not been reported.! Several 
factors may have contributed to the development of an 
arterial thrombus in our patient. Included among these 
are the duration of balloon inflation, vessel injury due 
to catheter manipulation, and the flow characteristics 
of the systemic venous circulation after Fontan repair. 
Because angioplasty balloons have been inflated for as 
long as 60 seconds in the PA without thrombus forma- 
tion, it is not likely that this factor alone contributed to 
thrombosis. If vessel damage from catheter manipula- 
tion was the initiator of such widespread thrombosis, 


Calcified Right Ventricular Outflow 
Tract Aneurysm After Repair of 
Tetralogy of Fallot 


CHARLES A. BULLABOY, MD 
RUFUS B. JENNINGS, Jr., MD 
DAVID H. JOHNSON, MD 


Right ventricular outflow tract obstruction in tetralogy 
of Fallot often includes the pulmonic valve, its anulus, 
the main and branch pulmonary arteries in addition to 
the expected infundibular narrowing. Widening of this 
multiple area of obstructions frequently necessitates 
patch augmentation. Both synthetic (Ivalon®, Dacron®, 
Teflon®, Gore-Tex®, Impra®) and natural (dura mater 
and parietal pericardium) materials are used for this 
purpose. Debate has arisen as to which materials are 
preferable.! 


A 5-year-old girl was seen in July 1980 because of an ab- 
normal chest radiograph (Fig. 1). At age 3 months she had 
undergone intra-cardiac repair of tetralogy of Fallot. Repeat 
cardiac catheterization revealed systemic right ventricular 
pressure, normal pulmonary artery pressure, and a residual 
ventricular septal defect with pulmonary-to-systemic blood 
flow ratio of 1.6:1.0. At redo operation, a calcified pericardial 
false aneurysm was excised with the 2 specimens measuring 
8 X 5.5 х 0.2 and 6.5 X 6 X 0.3 cm. The repair included clo- 
sure of a 4 X 4 mm ventricular septal defect and Impra® 
patch enlargement across the pulmonary valve anulus. 
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this complication would have been reported more fre- 
quently. The unique factor in our patient is the PA flow 
characteristics that are present after a Fontan repair. 
Doppler studies have shown that PA flow is low velocity 
and nonpulsatile after a right atrial to PA anastomosis.? 
Sluggish PA flow may not wash away platelet aggregates 
that probably form during the dilation procedure. The 
use of systemic heparinization during the angioplasty 
may have avoided this event. 

Transluminal balloon angioplasty may be of value in 
the treatment of branch PA stenosis secondary to 
takedown of Pott’s shunt. Angioplasty of a stenotic PA 


in the setting of a Fontan operation may be followed by 


PA thrombus formation. Thus, systemic heparainiza- _ 


tion during the procedure should be considered. 
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FIGURE 1. Posteroanterior view chest x-ray demonstrating calcified 
right ventricular outflow tract aneurysm. 
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Regardless of the type of patch material used and its 


size, shape or extent, aneurysmal dilatation may follow 


incomplete repair, with residual pressure gradients or 
volume overloading (ventricular septal defect or pul- 
monic regurgitation) of the right ventricle.” 


Acknowledgment: We thank Brenda Taylor for her as- 
sistance in the preparation of this manuscript. 
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3 Aortoplasty for Coarctation 
Г In Childhood 
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$ In 2 patients who had previously undergone patch 


E aortoplasty for repair of coarctation of the aorta (CoA), 
-. progressive aneurysmal dilatation of the aorta devel- 


2 
* 


| n oped at the site of the repair. Both patients underwent 


7 
b. 


_ operative resection of the aneurysm. 






. Patient 1: A 12-year-old boy underwent patch angioplasty 
.. at age 6 year for discrete CoA distal to the left subclavian 
-. artery. Postoperative chest roentgenograms revealed only 
.. mild dilatation at the patch aortoplasty site (Fig. 1a), with 
_ no residual obstruction by physical examination. On return 
visit 6.5 years postoperatively, the chest roentgenogram re- 
_ vealed an aneurysmal dilatation of the aorta in the region 
_ of the aortoplasty (Fig. 1b). Two-dimensional echocardiog- 
__ raphy confirmed the marked dilatation of the aorta as did 
— digital subtraction angiography. Operation revealed a 5- 
_ em-diameter aneurysm of the aorta, adjacent to and in- 
_ cluding an intact patch. The aneurysm was resected and the 
.. aorta was repaired with a woven Dacron? graft. 
` Patient 2: An 18-year-old boy underwent patch aorto- 
.. plasty at age 14 years to repair a discrete CoA. One year later, 
_ a dilatation of the aorta was noted in the region of the an- 
- gioplasty on the roentgenogram (Fig. 2a) and confirmed by 
` aortography (Fig. 2b). In the next 4 years, the aneurysm 
progressively increased in size (Fig. 3a). Two-dimensional 
echocardiography and aortography (Fig. 3b) confirmed the 
presence of a large aneurysm in the region of the patch an- 
gioplasty. At operation, a 5-cm-diameter, thin-walled true 
. aneurysm was found adjacent to and including the patch. 
` The aneurysm was successfully resected, with reconstruction 
using a tubular Dacron graft. 





a geni 


FIGURE 1. a, chest roentgenogram of patient 1, 4 years after patch 
aortoplasty. b, chest roentgenogram of the same patient 6.5 years 
postoperatively showing aneurysmal dilatation of aorta (arrow). 
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FIGURE 2. a, chest roentgenogram of patient 2, 1 year after patch 


aortoplasty. b, aortogram in 


same patient shows early aneurysm 
(arrow). 
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FIGURE 3. a, chest roentgenogram of patient 2, 4 years later. b, aor- 
togram clearly shows progressive enlargement of the aneurysm. 


Vosschulte, in 1957,1 described the technique of patch 
aortoplasty for the correction of CoA. Patch aortoplasty 
has been accepted as a safe, effective alternative to the 
technique of end-to-end anastomosis. Recent reports 
have described aneurysm formation in patients who had 
previously undergone patch aortoplasty and are of great 
concern.?-? In our patients, disturbed blood flow pat- 
terns were demonstrated by pulsed Doppler echocar- 
diographic assessment of aortic blood flow in the region 
of the patch, even in the absence of residual obstruction. 
These abnormal flow patterns may reflect the lack of 
distensibility of the Dacron patch, with resultant tur- 
bulence and distension of the aorta opposite to and 
below the site of the aortoplasty.5 The presence of ab- 
normal aortic wall tissue in patients with CoA? may 
further predispose these patients to aneurysmal changes 
In the presence of disturbed flow patterns. Patients who 
have undergone patch aortoplasty for CoA should 
therefore be followed closely for the development of 
potentially disastrous aneurysmal changes in the region 
of the patch. 
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 Deglutition Syncope and 
Atrioventricular Block Selectively 
Induced by Hot Food and Liquid 
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EDWARD M. DWYER, Jr., MD 


Deglutition syncope is an uncommon disorder in which 
loss of consciousness follows swallowing. At least 26 
cases have been reported. The cause appears to be an 
esophagocardiac vagal reflex producing atrial brad- 
yarrhythmias or atrioventricular (AV) block.! Most 
cases have been associated with esophageal disease.” In 
some cases with no esophageal disease, a history con- 
sistent with esophageal spasm may be present.? We 
recently encountered a patient in whom swallowing only 
` hot substances could induce lightheadedness or syncope 
due to transient complete AV block. 


A 60-year-old man had lightheadedness for 10 years after 
ingesting hot food or liquid. Five years before admission, the 
patient lost consciousness after consuming hot oatmeal and 
suffered facial burns. He had hypertension treated with 
trazocin and diabetes mellitus treated with chlorpropamide. 
On the day of admission, the patient had chest pain with 
nausea and vomiting. On admission the blood pressure was 
120/70 mm Hg and pulse was 60 beats/min. A grade II apical 
systolic murmur was present. The electrocardiogram showed 
an acute inferior infarction. 

After leaving the cardiac care unit, the patient’s only 
medication was chlorpropamide. During an ambulatory 
24-hour electrocardiogram on the fourth hospital day, the 
patient lost consciousness after consuming hot soup. The 
recording demonstrated transient complete AV block with 
` asystole for 5.8 seconds (Fig. 1). The next morning a similar 
7.9-second pause occurred during breakfast. A temporary 
pacemaker was inserted. Challenges with hot coffee on the 
eighth hospital day induced second-degree AV block (Mobitz 
I and 2:1) and transient complete AV block (Fig. 2). Neither 
ice water nor room-temperature food produced AV block. A 
permanent pacemaker was implanted. On the 16th hospital 
day, with the pacemaker inhibited, hot soup induced Mobitz 
I AV block. Hot liquids failed to provoke AV block after 1 mg 
of intravenous atropine. Challenges with hot oatmeal on the 
22nd hospital day provoked Mobitz I AV block and transient 
complete AV block with asystole for 3.7 seconds, at which 
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atrioventricular block and ventricular asystole during syncope provoked 2 
by hot soup. EY. | 


FIGURE 1. Ambulatory electrocardiogram showing transient complete _ 
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FIGURE 2. Electrocardiogram showing 2:1 and complete atrioven- 
tricular block induced by hot coffee. a 


time the pacemaker inhibition was released. Again, ice water — 
and room-temperature food failed to induce AV block, and _ 
none could be provoked after atropine. An upper gastroin- E 
testinal series and an esophagram performed with hot bari- _ 

um were normal. JO 


Reports of deglutition syncope have rarely docu 
mented selectivity in the consistency or temperature of |. 
the food that provoked the rhythm disturbance. In TS 
report, carbonated beverages appeared to provoke sinus | 
bradycardia.? Our case is the only one in which hot . 
substances selectively induced conduction abnormali- _ 
ties. The absence of an escape rhythm during AV block - ; 
and the inability to induce AV block after atropine are | 
typical findings in previous cases. gat ie 
This syndrome has been seen with acute inferior б 
posterior infarction.’ In the present case, it is unlikely - 
that increased vagal tone from the infarction was the | 
sole precipitating factor given the history and there. | 
producibility of the findings for 3 weeks after infarction. - 
Drugs that increase AV conduction time may also pre- | 
cipitate this syndrome. Digoxin has caused deglutition - 
syncope and Mobitz II block in a patient with first- — 
degree AV block, right bundle branch block and left . 
anterior hemiblock.? Deglutition syncope has also 
followed initiation of therapy with digoxin and 
verapamil.® $2 
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l'he common echocardiographic features of left atrial 
_ (LA) myxoma are well described, and echocardiog- 
— raphy is the diagnostic modality of choice. These 
| hocardiographic features depend on the size, mobility 
- and echogenicity of the LA myxoma. We propose a new 
_ classification system which may improve the diagnostic 
E accuracy of echocardiography for LA myxoma. 
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ре Туре I: Small prolapsing myxomas: These mobile LA 
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` FIGURE 1. Small prolapsing myxoma (M). A, illustration of the apical 
_ 4-chamber view demonstrating the myxoma during diastole. B, 
· pathologic specimen demonstrating an irregular mass removed at 
. Surgery, along with its attachment to the interatrial septum (IAS). C, 
_ M-mode echocardiogram which demonstrates normal motion of the 
_ mitral valve (MV). Clouds of echoes behind the MV represent a myxoma, 
- which virtually disappear as the gain setting is reduced (fourth cardiac 
- cycle). D, 2-dimensional echocardiogram in the parasternal long-axis 
_ view. A small, elongated mass (arrows) is seen in the left ventricle (LV) 
а iring diastole without occluding the MV orifice. Ао = aorta: ECG = 
slectrocardiogram; IVS = ventricular septum; LA = left atrium; LAT 
















= lateral wall; RA = right atrium; RV = right ventricle; TV = tricuspid 
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FIGURE 2. Smail, nonprolapsing myxoma (M). A, illustration of the size 
and position of the myxoma during diastole. B, pathological specimen 
in situ of a small regularly shaped myxoma (arrow) attached to the in- 
teratrial septum. Abbreviations as in Figure 1. 


terfering with mitral valve motion (Fig. 1). A diastolic cloud 
of echoes behind the mitral valve may therefore be the only 

-mode echocardiographic sign, since E to F slope of the 
anterior leaflet of the mitral valve may be normal. In this 
instance the M-mode echocardiographic gain setting is 
critical, as the myxoma may not be detected if an inappro- 
priately low setting is used (Fig. 1C). For detection of this 
type of myxoma by 2-dimensional (2-D) echocardiography, 
the gain setting is also important, but less critical. 


Type II: Small nonprolapsing myxomas: These may be the 
most difficult myxomas to diagnose echocardiographically 
(Fig. 2). Since these small LA myxomas do not enter the left 
ventricle during ventricular diastole and the myxoma does 
not interfere with mitral valve motion, the common M-mode 
features of LA myxoma are not seen. M-mode echocardiog- 
raphy should demonstrate only a cluster of LA echoes behind 
the aortic root, throughout the cardiac cycle. Two-dimen- 
sional echocardiography demonstrates a small cluster of 
echoes attached to the atrial septum.? 


Type III: Large prolapsing myxomas: These LA myxomas 
cross the mitral valve and enter the left ventricle during 
ventricular diastole. Due to their large size, they prevent 
normal mid-diastolic mitral valve closure (Fig. 3). M-mode 
echocardiography demonstrates multiple echoes behind the 
mitral valve during the latter two-thirds of diastole, and a 
decreased E to F slope of the mitral valve. A less echogenic 
LA myxoma of this type that produces only a few linear 
echoes behind the anterior leaflet of the mitral valve, in as- 
sociation with abnormal mitral valve motion, may therefore 
mimick the M-mode signs of mitral stenosis (Fig. 3C).1-5 
Two-D echocardiography reveals multiple LA echoes which 
enter the left ventricle during ventricular diastole and in- 
terfere with mitral valve diastolic motion (F. ig. 3D). 


Type IV: Large, nonprolapsing myxomas: As a conse- 
quence of their size, these LA myxomas cannot cross the 
mitral valve orifice and therefore cannot enter the left ven- 
tricle. These myxomas remain in the left atrium during both 
systole and diastole, but may impinge upon and occlude the 
mitral valve orifice during diastole (Fig. 4). M-mode echo- 
cardiography reveals multiple LA echoes which do not ap- 
pear in the left ventricle during diastole. The mitral valve 
has reduced excursion secondary to reduced left ventricular 
filling (Fig. 4C). Two-dimensional echocardiography dem- 
onstrates a large minimally mobile mass which fills the left 
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FIGURE 3. Large prolapsing myxoma (М). A, illustration of the 
myxoma during diastole. B, pathologic specimen of a myxoma 
removed at surgery. Scale is in centimeters. C, M-mode echo- 
cardiogram, sweeping from the posterior left ventricle (LV) to 
the left atrium (LA). The mitral valve (MV) shows reduced E to F 
slope. Multiple linear echoes behind the MV are representative 
of a myxoma. D, 2-dimensional echocardiogram showing a large 
mass (arrows) in the left ventricle (LV) during diastole, which 
occludes the MV orifice. RVOT = right ventricular outflow tract; 
other abbreviations as in Figure 1. 


FIGURE 4. Large nonprolapsing myxoma 
(M). A, illustration of the myxoma during 
diastole. The tip of the myxoma protrudes 
into the left ventricle (LV). B, pathologic 
specimen of a large, globular myxoma. C, 
M-mode sweep from the left atrium (LA) to 
the LV. Multiple echoes representing a 
myxoma are seen in the LA throughout the 
cardiac cycle. Excursion of the mitral valve 
(MV) is reduced. The strong echoes behind 
the MV are a result of calcification of the 
MV ring. D, 2-dimensional echocardio- 
gram, showing multiple, coarse echoes 
filling the LA during diastole. PW = poste- 
rior wall. Abbreviations as in Figure 1. 


atrium and can obstruct the mitral valve orifice during 
diastole (Fig. 4D), as well as showing reduced diastolic mitral 
valve excursion. 

Since size, motion, spatial orientation and attachment to 
the atrial septum are best assessed by 2-D echocardiography, 
this diagnostic tool should always be combined with M-mode 
echocardiography when LA myxoma is suspected. Consid- 
eration of the spectrum of structural and functional features 
as presented in this report should improve the diagnostic 

. accuracy of echocardiography for the detection of the LA 
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The AJC in February 1960 


E WILLIAM F. FRIEDMAN, MD 


` The February 1960 issue of The American Journal of 
Cardiology was devoted primarily to a symposium on 
т ventricular septal defect (VSD). Operative repair of the 
_ anomaly under direct vision and extracorporeal bypass 
_ had just emerged as the cornerstone of the modern 
surgical approach,! but still carried a high fatality rate, 
€ specially in infancy. 
ON _The focus of the lead article by Damman et al? was 
Pt ne anatomy, physiology and natural history of simple 
а efects of the ventricular septum.? Defects were cate- 
. go rized as membranous or muscular, and were thought 
` to be the result of a СЕРУ of septal substance. The 
E classification? recognizing that the muscular 


"s уг Ives, iid also in чыт conduction system in repair. 
d Unrecognized i in 1960 was the genesis of defects by a 

 malalignment of septal components in different planes 
- preventing their fusion. Thus, right ventricular outflow 
f tract obstruction, which evolves, in as many as 10% of 
K) ›айеп{в born with clinical findings of a large VSD, into 


& t he classic picture of tetralogy of Fallot, was attributed 
- in 1960 to “the prolonged stress of high pulmonary 
- blood flow and high pulmonary pressure, leading to 
. hypertrophy of the outflow tract and eventual infun- 
| dibular stenosis." Later advances in embryology and 
А morphology provided our present understanding of the 

_ phenomenon as an underlying malalignment problem 

_ that results from an anterior, superior and leftward 

_ deviation of the infundibular ventricular septum away 
_ from its usual location in the heart between the limbs 

















й 1n this same regard, in 1960 the physiologic consid- 
_ erations underlying the evolution of pulmonary vascular 

_ obstruction focused only on the direct damage to pul- 

. monary blood vessels and inflammatory arteritis caused 

-by high pulmonary pressures and flows. Twenty-five 
5 - years later, we are still vexed with the variability among 
| patients i in the time of appearance and rate of progres- 
` sion of pulmonary vascular obstructive disease. To 
у: better understand the latter phenomenon, we incor- 
_ porate the importance of pre- and postnatal modifiers 
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of a quantitative variability in the pulmonary vascular 
bed, related to the number, not just the size and wall 
structure, of arterial vessels within the pulmonary cir- 
culation. Accordingly, the 1960 view of pulmonary 
vascular obstructive disease occurring as a result only 
of anatomic changes in the pulmonary arterial vessels 
has been expanded to appreciate the role of the growth 
and development of the pulmonary circulation. It is now 
clear that modeling occurs continuously, from before 
birth, of the blood vessels in the lung proximal to and 
within terminal bronchioles (pre- and intraacinar ves- 
sels, respectively). The intraacinar vessels, especially, 
increase in size and number from late fetal life 
throughout childhood, with minimal muscularization 
of their walls. This process increases the cross-sectional 
area of the pulmonary arterial circulation, and allows 
the cardiac output to rise substantially without in- 
creasing pulmonary arterial pressure or resistance. If, 
however, the presence of a cardiac lesion such as a large 
VSD, does not permit these most peripheral arteries to 
grow and multiply normally, the resulting elevation of 
pulmonary vascular resistance may be related initially 
to failure of the intraacinar pulmonary circulation to 
fully develop, and then, secondarily, to the morphologic 
changes of obliterative vascular disease. This conceptual 
framework very likely underlies the pivotal findings of 
DuShane and Kirklin’ more than a decade after the 
1960 symposium, showing that reversibility of increased 
pulmonary vascular resistance is expected if pulmonary 
hypertensive infants with VSD are operated upon when 
younger than 2 years of age; reversibility is conjectural 
if defects are closed later in life. Their study showed that 
28% of patients whose operation was performed after 
2 years of age developed pulmonary vascular disease. 
Parenthetically, an important side benefit of closure of 
large VSD in infancy gained recognition in 1976, 
when Graham et al® documented better postopera- 
tive left ventricular performance and reversal of hy- 
pertrophy than when operation was performed later in 
childhood.® 

Hemodynamic observations of over 100 patients with 
VSD were described in 2 articles.?!? Previously, the 
issue had been controversial of the relation between 
hemodynamics and the location of VSD. Imperial et al? 
resolved the debate by showing that the functional 
disturbance caused by a VSD depended primarily on 
its size and the status of the pulmonary vascular bed, 
rather than on the location of the VSD. | 

Four articles dealt with the clinical, phonocardio- - | 
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саге, sk the skills of Kirklin id our үйбөй 

congenital cardiac surgery, paved the way for the es 
sequent refinements that form the basis of recom- 
mending primary intracardiac repair of VSD, rather | 


ographic!* findings in patients with VSD. Recognition 
existed of the wide spectrum of findings, within the 
dynamic framework of the natural history of VSD, 
ranging from congestive cardiac failure and death in 
early infancy to the possible development of pulmonary 


` vascular obstruction, right ventricular outflow tract 
obstruction and infective endocarditis. Absent from 
these reports was an appreciation of the remarkably 
high incidence of spontaneous сІоѕиге!°, and recognition 
that the natural history framework of VSD included the 
subset of patients with aortic regurgitation.!6 Elsewhere 
in the issue, but not a part of the symposium, one of the 
first successful surgical corrections is described of VSD 


than surgical banding of the pulmonary trunk, as the | 
procedure of choice to reduce pulmonary blood flow and. й 
alleviate heart failure in infants with a large left- “о-и 
shunt and an unrestricted VSD.?? B 
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would die if treated medically. In these young patients, 
Blount and Woodwark estimated a 50% mortality from 
medical treatment alone, compared with an expected 
surgical mortality of at least 50% if corrective, rather 
than palliative, operation was undertaken. Thus, of 
special interest in the symposium were the reports of 
Kirklin?? and Nogueira et al, of the operative approach 
and results of surgery in patients with this cardiac 
malformation. The Kirklin article is a model of excel- 
lence in underscoring the attention to detail required 
in intraoperative management and post-operative in- 
tensive care to enhance survival. These principles of 






1964;29:862-873. 


. Garamella JJ, Cruz AB Jr, Heupel WH, Dahl JC, Jensen NK, BirhmanR. _ 


Ventricular septal defect with aortic insufficiency: successful surgical co- 
eed a, defects by the trans-aortic approach. Am J Cardiol 1960; _ 


. Sahn DJ, Terry R, O'Rourke R, Leopold C, Friedman WF. Multiple crystal | 


cross-sectional echocardiography in the diagnosis of cyanotic congenital - 
heart disease. Circulation 1974;50:230-238. 


. Blount SG Jr, Woodwark GN. Considerations involved in the selection for 


surgery of patients with ventricular septal defects. Am J Cardiol 1960;5: | 


. Kirklin JW. Surgical treatment of ventricular septal defect. Am J Cardiol - 


1960;5:234-238. n 


Nogueira C, Zimmerman HA, Kay EB. Results for surgery of ventricular 


septal defects. Am J Cardiol 1960; 5:239-241. 


. Rizzoli G, Blackstone EH, Kirklin JW, Pacifico AD, Bargeron LN Jr. In- | 


cremental risk factors апа hospital mortality rate after repair of ventricular — 
septal defect. J Thorac Cardiovasc Surg 1980;80:494-505. 


f. 


Fy 


ut 


ч r à 
4 
Ml E I 
rcs - E or „г; 


E 


Ё | vs `: А 
| Hide v vc be deo i ТҮЙӨ. Sy. o С 
whe! 











TRANSDERMAL NITROGLYCERIN 
DISC EFFICACY DATA: TWO 
YEARS TOO LATE 


` The recent editorial by Abrams! is an excel- 
` lent overview of the current knowledge re- 
E une transdermal nitroglycerin discs. 
— These novel dosage forms were allowed 
` marketing 2 years ago based on serum levels 
. achieved, not because they proved to be ef- 


` fective.? I am pleased to see that adequate 
2 ыкы efficacy data are becoming available 


for these products. However, it would have 
been desirable to know, 2 years ago, that 


_ transdermal nitroglycerin discs are minimally 


__ effective for congestive heart failure or angina 
| when low-to-moderate doses are used,3* do 
. not consistently afford 24-hour antianginal 
_ protection, 14 and are less effective than other 
© nitroglycerin dosage forms.* 

The manufacturers have profited greatly 
Virom these products: over $100 million worth 
_ of sales іп 1983.5 If these recent data were 
B liom before marketing, these dosage forms 
- would probably not have been so successful 


. and possibly not allowed release at all. Un- 


— fortunately, it appears that many patients 
| have wasted their money on a minimally ef- 


fective drug product and have been subjected 


to combination drug therapy because their 
nitrate regimen (in the form of a transdermal 
disc) seemed to be insufficient. 

The medical profession and Food and Drug 
Administration should learn a lesson from 
_ this matter: novel drug dosage forms, where 
an established serum level-response relation 
` does not exist, should not be allowed on the 
| U.S. market unless they have been proved 


clinically effective. 


William T. Wightkin, PharmD 
Peoria, Illinois 
11 September 1984 


(t. Abrams J. The brief saga of transdermal nitroglycerin 
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TRANSDERMAL NITROGLYCERIN 
PREPARATIONS 


In the 2 most recent issues of the AJC, the 
` lead articles have dealt with the efficacy of 
long: -acting transdermal nitroglycerin prep- 
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arations.^? Both groups of investigators 
concluded that these agents are initially ef- 
fective but that their efficacy is no longer 
present 24 hours after application. 'This 
conclusion challenges the data of other in- 
vestigators?4 and also conflicts with the ob- 
servations of numerous patients and physi- 
cians who have become convinced of their 
utility in clinical situations. Clearly, the as- 
sessment of antianginal medications is diffi- 
cult because of the subjective nature of this 
discomfort and the strong placebo effect that 
may be exerted by an agent which is applied 
to the skin. 

Reichek presents data on 14 patients in his 
study, although his statistical analysis only 
included 8 patients, since 5 patients were part 
of a different protocol which was designed to 
test an entirely different hypothesis. The 
documentation of actual coronary occlusive 
disease in his patient group is not well pre- 
sented, and from his data, it cannot be said 
with certainty that all patients tested had 
coronary occlusive disease. In addition, most 
patients were receiving -blocking drugs 
and/or calcium antagonists, and in the high- 
dose phase of the study the test group had a 
significantly higher level of performance in 
the control phase than did the placebo group. 
Thus, it would be far more difficult to dem- 
onstrate improvement in performance in the 
test group, because their capabilities were 
greater even before treatment. This disparity 
is additionally complicated by potential 
variability in the degree of В blockade and 
calcium antagonism that might be active in 
each group. 

Although Parker and Fung designed an 
excellent protocol for their study, they cu- 
riously chose to apply the transdermal ni- 
troglycerin preparation to the volar aspect of 
the forearm in 7 of their 11 patients rather 
than to the chest wall or deltoid prominence, 
as is the common practice. Specifically, pa- 
tients are instructed in the package insert not 
to apply the patches to the distal portions of 
the extremities,? because of extremely poor 
absorption through the relatively thick layers 
of dermis located in these areas.9 The choice 
of this inappropriate application site com- 
promises the efficacy of the system by re- 
stricting trandermal absorption, and thus, it 
is not surprising that submaximal perfor- 
mance of the patch was found. 

Large-scale, well-designed protocols to 
assess the transdermal nitroglycerin prepa- 
rations are required to resolve the existing 
conflict regarding their effectiveness. The 2 
recently published studies do little to illu- 
minate this situation. The work of Needle- 
тап, published in the early 1970s, con- 
cluded that the hepatic metabolism of oral 
nitrate preparations made them useless for 
the prophylaxis of angina. The use of oral 
nitrate preparations has dropped precipi- 


tously as a result of these publications, de- ' 


spite the clinical impressions of most physi- 
cians that they were effective. It was only 
after ненец! studies demonstrated in- 
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complete hepatic metabolism and the pres- 
ence of active metabolites that oral nitrate 
agents again regained popularity.?!9 With 
this historical perspective, it would be un- 
reasonable for physicians today to abandon 
transdermal nitroglycerin preparations on 
the basis of the small, imperfect studies 
completed at this time, particularly in light 
of the apparent efficacy that so many have 
observed. 
Jan Richard Weber, MD 
Philadelphia, Pennsylvania 
5 September 1984 
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rational pectoris therapy. J Pharmacol Exp Ther 
1972; 181:489-497. 

8. Needleman P. Oral nitrates: efficacious? Ann Intern 
Med 1973;78:458. 

9. Danahy DT, Burwell DT, Aronow WS, Prakash R. 
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38 1-387. 
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REPLY: Weber’s letter is notable for its 
testiness, confused logic and his inattentive 
reading of the reports addressed. He suggests 
that Parker’s results and ours conflict with 
those of other investigators. In fact, only 
Thompson has reported blinded 24-hour 
exercise data that conflict with our results. 
Additionally, numerous other reports con- 
firmatory with ours have been presented at 
recent meetings or are currently in press. He 
asserts that our results conflict with “obser- 
vations of numerous patients and physicians” 
that patches are useful. The reasoning behind 
his assertion is incorrect. A nitrate with some 
antianginal effects lasting up to 8 hours would 
clearly have some clinical usefulness. Since 
most effort angina occurs during daylight 
hours these preparations may well be useful 
in many patients. That is not the same as 
saying that they produce constant effects 
over 24 hours. Further, Parker’s data suggest 
that patch effects disappear with chronic 
administration if the patches are left in 
place continuously. Chronic efficacy with 
intermittent application remains to be 
examined. 

Weber is unhappy with our documentation 
of coronary artery disease. We have clearly 
indicated that each patient had either angi- 
ographic documentation of coronary artery 
disease or echocardiographic and/or thallium 
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scintigraphic evidence of reversible regional 
wall motion or perfusion defects. Such doc- 
umentation is certainly standard. His concern 
with respect to concomitant therapy is un- 
founded. We previously demonstrated that 
sensitivity to nitrate effect with this protocol 
is not altered by concomitant therapy. The 
same point is made by the sublingual nitro- 
glycerin results presented in these studies. 

The analogy Weber seeks to draw to 
Needleman’s work is ill-conceived. In fact, 
Needleman was correct to point out that, at 
the dosages then being used, oral nitrates 
were likely to be ineffective. The effectiveness 
of high-dose regimens was discovered sub- 
sequent to his work and probably would 
never have demonstrated that had he not 
elucidated the role of hepatic metabolism of 
nitrates. Finally, nowhere do we suggest that 
physicians should “abandon transdermal 
nitroglycerin preparations.” 

It would seem to me that if Weber found 
the articles cited *unilluminating," that the 
reason may be that he is unprepared to see 
the light. 

Nathaniel Reichek, MD 
Philadelphia, Pennsylvania 
28 September 1984 


REPLY: Weber has raised a number of 
questions relating to our study with trans- 
dermal nitroglycerin.! It has been suggested 
that nitroglycerin absorption may vary with 
the site of application of these devices. There 
are, however, no firm data to confirm this 
impression, and Armstrong and Moe? studied 
the arterial plasma concentration of nitro- 
glycerin after application of nitroglycerin 
ointment to various sites over the chest wall, 
flank and thigh. The absorption was similar 

` from these sites as assessed by hemodynamic 
response and the area under the curve of 
plasma nitroglycerin concentration. Although 
their study did not assess absorption from the 
forearm, it would be most unlikely that this 
would differ from the thigh if skin thickness 
was important in determining rate and extent 
of nitroglycerin absorption. The plasma 
concentrations observed in our study would 
not suggest differing absorption from the 
chest wall and the forearm. 

Our study showed relatively small and 
short-lived improvement in exercise tolerance 
after transdermal nitroglycerin application. 
It also showed no effect at 24 hours, except 
with the larger doses (45 mg of nitroglycerin) 
where minor improvement was noted. The 
most disturbing aspect of the study was the 
demonstration of tolerance to the antianginal 
effects after only 7 to 10 days of once-daily 
therapy. In this situation, treadmill walking 
time at 2, 4 and 24 hours after nitroglycerin 
application during sustained therapy was 
identical to that seen during a period of daily 
placebo application. This observation and the 
study with transdermal isosorbide dinitrate,’ 
which showed a similar phenomenon, cast 
serious doubts on the rationale of nitrate- 
delivery systems designed to provide 

` steady-state nitrate levels and 24-hour pro- 
tection. The demonstration that hemody- 
namic tolerance to oral nitrates is rapidly 
. induced and rapidly reversed during drug 
.. withdrawal suggests that intermittent ni- 
а, | trate eren with д of washout may be 





preferable to delivery systems designed to 


produce steady input of nitrates into the 
circulation. 

I agree that further studies are required to 
determine whether larger doses of transder- 
mal nitroglycerin would be effective for pe- 
riods of 24 hours. These studies must also 
address the question of whether such im- 
provement, if demonstrated during acute 
dosing, persists during sustained therapy. 


John O. Parker, MD 
Kingston, Ontario, Canada 
15 October 1984 


1. Parker JO, Fung H-L. Transdermal nitroglycerin in angina 
pectoris. Am J Cardiol 1984;54:47 1-476. 

2. Armstrong PW, Moe G. Influence of skin sites on bio- 
availability of nitroglycerin ointment in congestive heart 
failure (abstr). Presented at the Canadian Cardiovascular 
Meeting, October 1984. 

3. Parker JO, VanKoughnett KA, Fung H-L. Transdermal 
isosorbide dinitrate in angina pectoris. Effect of acute 
and sustained therapy. Am J Cardiol 1984,54:8- 13. 

4. Parker JO, Fung H-L, Ruggirello D, Stone JA. Tolerance 
to isosorbide dinitrate. Rate of development and reversal. 
Circulation 1983;68: 1074. 


MORE ON BAZETT’S FORMULA 


The Bazett formula is almost a half century 
old and was tested on a population which may 
not have been well enough characterized. 
Therefore, it may need reexamination. Sarma 
et al! proposed an exponential formula for 
the heart rate-QT relation that may be an 
improvement in dealing with this, at least in 
concept. Their article does not make clear to 
what extent their material can be generalized 
in practice, either for the particular formula 
(F1) favored or as a methodologic guide to 
others. 

I hope the authors address certain other 
aspects: (1) Apart from the small number of 
subjects in each group, it is difficult to equate 
exercise and pacing. (2) Ventricular pacing is 
not physiologic and adds increased QRS time 
to the absolute QT. (3) The rate range of 60 
to 180 beats/min is more likely to yield ex- 
ponential or other types of nonlinear regres- 
sion relations, whereas the common clinically 
encountered range, 50 to 110 beats/min, may 
give practically linear results. (4) The illus- 
trations show plots of exercise results aligned 
with those of pacing, each having a different 
range of values on the ordinate and the ab- 
scissa. (5) Different postures in exercise and 
pacing affect comparative regression slopes 
and intercepts differently. 

David H. Spodick, MD 
Worchester, Massachusetts 
July 26, 1984 


1. Sarma JSM, Sarma RJ, Bilitch M, Datz D, Song SL. An 
exponential formula for heart rate dependence of QT 
interval during exercise and cardiac pacing in humans: 
reevaluation of Bazett's formula. Am J Cardiol 1984; 
54:103- 108. 


REPLY: Our formula is probably most use- 
ful in evaluating the effects of drugs or other 
interventions on QT intervals rather than for 
correcting single measurements. The prac- 
tical applicability of this formula mainly de- 
pends on the ease with which one can esti- 
mate the 3 variables that characterize the 
RR-QT curve. Once the RR-QT variables are 
estimated under different conditions, one can 
talk in terms of characteristic shifts of the 
RR-QT curves instead of QT interval changes 
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at isolated heart fates We Па MERE е 
BASIC program to estimate these variables _ 
from a minimum of 3 RR-QT points; its s list- - d 
ing is available on request. Our program uses _ 
the well known Newton-Raphson recursion - 32 
algorithm, which can also be implemented on. 
most programmable calculators. e 

Following are our responses to the ohi nds 
issues raised by Spodick in the same num € 
order: (1) Our inferences regarding the d » 
ferences between the paced and exercised QT 18 
intervals are not likely to be affected bya _ 
larger sample size, in view of the robustness _ 
of the statistical tests we used and the fact. E 
that multiple data points were collected from _ 
each subject. (2) Our data show that the QT | 
intervals of subjects who underwent pacing © "s 
tend to be significantly longer than those of P S 
subjects who exercised at only higher heart _ 
rates. This cannot be attributed to the paced - 4 
QRS time which remained essentially un- _ 
changed with heart rate in all our subjects 4 
who underwent pacing. However, the fact . 
that our paced and exercised subjects belong — . 
to different age groups, while demonstrating 
the wider applicability of the exponential. 
formula, may impose unspecified imitatione 
on the comparisons between the exercised _ 
and paced RR-QT curves. (3) Although thal 
rate change of our paced subjects is only 50 to 
130 beats/min (Fig. 3B of text), we found — 
marked nonlinearity in the individual - ; 
RR-QT curves. (4) The illustrations in £^ 
question were computer-generated with au- _ 7 
tomatic scaling to fill the available space with _ N 
data points. The alignment of the illustra- - 
tions was also a consequence of our graphics 
software implementation. (5) We cannot be 
sure of the actual influence of posture on the 
RR-QT variables until a specific study is 
carried out to resolve that question. 


Radha J. Sarma, MD. 
Michael Bilitch, MD - | 
Darryl Katz, MD 
Susan L. Song, MD 3 
Los Angeles, California _ 
August 26, 1984 
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OCCLUSION TIME AND INFLATION EM 
PRESSURE IN PULMONARY _ 5: 
VALVULOPLASTY dit 


After the report by Kan et al,! detailing the 3 
use of polyethylene balloon catheters for ka 4 
relief of valvular pulmonic stenosis, several _ 
reports showing similar successful results _ 
have appeared. The valvuloplasty technique 
used has been somewhat variable, with in- 
flation pressure as high as 120 psi, valve oc- 
clusion duration as long as 10 seconds, and 
inflation-deflation cycles as long as 25 sec- _ < 
onds.?-4^ While patients appear to have tol- - by 
erated these pressures and times, marked - 
hemodynamic changes are common айе 
valvuloplasty, and several balloons have e 
ruptured at high inflation pressures. We have Э 
found that relatively low inflation pressures - 
and brief occlusion times have led to satis- _ b 
factory results. %4 
With an appropriate-size balloon posi- - 
tioned across the pulmonary valve, an in- 
dentation or waist, representing the narrowed 
valve orifice, can be seen soon after the ini- 9 
tiation of inflation. Further inflation venii A 
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in obliteration of Phu sus as Ae balloon as- 
` gumes its tubular shape with a uniform di- 
й ` ameter. Unlike the experience of Lababidi 
P and Wu,” we found that full inflation occurs 
A аб pressures of 30 to 45 psi in the larger bal- 
M ` loons (212 mm) and 45 to 75 psi in the 
- smaller balloons. Once the balloon is fully 
| | inflated fluoroscopically, no further thera- 
“9  peutic advantage is to be expected from ad- 
- ditional inflation pressure. Polyethylene 
M usd are specifically designed to maintain 
_ a uniform diameter over a wide range of 
| pressure. Exceeding the minimal pressure 
` required to obliterate the waist only increases 
E: the likelihood of balloon rupture. If addi- 
E. tional dilation is desired, a larger balloon 
i must be employed. 
` Once full inflation has been achieved, the 
` Vale has either torn or stretched to accom- 
modate the balloon. If a tear has occurred, 
` leaving the balloon inflated for 5 or 10 sec- 
б onds is unlikely to extend the tear. If 
· stretching has occurred, the valve will prob- 
` ably remain stretched regardless of the du- 
"mm ration of inflation. 
i. We use the lowest pressure required to 
| fully inflate the balloon, and begin deflation 
` immediately after the waist has been oblit- 
` erated. The entire inflation-deflation cycle 
has routinely required less than 10 seconds. 
| In 6 patients with valvular pulmonic stenosis 
. undergoing valvuloplasty, we have obtained 
. a gratifying reduction in gradient similar to 
that described in previous reports. The he- 
Д Уаш alterations after valvuloplasty 
` have been minimal. 
. The use of low pressures and very brief 
- inflation-deflation cycles appears to be ef- 
fective in pulmonary valvuloplasty, and 
should reduce the risk of complications as 
. well as minimizing the hemodynamic stress 
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. of the procedures. 
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Scott B. Yeager, MD 
R Morgantown, West Virginia 
; 19 August 1984 
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. .  neous balloon valvuloplasty: a new method for treating 

Congenital pulmonary valvular stenosis. N Engl J Med 
· 1982;307:540-542. 

ba 2. Labibidi A, Wu J-W. Percutaneous balloon valvuloplasty. 

E `` Am J Cardiol 1983;52:560-562. 

ia `3. Rocchini AP, Kueselis DA, Crowley D, Dick M, 

_ Rosenthal A. Percutaneous balloon valvuloplasty for 

. treatment of congenital pulmonary valvular stenosis in 

KC "children. JACC 1984;3:1005- 1012. 

ii 4. Pepine CJ, Gessner IM, Feldman RL. Percutaneous 
` balloon valvuloplasty for pulmonic valvular stenosis in 

Рі ` an adult. Am J Cardiol 1982;50:1442-1445. 
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uie CAROTID SINUS 

- HYPERSENSITIVITY: BENEFICIAL 
BE EFFECTS OF DUAL-CHAMBER 
Pss PACING 


1 We read with interest the extensive study of 

. Madigan et al,! in which they demonstrated 
P in 11 patients with carotid sinus (CS) hy- 
Й . persensitivity a significantly greater hemo- 

_ dynamic deterioration after CS stimulation 
а during УУТ pacing compared with DVI рас- 
_ ing. Despite the results of this study we can- 
` not accept the conclusion of the investigators 
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that ЖУДЕУ эл E (DVD pacing 
should be the recommended mode of pacing 
for all symptomatic patients with CS hy- 
persensitivity except for those with atrial 
fibrillation. 

We routinely carry out electrophysiologic 
studies, as described previously, in all 
symptomatic patients with CS hypersensi- 
tivity. This enables us to screen patients with 
the isolated or predominant cardioinhibitory 
form of CS hypersensitivity, patients with 
vasodepressor type and those with mixed 
form. In our experience? the cardioinhibitory 
type of CS hypersensitivity can be treated 
successfully with VVI pacing by setting the 
pacing rate well below patient’s sinus rate (in 
most cases pacing rate equals 50 per minute), 
thus not interfering with patient’s normal 
sinus rhythm. In these patients we observed 
by repeated Holter examinations that epi- 
sodes of “spontaneous CS stimulation" 
causing bradycardia and, hence, ventricular 
pacing, were rare and of short duration 
mostly unassociated with any symptoms. 
None of our 20 patients with electrophysio- 
logically proved cardioinhibitory form of CS 
hypersensitivity had syncope after implan- 
tation of VVI pacing systems during a mean 
follow-up period of 39.55 months. However, 
in patients with mixed form of CS hyper- 
sensitivity, pacing episodes by VVI mode 
during "spontaneous CS stimulation" may 
indeed be accompanied by a symptomatic 
blood presure and cardiac output decrease, 
thus justifying DVI pacing as recommended 
by Madigan et al. On the other hand, in pa- 
tients with vasodepressor type of CS hyper- 
sensitivity the decrease in blood pressure may 
be so profound that even dual-chamber pac- 
ing will not avoid symptoms. We suggest, 
therefore, that patients with CS hypersensi- 
tivity be screened for its various forms. In 
patients with the cardioinhibitory form of CS 
hypersensitivity, symptoms can be avoided 
by VVI pacing, using a low standby pacing 
rate, thus making implantation of more 
complex and expensive DVI pacing units, 
with shorter life span, superfluous in these 
cases. 


Dov Stryjer, MD 

Zwi Schlesinger, MD 
Zerifin, Israel 

19 August 1984 


1. Madigan NP, Falker GC, Curtis JJ, Reid J, Mueller KJ, 
Murphy TJ. Carotid sinus hypersensitivity: beneficial 
effects of dual-chamber pacing. Am J Cardiol 1984; 
53:1034- 1040. 

2. Stryjer D, Friedensohn A, Schlesinger Z. Carotid sinus 
hypersensitivity: diagnosis of vasodepressor type in the 
presence of cardioinhibitory type. PACE 1982;5: 
793-800. 

3. Schlesinger Z, Stryjer D, Friedensohn A. Long-term 
pacing in patients with carotid sinus syncope. In: Feruglio 
GA, ed. Cardiac Pacing. Padova: Piccin Medical Books, 
1982:545-549. 


PREVENTION OF DIMINISHED 
ACTIVITY OF GLYCERYL 
TRINITRATE BY USE OF AN 
AEROSOL 


Sublingual glyceryl trinitrate remains a major 
therapy for the rapid relief of angina pectoris. 
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However, A the dish of stabilizers"? 
it remains volatile and must be protected 
from light and extremes of heat, and the 
tablets must be stored in glass containers 
without cotton wool or other packing mate- 
rial.? A recent study has shown that signifi- 
cant loss of activity occurs as a result of poor 
patient compliance with storage instruc- 
tions. We evaluated the stability of an 
aerosol preparation that has been shown to 
be therapeutically effective.® 

Glyceryl trinitrate aerosol, manufactured 
in April 1979 (A) and March 1982, (B), was 
administered to 10 volunteers, mean age 25.8 
+ 2.9 years (+ standard deviation). Informed 
consent was obtained. The glycery] trinitrate 
was stored dissolved in an absorbable oily 
base in sealed pressured canisters and 0.4 mg 
was administered on to the buccal mucosa or 
sublingually. Each volunteer randomly re- 
ceived A, B or placebo in a double-blind 
fashion on 3 consecutive days. Heart rates 
were determined from electrocardiographic 
tracings and blood pressures were automat- 
ically measured by an Infrasonde electric 
blood pressure monitor (model D4000) in 
order to overcome intraobserver error. Three 
measurements were made at 2-minute in- 
tervals to establish a steady baseline before 
treatment. Repeat observations were made 
immediately after and at 2-minute intervals 
for 10 minutes, then at 5-minute intervals for 
the succeeding 20 minutes and 10-minute 
intervals for the final 30 minutes. 

Changes in heart rates and blood pressures 
were compared using paired t tests and areas 
under the heart rate-time curves were cal- 
culated by the trapezoidal rule. 

The average changes in heart rates pro- 
duced by each of the agents are as shown in 
Figure 1. Both aerosol A and B produced in- 
creases in heart rates, whereas this was not so 
with placebo. The differences between the 
changes in heart rates for both, compared 
with placebo, were consistently significant 
from 2 minutes and up to 20 minutes for A (p 
<0.01) and 15 minutes for B (p <0.01). Sig- 
nificant differences could still be demon- 
strated for both up to 40 minutes. The area 
under the heart rate-time curves for both, 
estimated from the time of drug adminis- 
tration for up to 15, 20, 30 and 40 minutes, did 
not show significant differences. Blood 
pressures did not change significantly with 
either active agent or placebo. Three subjects 
noted mild headache with aerosol A and 4 
with aerosol B, all within 10 minutes after 
administration. 

Glyceryl trinitrate, presented as an aerosol, 
has been shown to be effective? and thus 
presented it may obviate the problems of 
improper storage and instability which at- 
tend the use of glyceryl trinitrate tablets. In 
this study, aerosol manufactured in 1979 and 
1982 produced similar significant increases 
in heart rates. The areas under the heart 
rate-time curves for the aerosols A and B 
showed no significant differences although 
these were manufactured 3 years apart. The 
aerosol produced a measurable effect, similar 
to the response with fresh glyceryl trinitrate 
tablets*. Accordingly, it is suggested that the 
loss of therapeutic response found when 
glyceryl trinitrate is presented in tablet form 
can be overcome by the use of an aerosol 
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FIGURE 1. Mean increase (+ standard error 
of the mean) in heart rate of 10 volunteers at 
0, 2, 4, 6, 8, 10, 15, 20, 25, 30, 40, 50 and 60 
minutes after taking glyceryl trinitrate. The 
changes were compared to placebo at each 
point of measurement. 


which will provide similar rapid beneficial 
effects. 


K. K. Teo, MRCPI 

John Н. Horgan, FRCPI 
Dublin, Ireland 

3 August 1984 


1. Fusari SA. Nitroglycerin sublingual tablets. Il. Preparation 
and stability of a new, stabilized sublingual, moulded 
nitroglycerin tablet. J Pharm Sci 1973;62:2012-21. 

. 2. Goodhart FW, Gusluyildiz H, Daly RE, Chafetz L, 

FS. Stabilized compressed nitroglycerin tablets. 
` J Pharm Sci 1976;65:1466- 147 1. 

3. Burch GE, Pasquale NP. Fresh nitroglycerin (glyceryl 
trinitrate). Am Heart J 1966;72:842. 

4. O'Hanrahan M, McGarry K, Kelly JG, Horgan JH, 
O'Malley K. Diminished activity of glyceryl trinitrate. Br 
Med J 1982;284:1183-1186. 

5. Kimchi A, Lee G, Amsterdam E, Fuji |, Mason DT. In- 
creased exercise tolerance after nitroglycerin oral spray: 
a new and effective therapeutic modality in angina 
pectoris. Circulation 1983;67:124— 127. 


M-MODE ECHOCARIOGRAPHY FOR 
DIAGNOSIS OF ATRIAL FLUTTER 


I read the recent report by Goldbaum et al? 
concerning the use of M-mode echocardiog- 
raphy in the diagnosis of atrial flutter. This 
method is of particular great value in the 
study of fetal arrhythmias, because fetal 
electrocardiograms (ECGs) obtained with 
electrodes attached to the mother's abdomen 
fail to clearly identify the fetal P waves. Al- 
, though ECGs obtained with scalp electrodes? 

provide good quality tracings, they can only 
` be performed during labor after rupture of 
membranes. Thus, we have successfully used 
real time directed M-mode echocardiography 
in the prenatal diagnosis of fetal arrhyth- 
Ё miae and have found it superior to the sur- 









ЖЕ A PIRE ҮТҮ 
CHANGE IN HEART RATE 
beats / minutes 

15 












10 


20 
Minutes 


face ECG in the prenatal analysis of rhythm 

disturbances other than atrial flutter. This 

echocardiographic method is therefore not 

limited to the examination of the adult 

patient, but is probably more useful in 

the evaluation of the patient within the 
patient. 

Edward G. Abinader, MD 

Haifa, Israel 

9 January 1985 


1. Goldbaum TS, Goldstein SA, Lindsay J. Subcostal M- 
mode echocardiography of atrial septum for diagnosis 
of atrial flutter. Am J Cardiol 1984;54:1143-1145. 

2. Abinader EG, Klein A, Eibschitz |, Zilberman A, Pez- 
eshk B, Sharf M. The significance of fetal electrocar- 
diography in the diagnosis of intrauterine bradyarrhyth- 
mia. Am J Obstet Gynecol 1976; 126:266-270. 

3. Shapiro І, Sharf M, Abinader EG. Prenatal diagnosis of 
fetal arrhythmias: a new echocardiographic technique. 
J Clin Ultrasound 1984; 12:369-372. 


ANALYSIS OF RISK FACTORS FOR 
SUDDEN DEATH AFTER ACUTE 
MYOCARDIAL INFARCTION 


The Multicenter Investigation of the Limi- 
tation of Infarct Size Study Group (MILIS)! 
recently reported an analysis showing that 
ventricular premature complexes (VPCs) are 
risk factors for sudden death in patients after 
myocardial infarction independent of left 
ventricular (LV) ejection fraction (EF) and 
other patient characteristics. The investiga- 
tors used dichotomous values for both LVEF 
(i.e. <0.40 vs >0.40) and VPC frequency (i.e., 
>10/hour vs <10/hour) rather than analyzing 
them as continuous variables (as they did 
with age). 

The result of dichotomizing a continuous 
variable (such as LVEF or VPC frequency) 
in an analysis has implications that may not 
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be evident to clinicians. For example, the 
MILIS study forces an LVEF of 10% and 39% ~ 

to have the same prognostic importance, 
whereas LVEFs of 39% and 41% are allowed 

to represent major differences in prognosis. 

A clinician would reject these assumptions, _ 
which are implicit in the use of LVEF di- 
chotomized at 40%. 

Evidence that the range of LVEF values 
<40% is extremely important clinically and 
prognostically can be found in the Multi- 
center Postinfarction Research Group Te 
port. The 1-year mortality rate for patients 
after myocardial infarction with an LVEF 
between 0.20 and 0.39 was 12%, but for pa- — 
tients with an LVEF <0.20 it was 47% (Fig. [з 
1 in Ref. 2). Although this study also pes Уб 
dichotomous variables in its analysis, the data _ Ё 
clearly show that the relation between LVEF 3 
and mortality is such that no single value of |. 
LVEF can be found that separates patients. 
after myocardial infarction into 2 strata, each 
with a relatively homogeneous prognosis. — | 

Two potential problems may arise in an _ 
analysis when a continuous variable is di- 
chotomized. First, dichotomization may _ 
waste prognostic information, thereby un- 
derestimating the importance of the variable - 
relative to the outcome event. Second, the _ 
apparent prognostic importance of other _ 
variables іп a multivariable analysis may be - 
affected by the use of a continuous variable 
in a binary form. In the MILIS study (and the _ 
Multicenter Postinfarction study), a major — 
objective was to determine the prognostic 
importance of VPC frequency independent 
of the effects of LVEF. We suggest that fail- _ 
ure to adjust appropriately for the con-. 
founding influence of LVEF (i.e., by not using Я 
it in the analysis as a continuous variable) Я 
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may have led the MILIS investigators to а 
biased appraisal of the relative importance of 
VPCs and ventricular function. 

Clinicians sometimes urge statisticians to 
dichotomize continuous variables (such as 
LVEF and VPC frequency) because of the 
ease of remembering and applying the results 


- of such an analysis. We believe it is extremely 


important that the full implications of an 


: . analysis performed in this fashion be under- 


` stood. We do not quarrel with the use of di- 


chotomized variables for illustrative pur- 


— poses. The main analysis of a study involving 


` multiple correlated variables, however, 
"should evaluate the maximal amount of 
- prognostic information available from each 


. variable. 


"UG. ҮЧЕ; GF 


Frank E. Harrell, Jr., PhD 
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MULTICENTER LOW-DOSE 

AMIODARONE TRIAL FOR 

"SEVERE" VENTRICULAR 

- ARRHYTHMIAS 

The recent study on amiodarone! purports to 
evaluate the clinical efficacy of a low-dose 
amiodarone regimen for the treatment of 
“severe” ventricular arrhythmias. A defi- 
ciency of the report is that the descriptions of 
the diseases and the arrhythmias are inade- 


3 . quate to assess their true severity. As dis- 


cussed by Bigger,” an evaluation of left ven- 


tricular function on a case by case basis and 


an indication of the presence or absence of 
symptoms of hemodynamic compromise 


_ during the arrhythmias are necessary for as- 


sessing the “malignancy” of the arrhythmias. 
In fact, from the limited data provided, one 
could question whether some of the patients 


` Should be treated in 1984 and thus do not 


qualify as having severe ventricular ar- 


-~ rhythmias. Without these data, comparison 


of the results of this study with previously | 


reported series and application of the data to 
individual patients is not justified. The issue 
of being able to extrapolate the data to indi- 
vidual patients is of particular relevance in 
the U.S.A. where many amiodarone studies 
have been directed at patients with sustained, 
symptomatic ventricular tachycardia or 
ventricular fibrillation? Much higher loading 
doses have been used to achieve arrhythmia 
suppression more quickly than the 4-week 
evaluation interval used in this study.?* A 
4-week wait for antiarrhythmic effect to be 
evaluated is clearly unacceptable in patients 
with truly malignant arrhythmias, as is a less 
than 70% success rate. (They reported a 73% 
success rate, but the exclusion from the 
nonresponder classification of patients who 
died from ventricular fibrillation we consider 
inappropriate.) Thus, we urge caution in 
applying the conclusions of this study to the 
therapy of truly severe arrhythmias. 

In addition, the failure to obtain a corre- 
lation between serum concentration and 
clinical efficacy may be a function of the low 
doses used and resultant low serum concen- 
trations achieved in all patients rather than 
a lack of correlation of efficacy with serum 
concentrations when examined over a larger 
range of doses. Recently we reported that 
during chronic amiodarone therapy improved 
arrhythmia suppression will occur with serum 
amiodarone concentrations greater than 1.5 
to 2.0 g/ml.^ Thus, the lack of correlation 
between serum concentration and clinical 
effect in the present study can be interpreted 
to mean that many of the patients were given 
inadequate doses rather than the stated 
conclusion that no correlation of serum con- 
centration and clinical effect exists. 

Nelson D. Mostow, MD 
Thomas R. Vrobel, MD 
Louis Rakita, MD 
Cleveland, Ohio 

29 August 1984 
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INTRAVENOUS BETA BLOCKADE 
IN ACUTE MYOCARDIAL 
INFARCTION 


In our view, the results of the Góteborg me- 
toprolol trial, as reported in a recent supple- 
ment of the AJC,! do not show that patients 
with acute myocardial infarction (MI) had 
better survival when treated with intravenous 
(i.v.) 8 blockade. Although survival was bet- 
ter for the entire treatment group, the 
subgroup with chest pain and positive elec- 
trocardiographic changes at randomization 
(42% of total), probably nearly exclusively 
composed of patients with acute MI, had 
identical survival for both treated and control 
patients. In contrast, the subgroup with chest 
pain but without positive electrocardio- 
graphic changes at entry (45% of total), 
probably including many patients with un- 
stable or preinfarction angina, had a signifi- 
cantly better survival for treated patients.! 
This difference accounts for the “beneficial 
effect" of the study as a whole. We suggest 
that the beneficial effect was not due to an 
additional benefit of i.v. 8 blockade over 
standard care. Rather, because only 796 of 
control patients received oral 6 blockers 
during the initial hospitalization,? it may 
have been due to the detrimental effect of 
withholding oral 6 blockers from control 
patients with unstable angina. Since the 
Göteborg trial did not compare i.v. 8 block- 
ade to more standard oral 6 blockade, we 
believe the common practice of giving oral 8 
blockers to patients with threatened MI 
should not be altered. Also, because the trial 
did not show improved survival in the 
subgroup of patients most likely having acute 
MI, we believe that it does not support the 
use of В blockers by any route in such 
patients. 
Andrew S. Jacob, MD 
Joseph Lindsay Jr., MD 
Washington, DC 
29 August 1984 
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What is Rheumatology: A Primary Care Approach? 

€ a succinct (approx. 450 pp.) yet comprehensive presentation of the latest tech- 
niques in diagnosis and therapeutic interventions of most use to the primary 
care physician 

€ a practical “how-to” desk reference to a difficult but common disease affecting 
over 35 million patients in the U.S. alone 

€ а book meant to be used regularly, not read once and stored away on a library 
shelf 

© the primary care physicians' answer to the huge, weighty tomes on Rheumatol- 
оду which offer too little on diagnosis and treatment and too much on etiology 
and mechanisms of disease 


Abbreviated Table of Contents 





Section 1 [Investigative Techniques 
Section 2 Patterns 
Section 3 Management 


*This compact, well-designed and generally informative volume is a useful refer- 

ence for the management of rheumatic disease by physicians who deliver primary 

care. The family physician will undoubtedly use this frequently as a reference." 
Charles M. Plotz, MD American Family Physician 


*This book is a good primer for students, residents, and health professionals who 
would like a glimpse into rheumatology. It can be recommended for all but the 
specialist (but perhaps the specialist should read it, too, to see what those he is 
training are learning). " 


George E. Ehrlich, MD JAMA September '83 


This is a superb text by a sensitive, concerned, organized author of international 
repute . . . Each chapter is well outlined, concise, practical, and has a current and 
appropriate bibliography at the end. . . a skillfully structured text which is a qual- 
ity contribution . . . a very readable text.” 

John A. Feagin, Jr., MD Military Medicine March '83 
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NITROSTAT® 
(nitroglycerin rablers, USP) 


Before prescribing, please see 
full prescribing information. 
A Brief Summary follows: 


INDICATIONS 

Nirroglycerin is indicated for rhe prophylaxis, 
treatment and management of patients 
with angina pectoris 


CONTRAINDICATIONS 

Sublingual nitroglycerin rheropy is contra- 
indicared in parienrs with early myocardial 
infarction, severe anemia, increased intra- 
cranial pressure, and those wirh a known 
hypersensitivity ro nitroglycerin. 


PRECAUTIONS 

Only rhe smallest dose required for effec- 
rive relief of rhe acure anginal arrack 
should be used. Excessive use may lead то 
rhe development of tolerance. Nirrosrar 
roblers are intended for sublingual or buc 
cal adminisrrarion and should nor be swal- 
lowed. The drug should be disconrinued 

if blurring of vision or drying of rhe mourh 
occurs. Excessive dosage of nitroglycerin 
may produce severe headaches. 


ADVERSE REACTIONS 

Transient headache may occur immedi- 
ately after use. Vertigo, weakness, palpita- 
rion, and orher manifesrarions of posrural 
hyporension may develop occasionally, 
particularly in erect, immobile parients. 
Syncope due ro nitrate vasodilation has 
been reported. Alcohol may accenruare 
the cerebral ischemia symproms. 


METHOD OF ADMINISTRATION 

One rabler should be dissolved under rhe 
rongue or in rhe buccal pouch ar the first 
sign of an осите anginal attack. The dose 
may be repeared approximarely every five 
minures until relief is obtained. Nirrosrar 
may be used prophylacrically five ro ren 
minutes prior ro engaging in acriviries 
which mighr precipirare an acure arrack. 


HOW SUPPLIED 

Nitrosrar is supplied in four strengths in 
borrles containing 100 rablers each, with 
color-coded labels, and in color-coded 
Parienr Convenience Packages of four 
borrles of 25 rablers each. 


0.15 mg (1/400 grain): 
N 0071-0568-24 — Dorrle of 100 rablers; 
N 0071-0568-13— Convenience Package. 


0.3 mg (1/200 grain): 
N 0071-0569-24—Borrle of 100 roblers; 
N 0071-056943— Convenience Package. 


0.4 mg (1/150 grain): 
N 0071-0570-24 — Dortle of 100 rablers; 
N 0071-057043— Convenience Package. 


0.6 mg (1/100 grain): 
N 0071-0571-24 — Dorrle of 100 rablers; 


N 0071-0571-13— Convenience Package. 
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Just Бу NITROSIAT roo, has built-in prorection— 
ProrechiGn 90010501655 OF Mitroglycerin. In fact, NITROSTAT is more 
stable than conventional nitroglycerin tablets under all conditions 

of temperature and humidity rested. 

Dur thar's not all. Average assay still shows better than 100% of label 
claim for ar least 60 months after manufacture of NITROSTAT Because 
of this stability NITROSTAT has a five-year expiration даге* | 

What's more, only NITROSTAT Tablets are available in convenient 
packages of 4 x 25 rablets. So emergency angina relief can be ready 
when needed in four different locations. “Because of its rapid action, 
long-established efficacy and low cost, nitroglycerin is the most useful 
drug among the organic nitrares that can be given sublingually"' 
NITROSTAT. .. useful alone or as concomitant therapy with long-acting 
nitrates or propranolol. 


"Five-year expiration dare when srored ar recommended storage condirions in an unopened borrle 
Dara on file, Medical Affairs Depr, Porke-Dovis 


REFERENCE. 1. Needleman P Johnson EM Jr. Vasodilators and the trearment of angina, in Gilman AG, Goodman LS, Gilman A (eds) 
Goodman and Gilman's The Pharmacological Basis of Therapeutics ed 6 New York, Macmillan Publishing Co, Inc. 1980, pp 819-833 
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Enhances the value of oral procainamide 
for selected cardiac dusrhuthmias 


With modern sustained-release Procan SR, short duration of effect 


no longer impedes the usefulness of procainamide for maintenance therapy. 


A standard medication now assumes greater importance, both in terms of 
convenience and patient compliance. 


Administered half as often as conventional oral procainamide 
Wide versatility in cardiac conditions 
Can be used concomitantly with digoxin 
Ideal maintenance therapy 


A . Procan SR... 
the original sustained-release oral procainamide 
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с!еаг pone (ANA) test with or without symptoms of lupus erythema- 
syndrome. If a positive ANA titer develops, the benefit/risk ratio related to 
: j procainamide therapy should be assessed. This may necessitate consid- 
of alte ative antiarrhythmic therapy. 


г г contractions, ventricular tachycardia, atrial fibrillation, and paroxysmal atrial 
‘dia 
Asma 

RAINDICATIONS: Hypersensitivity to procainamide is an absolute contraindication. 

5 connection, Sh fg а - to procaine and related drugs must be borne in mind. 


D ock. dt is also RE a in cases of second degree and third degree A-V 
block unless an electrical pacemaker is operative. 
been suggested that procainamide be contraindicated in patients with myasthe- 


| IGS Ч : Granulocytopenia may follow the use of procainamide, and deaths from sep- 
а ve occurred. Leukocyte changes are most likely to occur during the first three 
ıS of therapy. During this time routine blood counts should be done at least every two 
a end thereafter at longer intervals throughout maintenance procainamide therapy. 
plaints of malaise and aches (a flu-type syndrome) are often reported in association 
the granulocyte depression. 
Patients should be instructed to report such symptoms promptly, as well as any sore- 
f mouth, throat or gums, unexplained fever, or symptoms of an upper respiratory 
lection. If these should occur and a complete blood count indicates a granulocyte 
25 sion, procainamide therapy should be discontinued immediately and appropriate 
ent instituted. Recovery of leukocyte count usually occurs within a few weeks. 


: General—During administration of the drug. evidence of untoward 
jo :ardial responses should be carefully watched for in all patients. In the presence of an 
ormal myocardium, procainamide may at times produce untoward responses. In atrial 
рп! lation or flutter, the ventricular rate may increase suddenly as the atrial rate is slowed. 
equate digitalization reduces, but does not abolish, this danger. If myocardial damage 
ts, ventricular tachysystole is particularly hazardous. Correction of atrial fibrillation, 
resultant forceful contractions of the atrium, may cause a dislodgement of mural 
'ombi and produce an embolic episode. However, it has been suggested that, in a 
nt who is already discharging emboli, procainamide is more likely to stop than to 
ravate the process. 
n npts to adjust the heart rate in a patient who has developed ventricular tachycardia 
occlusive coronary episode should be carried out with extreme caution. Caution 
i SC required i in marked disturbances of atrioventricular conduction such as A-V block, 
: E s le bran ch block, or severe digitalis intoxication, where the use of procainamide may 
E yl in additional depression of conduction and ventricular asystole or fibrillation. 
Be сун patients with severe organic heart disease and ventricular tachycardia may 
have complete heart block, which is difficult to diagnose under these circumstances, 
| complication should always be kept in mind when treating ventricular arrhythmias with 
:ainamide. If the ventricular rate is significantly slowed by procainamide without attain- 
ER regular atrioventricular conduction, the drug should be stopped and the patient 
since asystole may result under these circumstances. 
atients receiving normal dosage, but who have both liver and kidney disease, symp- 
15 of overdosage (principally ventricular tachycardia and severe hypotension) may 
ur due to drug accumulation. 
rious hypotension can result from peripheral vasodilation and from decreases in car- 


x sympathetic response to its hypotensive effect. Large doses may increase cardiac 
aticity and can induce complete atrioventricular block, cardiac standstill, or ventric- 
drasystoles that may proceed to pei =o fibrillation, These effects on the myocar- 


S pv. some decrease i in hg 

uclear antibodies (ANA) are often found їп patients receiving long-term pro- 
amide therapy. The induction of ANA appears to be independent of dosage. Patients 
procainamide-induced increases in ANA titers may develop a syndrome resembling 
с с lupus erythematosus (SLE). The mechanism of this syndrome is uncertain. 
hralgia, arthritic symptoms, and pleuritic pain are common symptoms; to a lesser 
fever, myalgia, skin lesions, pleural effusion, pericarditis, headache, fatique, weak- 
ote and abdominal pain may occur. Rare cases of thrombocytopenia, Coombs’ 
ve hemolytic anemia, increased SGOT, SGPT, and serum amylase have been 
ed which may be related to this SLE-like syndrome. 

recommended that tests for systemic lupus erythematosus be carried out at regular 
vals in patients receiving maintenance procainamide therapy. The drug should be dis- 
inued if there is a rising ANA titer or clinical symptoms of SLE appear. The SLE-like syn- 
may be reversible upon discontinuation of the drug. If discontinuation does not 
remission of the symptoms, corticosteroid therapy may be effective. If the SLE-like 
ome develops in a patient with recurrent life-threatening arrhythmias not controllable 
ther antiarrhythmic agents, corticosteroid suppressive therapy may be used concom- 
ly with procainamide. 

rmation for Patient—Practitioners should give the following information and instruc- 
to patients receiving Procan SR. 

М. 1, Do not crush or chew these tablets. Swallow them whole. 

зы this medicine exactly as directed by your doctor. Do not miss any doses and do 
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5. Do not be concerned if уй occasionally notice in your stool something that looks like — 
atablet. In Procan SR (procainamide hydrochloride tablets), the drug is ‘held’ in a wax core 
that has been specially designed to slowly release the drug for your body to absorb. When 
this process is completed the empty, nonabsorbable wax core, which looks nearly 
unchanged, is eliminated from your body. 

6. Keep container tightly closed and store in a cool, dry place. 

Laboratory Tests—Patients receiving procainamide for extended periods of time, or in 
whom symptoms suggestive of a lupus-like reaction appear, should have antinuclear anti- 
body titers measured at regular intervals. 

Routine blood counts are advisable during maintenance procainamide therapy. See 
WARNINGS for additional information. 

Plasma concentrations of procainamide and NAPA should be monitored in patients with 
renal disease, hepatic disease, cardiac failure, or low cardiac output states. 

Drug Interactions 

1. Antiarrhythmics: Concurrent use with procainamide may result in additive cardiac 
effects and/or additive toxic effects. 

2. Anticholinergics: Procainamide enhances the anticholinergic effects. Extreme cau- 
tion must be exercised with such a combination. 

3. Anticholinesterases: Procainamide antagonizes the effect of anticholinesterases in 
myasthenia gravis, and paralysis returns. 

4. Antihypertensives: Procainamide may potentiate the hypotensive effects of thiazide 
diuretics and other antihypertensive agents. Adjustment of dosage may be required. 

5. Cimetidine: It has been reported that the histamine Ho-antagonist cimetidine reduces 
renal clearance of procainamide and NAPA, resulting in higher plasma concentrations for 
longer durations. Caution should be exercised when administering these drugs concur- 
rently, especially in the elderly, who have a reduced ability to clear all three. Dosage modifi- 
cation may be required. 

6. Neuromuscular Blocking Agents: Procainamide potentiates the effects of skeletal 
muscle relaxants such as succinylcholine. It also may enhance or prolong the neuromus- 
cular blocking activity of bacitracin, colistimethate, dihydrostreptomycin, gentamicin, 
gramicidin, kanamycin, neomycin, polymyxin B. streptomycin, and viomycin, producing 
respiratory depression. 

Pregnancy —Pregnancy Category C. Animal reproduction studies have not been con- 
ducted with procainamide. It is also not known whether procainamide can cause fetal 
harm when administered to a pregnant woman or can affect reproduction capacity. Pro- 
cainamide should be given to a pregnant woman only if clearly needed. 

Nursing Mothers — 1! is not known whether this drug is excreted in human milk. Because 
many drugs are excreted in human milk, caution should be exercised when procainamide 
is administered to a nursing woman. 

ADVERSE REACTIONS: Most frequent, especially with large oral doses: 

1. Anorexia 2. Nausea 3. Vomiting 4. Diarrhea 5 Urticaria 6. Pruritus. 

Less frequent: 1. Reactions in patients on long-term procainamide therapy: a. Antinuclear 
antibodies (ANA) b. Syndrome resembling systemic lupus erythematosus (SLE) (See 
PRECAUTIONS). 

2. Hypersensitivity reactions: a. Angioneurotic edema b. Maculopapular rash c. Fever 
d. Eosinophilia e. Hypergammaglobulinemia. ja 
Infrequent: 1. Granulocytopenia, sometimes resulting in death (See WARNINGS) 2. Con- 
vulsions 3. Psychosis with hallucinations 4. Confusion 5. Mental depression 6. Giddiness 
7. Lightheadedness 8. Weakness 9. Bitter taste. 

Rare: 1. Hypotension 2. A case was reported with fever and chills plus nausea, vomiting, 
abdominal pain, acute hepatomegaly, and a rise in serum glutamic oxaloacetic trans- 
aminase following a single dose of the drug. 

OVERDOSAGE: Signs and symptoms of overdosage of procainamide include severe 
hypotension, ventricular fibrillation, widening of the QRS complex, junctional tachycardia, - 
intraventricular conduction delay, oliguria, lethargy, confusion, nausea. and vomiting. 

If ingestion is recent, gastric lavage or emesis may reduce absorption. Dopamine, 
phenylephrine or levarterenol may be helpful in reversing severe hypotensive responses. __ 

Management of overdosage includes symptomatic treatment with ECG and blood pres- _ 
sure monitoring. Procainamide toxicity can usually be treated, if necessary, by administer- 
ing vasopressors after adequate fluid volume replacement. Intravenous infusion of 16 
molar sodium lactate injection reportedly reduces the cardiotoxic effects of procainamide. 

The urinary elimination of procainamide is proportional to the glomerular filtration rate 
but is also affected by changes in urinary pH. Procainamide is relatively lipid-soluble as a 
free base, but the ionized form is not. Acid urine, therefore, leads to ion trapping of pro- 
cainamide which enters the urine by passive diffusion from the plasma. Accordingly, renal 
clearance of procainamide can be considerably increased by maintaining a low urinary 
pH and high flow rates. 

If procainamide toxicity causes severe hypotension and renal insufficiency, urinary elim- 
ination of procainamide and NAPA is decreased, and hemodialysis may be required. 
Hemodialysis significantly reduces the serum half-life of procainamide, and effectively 
removes procainamide and NAPA. Peritoneal dialysis is not effective. 

It has been reported that one patient who ingested approximately 7 grams of pro- 
cainamide hydrochloride recovered after treatment consisting of IV levarterenol, IV furo- 
semide, attempted volume expansion with albumin, and hemodialysis. Also reported is the 
case of an elderly patient who recovered atter ingestion of approximately 19 grams of pro- 
cainamide hydrochloride. The patient was treated with IV isoproterenol and IV epineph- 
rine. The latter report suggested that insertion of a ventricular pacing electrode is a 
reasonable precautionary measure in case high grade A-V block develops. 


Storage Conditions—Protect from moisture. Store bottles below 30° C (86° F). Store 


9t take more medicine than ordered. Do not stop taking this medicine without first check- unit-dose packages at controlled room temperature, 15°-30° C (59°-86°F). 02076012 
ing ng with your doctor. Caution: Federal law prohibits dispensing without prescription. 
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WORK IN 
PROGRESS 


from a university collaboration with 
* Smith Kline & French Laboratories 


a leader in cardiovascular research 


Calcified atherosclerotic plaques (arrow) are visible in 
branches of the left anterior descending artery (LAD) in this 
infrared photograph of a transilluminated cleared human 
heart. The epicardial fat appears blue or green, the atria and 
right ventricular wall appear yellow and the left ventricular 
myocardium is seen as red. 


This extraordinary photographic technique enables 
investigators to study atherosclerotic plaque without 
opening or dissecting the vessels. 
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Left: Artists conception of a healthy 
myocardial cell bordered by 
electrophysiologically destabilizing 
ischemic myocardium. 

Right: Stabilized myocardium. 
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Working to 

Control Arrhythmias 
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Stable plasma levels: a factor in maintaining 
stable cardiac rhythm 
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Easy-to-remember q12h dosage* promotes compliance 
Fewer GI side effects than quinidine sulfate’ 


*Some patients may require more frequent (TID) dosing. 'Podrid PJ: Patient Care 1981;15:100-132. 
Please turn page for brief summary of prescribing information. 








Y 
R^ Ip 
"T A- éY 


pO? 


ж 


RIPIENI E] 
- ^P 1+ 


TEM 
م‎ » 


eS Te 


тн 
* 


E 
r 
| 


g 4 
- Dura-Tabs are indicated in the prevention and/or treatment of: 
14. Ventricular 


-anticoagulants 
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arrhythmias: Premalure ventricula 
ventricular beth peg when not associated with complete neartbiock} 


. 2. Junctional (nodal) arrhythmias: A-V junctional premature сот. 


plexes. paroxysmal junctional tactiycardia 3. Supraventricular (atrial) 


ан. Premature alrial contractions, paroxysmal atrial tachycardia, 


atrial flutter, atrial fibrillation (chronic and paroxysmal), 
CONTRAINDI $: 1. Idiosyncrasy or hypersensitivity to quinidine. 
2. Complete A-V block. 3. Complete bundle branch block or other severe 


_ intraventricular conduction defects, especially those exhibiting a marked 


grade of QRS widening. 4. Digitalis intoxication manifested by A-V 
conduction disorders. 5. Myasthenia gravis. 6. Aberrant impulses and 


abnormal rhythms due lo escape mechanisms 


WARNINGS: 1 In the treatment of atrial flutter. reversion to sinus rhythm 
may be preceded by a progressive reduction inthe degree of А-У block to a 
11 ralio resulting in an extremely rapid ventricular rate. This possible 
hazard may be reduced by digitalization prior to administration of quinidine 
2 Recent reports indicate that plasma concentrations of digoxin increase 


and may even double when quinidine is administered concurrently Patients 


on concomitant therapy should be carefully mónilored. Reduction of 
digoxin dosage may have lo be considered 

3. Manifestations of quinidine cardiotoxicity such as excessive prolonga- 
lion of the Q-T interval, widening of the ORS complex and ventricular 
lachyarrhythmias mandate immediate discontinuation of the drug and/or 
stose clinical and electrocardiographic monitoring 

4. In susceptible individuals, such as those with marginally compensated 
cardiovascular disease, quinidine may produce clinically important depres- 


~ sion of cardiac function such as hypotension, bradycardia, or heartblock 
` Quinidine therapy should be carefully monitored in such individuals 
- 5. Quinidine should be used with extreme caution in patients with incom- 
plete A-V block since complete block and asystole may be produced 


uinidine may cause abnormalities of cardiac rhythm in digitalized patients 
and therefore should be used with caution in the presence of digilalis 


| ` intoxication. 6. Quinidine should be used with caution in patients 
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accumulation of quinidine in plasma leading to toxicity 

7 Patients taking quinidine occasionally have syncopal episodes which 
usually result from ventricular tachycardia or fibrillation. This syndrome 


has not been shown to be related to dose or plasma levels. Syncopal 
episodes frequently terminate spontaneously or in response to treatment, 
bul sometimes are fatal. 
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quinidine hypersensitivity have been reported in patients taking quinidine 
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early Stages of therapy, warrant consideration of possible hepatotoxicity 
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` 0! toxicil 
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quinidine sulfate may be administered to determine if the patient has an 

lo quinidine. Hypersensitivity to quinidine, although rare‏ ا 
should constantly be considered. especially during the first weeks of therapy‏ 
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Value of Preexisting Bundle Branch Block in the Electrocar- 
diographic Differentiation of Supraventricular from Ventricular 
Origin of Wide QRS Tachycardia. John Dongas, Michael Н. 
Lehmann, Rehan Mahmud, Stephen Denker, Joginder Soni, and 
Masood Akhtar | 


SYSTEMIC HYPERTENSION 


immediate Hemodynamic Effects of Urapidil in Patients with : 
Essential Hypertension. Isaac Kobrin, Celso Amodeo, Hector 
O. Ventura, Franz H. Messerli, and Edward D. Frohlich 29 
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CONGESTIVE HEART FAILURE 


Acute Dose Range Study of Milrinone in Congestive Heart { 
Failure. Spencer Н. Kubo, Robert J. Cody, Kanu Chatterjee, ` 
Charles Simonton, Howard Rutman, and Daniel Leonard =| 


VALVULAR HEART DISEASE 


Long-Term Results of Open Mitral Valve Reconstruction for 
Mitral Stenosis. Lawrence Н. Cohn, Elizabeth N. Allred, Leslie _ 
A. Cohn, Verdi J. Disesa, Richard J. Shemin, and John J. Collins, _ 
Jr. 


Results of Valve Reconstruction for Mitral Regurgitation Sec- _ 
ondary to Mitral Valve Prolapse. Patricia A. Penkoske, F. ho È 
Ellis, Jr., Sidney Alexander, and Elton Watkins, Jr. 


Relation of Mitral Valve Prolapse to Left Ventricular Size in 
Marfan’s Syndrome. Sandra Dorsey Lima, Joao A.C. Lima, Reed _ 
E. Pyeritz, and James L. Weiss | 


Case-Control Analysis of Risk Factors for Presence of Aortic 
Stenosis in Adults Age 50 Years or Older. Peter M. Hoagland, _ 
E. Francis Cook, Margaret Flatley, Craig Walker, and Lee | 
Goldman 


IM 


CARDIOMYOPATHY 


Multifactorial Determinants of Reduced Coronary Flow Reserve 
After Dipyridamole in Dilated Cardiomyopathy. Alain Nitenberg, 
Jean-Marc Foult, Francoise Blanchet, and Samir Zouioueche 


T-Lymphocyte Subsets in Idiopathic Dilated Cardiomyopathy. 
John E. Sanderson, Davy Koech, David Iha, and Hillary P. 
Ojiambo 


CONGENITAL HEART DISEASE 


Accuracy of Prospective Two-Dimensional Echocardiographic б 
Evaluation of Left Ventricular Outflow Tract in Complete 
Transposition of the Great Arteries. Alvin J. Chin, Scott B. - 
Yeager, Stephen P. Sanders, Roberta G. Williams, Fredrick Z. 

Bierman, Bruno M. Burger, William |. Norwood, and Aldo R. - 
Castaneda 
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` Anomalous Origin of the Left M. 





Right Sinus of Valsalva. Demetrios Kimbiris 


Anomalous Origin of the Left Main Coronary Artery from the 
Right Anterior Aortic Sinus: Angiographic Definition of Anom- 
alous Course. Tatsuo Ishikawa and Peter W.T. Brandt 


Small Left Atrium and Change in Contour of the Ventricular 
Septum in Total Anomalous Pulmonary Venous Connection: 
A Morphometric Analysis of 22 Infant Hearts. Glenn C. Rosen- 
quist, Joseph L. Kelly, Roma Chandra, Roger N. Ruckman, Frank 
M. Galioto, Frank M. Midgley, and Lewis P. Scott 


MISCELLANEOUS TOPICS 


Effect of Weight Loss on Cardiac Chamber Size, Wall Thickness 
and Left Ventricular Function in Morbid Obesity. Martin A. 
Alpert, Boyd E. Terry, and Diana L. Kelly 


Mitral and Tricuspid Valve Anular Diameter in Normal Children 
Determined by Two-Dimensional Echocardiography. Douglas 
H. King, E. O'Brian Smith, James C. Huhta, and Howard P. 
Gutgesell 


Effects of Loading Conditions and Contractile State (Methox- 
amine and Dobutamine) on Left Ventricular Early Diastolic 
Function in Normal Subjects. Steven D. Colan, Kenneth M. 
Borow, and Alexander Neumann 


Effects of Training on Systolic Time Intervals at Rest and During 
Isometric Exercise in Men and Women 61 to 64 Years Old. 
Douglas R. Seals, Ben F. Hurley, James M. Hagberg, Joan 
Schultz, Barry J. Linder, Lonnie Natter, and Ali A. Ehsani 


Blood Pressure and Heart Rate Responses During 24-Hour 
Ambulatory Monitoring and Exercise in Men with Diabetes 
Mellitus. Shirley Rubler, Dennis A. Chu, and Charles L. Bruz- 
zone 


EXPERIMENTAL STUDIES 


Electrophysiologic Effects of Flecainide Acetate and Its Major 
Metabolites in the Canine Heart. Janel Guehler, Charles C. 
Gornick, H. Gareth Tobler, Adrian Almquist, Jack R. Schmid, D. 
Woodrow Benson, Jr., and David G. Benditt 


Development of an Endocardial-Epicardial Gradient of Acti- 
vation Rate During Electrically Induced, Sustained Ventricular. 
Fibrillation in Dogs. Seth J. Worley, Judith L. Swain, Paul G. 
Colavita, William M. Smith, and Raymond E. Ideker 


Improved Internal Defibrillation with Twin Pulse Sequential 
Energy Delivery to Different Lead Orientations in Pigs. Douglas 
L. Jones, George J. Klein, and Michael J. Kallok 


Transcatheter Closure of Patent Ductus Arteriosus in Piglets. 
James E. Lock, John L. Bass, Gunnar Lund, Joseph A. Rysavy, 
and Russell V. Lucas, Jr. 


Limitations of Flourocarbons in Reducing Myocardial Infarct 
Size. Philippe Menasche, Marcio Escorsin, Pierre Birkui, Anne 
Lavergne, Michel Fauchet, Pierre Commin, Paco Lorente, Robert 
P. Geyer, and Armand Piwnica 


EDITORIALS 


Asymmetry in Hypertrophic Cardiomyopathy: The Septal to 
Free Wall Thickness Ratio Revisited. Barry J. Maron 


Peri-Infarction Block (1950)—Late Potentials (1980): Their 
Relationship, Significance and Diagnostic Implications. Ben- 
jamin J. Scherlag, Chesterfield G. Gunn, Edward J. Berbari, and 
Ralph Lazzara 
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Percutaneous Transluminal Coronary Angioplasty in Acute 
Myocardial Infarction Without Prior Thrombolytic Therapy. 
R. Sriram, G. Martin Mullen, Alberto Foschi, and J. P. Bicoff 


Acute Pericarditis After Percutaneous Transluminal Coronary 
Angioplasty. John D. Slack, Cass A. Pinkerton, and William K. 
Nasser 


Myocardial Ischemia During Intravenous Nicardipine Admin- 
istration. Charles R. Lambert, James A. Hill, Robert L. Feldman, 
and Carl J. Pepine 


Right Coronary Angiography During Left Anterior Descending 
Angioplasty: Collateral Visualization as a Guide to Balloon 
Positioning. Robert G. Macdonald and Robert L. Feldman 


Cocaine-Induced Angina Pectoris and Acute Myocardial In- 
farction in Patients Younger Than 40 Years. Peter F. Pasternack, 
Stephen B. Colvin, and F. Gregory Baumann 


Effect of Peripheral Thyroid Hormone Metabolism on Cardiac 
Arrhythmias. Rodrick Meese, Thomas C. Smitherman, Charles 
H. Croft, Albert Burger, and Pascal Nicod 


Concomitant Pulsus and U-Wave Alternatives After Head 
Trauma. Yu-Chen Lee and Frederick J. Sutton 


Study of Wolff-Parkinson-White Syndrome by Transesophageal 
Pacing and Assessment of Long-Term Amiodarone Therapy. 
Mario D. Gonzalez, Raul H. Guillen, Oscar A. Pellizzon, and Elsa 
C. Raimondi 


Left Atrial-Pulmonary Artery Wedge Pressure Relation: Effect 
of Elevated Pulmonary Vascular Resistance. Richard L. Levin 
and Ephraim Glassman 


Relation of Body Habitus to the Severity of Mitral Stenosis in 
Women. Pasquale F. Nestico, Abdulmassih S. Iskandrian, A- 
Hamid Hakki, Demetrios Kimbiris, Charles E. Bemis, and Bernard 
L. Segal 


Patent Ductus Arteriosus, Atrial Septal Defect and Branch 
Pulmonary Artery Stenosis: A Possible New Syndrome. Lynn 
Mahony, William E. Scully, David D. Weaver, Donald A. Girod, 
John W. Brown, Randall L. Caldwell, and Roger A. Hurwitz 


Recanalization of a Blalock-Taussig Anastomosis Eight Years 
After Repair of Tetralogy of Fallot. Delores Danilowicz, Charles 
Hunter, and George Reed 


Successful Dilatation of a Stenotic Blalock-Taussig Anasto- 
mosis by Percutaneous Transluminal Balloon Angioplasty. 
Donald R. Fischer, Sang C. Park, William H. Neches, Lee B. 
Beerman, Frederick J. Fricker, Robert A. Mathews, James R. 
Zuberbuhler, and Anne L. Wedemeyer 


Hypoplasia of the Apical Trabecular Component of the Mor- 
phologically Right Ventricle. Paul Oldershaw, David Ward, and 
Robert H. Anderson 


Cardiac Metabolism and Coronary Hemodynamics Before and 
After Bypass Surgery for Anomalous Origin of the Left Main 
Coronary Artery from the Pulmonary Trunk. Jens Peder Bagger, 
Thomas Vesterlund, and Torsten T. Nielsen 


Single Coronary Artery from the Right Sinus. Siew Yen Ho, Jill 
Adams, Tom Treasure, and Gaetano Thiene 


AJC 25 YEARS AGO 
The AJC in March 1960. Jay N. Cohn 
The AJC in March 1960. William C. Roberts 


FROM THE EDITOR 
CME Test on page 688 
INSTRUCTIONS TO AUTHORS on page 848 


In the January 11, 1985 Symposium issue, on page A40 (Cody RJ: Clinical 
and Hemodynamic Experience with Enalapril in Congestive Heart Failure), 


the number of patients in whom enalapril was studied was incorrect. The 
sentence should read: ‘‘Enalapril has now been studied іп more than 300 
patients with chronic heart failure. . . ” 
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At Hewlett-Packard, 
we take a slightly different 
approach to upgrading. 


A more constructive approach. 


Hewlett-Packard ultrasound imaging systems are 
designed to be upgradeable year after year. So in the 
future, HP owners will be upgrading at considerable 
savings, when others are replacing their ultrasound 
systems at considerable expense. 


Upgradeability. It’s been an HP design objective right 
from the start. For example, the very first HP system ever 
sold was recently upgraded to include new Doppler and 
cardiac imaging enhancements. In fact, the same is true 
for more than 30% of all HP ultrasound systems ever sold. 
Recent upgrades make them virtually the same as any new 
HP ultrasound system you can buy. And they all continue 
to operate with HP’s 99% average uptime. 


Cost-effectiveness, upgradeability, image quality and 
long-term reliability. These requirements are enough to 
make some ultrasound systems crumble. But at HP, build- 
ing a strong foundation for the future is a fact of life. 


To find out more about the complete line of Hewlett- 
Packard ultrasound imaging systems, write to: Inquiries 
Manager, Hewlett-Packard, Dept. A18, 3000 Minuteman 
Road, Andover, MA 01810. Or call your local HP sales office 
listed in the White Pages. 











Hewlett-Packard offers two superior cardiac imaging systems with 
Doppler capabilities: the HP77020AC phased array imaging system | 
and the HP77065AC mechanical imaging system. Both provide 

incomparable image quality, reliability and upgradeability. 
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e - ta Before prescribing or administering, see package circular for full 
_ product information. The following is a brief summary. 


INDICATIONS AND USAGE 

| Visken* (pindolol) is indicated in the management of hyperten- 
ES. - sion. It may be used alone or concomitantly with other anti- 

| hypertensive agents, particularly with a thiazide type diuretic. 





^ 2) overt cardiac failure; 3) cardiogenic shock; 4) second and 
— thirddegree heart block; 5) severe bradycardia; (see Warnings). 


WARNINGS 
Cardiac Failure: Sympathetic stimulation may be a vital compo- 
- . ment supporting circulatory function in patients with congestive 
~ . heart failure, and its inhibition by beta-blockade may precipitate 
— . A more severe failure. Although beta-blockers should be avoided 
— — jn overt congestive heart failure, if necessary, Visken (pindolol) 
-  — Can be used with caution in patients with a history of failure who 
= . are well-compensated, usually with digitalis and diuretics. Beta- 
adrenergic blocking agents do not abolish the inotropic action of 
` digitalis on heart muscle. 


În Patients Without A History of Cardiac Failure: In patients 

- .. with latent cardiac insufficiency, continued depression of the 
myocardium with beta-blocking agents over a period of time 
can in some cases lead to cardiac failure. At the first sign or 
symptom of impending cardiac failure, patients should be fully 

italized and/or be given a diuretic, and the response observed 

closely. If cardiac failure continues, despite adequate digitaliza- 

. tion and diuretic, Visken (pindolol) therapy should be withdrawn 

- (gradually if possible). 


EU Exacerbation of Ischemic Heart Disease Following Abrupt 
_ Withdrawal: Hypersensitivity to catecholamines has been 
=, observed in patients withdrawn from beta-blocker therapy; 
= exacerbation of angina and, in some cases, myocardial infarc- 
. . tion have occurred after abrupt discontinuation of such therapy. 
= When discontinuing chronically administered Visken (pindolol), 
mn particularly in patients with ischemic heart disease, the dosage 
— Should be gradually reduced over a period of one to two weeks 
.. and the patient should be carefully monitored. If angina mark- 
= edly worsens or acute coronary insufficiency develops, Visken 

. . (pindolol) administration should be reinstituted promptly, at least 
. temporarily, and other measures appropriate for the manage- 
Ment of unstable angina should be taken. Patients should be 
| Warned against interruption or discontinuation of therapy 
~ — Without the physician's advice. Because coronary artery disease 
. 15 common and may be unrecognized, it may be prudent not to 
— discontinue Visken (pindolol) therapy abruptly even in patients 
— . treated only for hypertension. 


= Nonallergic Bronchospasm (e.g., chronic bronchitis, emphy- 

sema)— Patients with Bronchospastic Diseases Should in 

—— . General Not Receive Beta-Blockers: Visken (pindolol) should be 

|... administered with caution since it may block bronchodilation 
Tu epe by endogenous or exogenous catecholamine stimula- 

¬ tion of beta, receptors. 


_ Major Surgery: Because beta blockade impairs the ability of the 

heart to respond to reflex stimuli and may increase the risks of 

= general anesthesia and surgical procedures, resulting in 

|... protracted hypotension or low cardiac output, it has generally 

been suggested that such therapy should be withdrawn several 

days prior to surgery. Recognition of the increased sensitivity to 

catecholamines of patients recently withdrawn from beta-blocker 

therapy, however, has made this recommendation controversial. 

If possible, beta-blockers should be withdrawn well before 

, Surgery takes place. In the event of emergency surgery, the 

=- anesthesiologist should be informed that the patient is on beta- 

— — blocker therapy. The effects of Visken® (pindolol) can be 

Е reversed by administration of beta-receptor agonists such as 

— — isoproterenol, dopamine, dobutamine, or levarterenol. Difficulty 
În restarting and maintaining the heart beat has also been 

reported with beta-adrenergic receptor blocking agents. 


E. Diabetes and Hypoglycemia: Beta-adrenergic blockade may 

prevent the appearance of premonitory signs and symptoms 

M. (е.0., on rie and blood pressure ا‎ of acute һуро- 

ES. iem. his is especially important with labile diabetics. Beta- 
blockade also reduces the release of insulin in response to 

€ = hyperglycemia; therefore, it may be necessary to adjust the 
AM dose of antidiabetic drugs. 


Thyrotoxicosis: Beta-adrenergic blockade may mask certain 
. Clinical signs (e.g., tachycardia) of hyperthyroidism. Patients 
|. . Suspected of developing thyrotoxicosis should be managed 
carefully to avoid abrupt withdrawal of beta-blockade which 
might precipitate a thyroid crisis. 


i PRECAUTIONS 

- — Impaired Renal or Hepatic Function: Beta-blocking agents 
~ should be used with caution in patients with impaired hepatic or 
—  . renal function. Poor renal function has only minor effects оп 
n. Visken po! clearance, but poor hepatic function may 
cause blood levels of Visken (pindolol) to increase substantially. 


"Ml . Information for Patients: Patients, especially those with 
- —— — evidence of coronary artery insufficiency, should be warned 
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Ee against interruption or discontinuation of Visken (pindolol) 

~ therapy without the physician's advice. Although cardiac failure 
LA -—. — rarely occurs in properly selected patients, patients being 
|. treated with beta-adrenergic blocking agents should be advised 
| to consult the physician at the first sign or symptom of impend- 
"M |... ing failure. 
i E Drug Interactions: Catecholamine-depleting drugs (e.g., 
Ed reserpine) may have an additive effect when given with beta- 


- . . blocking agents. Patients receiving Visken (pindolol) plus а 
M e catecholamine depleting agent should, therefore, be closely 
- . observed for evidence of hypotension and/or marked 


ET AS bradycardia which may produce vertigo, syncope, or postural 
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Visken (pindolol) has been used with a variety*of antihyperten- 
sive agents, including hydrochlorothiazide, hydralazine, and 
guanethidine without unexpected adverse interactions. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: In 
chronic oral toxicologic studies (one to two years) in mice, rats, 
and dogs, Visken (pindolol) did not produce any significant toxic 
effects. In two-year oral carcinogenicity studies in rats and mice 
in doses as high as 59 mg/kg/day and 124 ж d (50 and 
100 times the maximum recommended human dose), respec- 
tively, Visken (pindolol) did not produce any neoplastic, preneo- 
plastic, or nonneoplastic pathologic lesions. In fertility and 
eneral reproductive performance studies in rats, Visken 

(bindolol) caused no adverse effects at a dose of 10 mg/kg. 


In the male fertility and general reproductive performance test 
in rats, definite toxicity characterized by mortality and decreased 
weight gain was observed in the group given 100 mg/ kg/day. 

At 30 mg/kg/day, decreased mating was associated with 
testicular atrophy and/or decreased spermatogenesis. This 
response is not clearly drug related, however, as there was no 
dose response relationship within this experiment and no similar 
effect on testes of rats administered Visken (pindolol) as a 
dietary admixture for 104 weeks. There appeared to be an 
increase in prenatal mortality in males given 100 mg/kg but 
development of offspring was not impaired. 


In females administered Visken (pindolol) prior to mating 
through day 21 of lactation, mating behavior was decreased at 
100 mg/kg and 30 mg/kg. At these dosages there also was 
increased mortality of offspring. Prenatal mortality was 
increased at 10 mg/kg but there was not a clear dose response 
relationship in this experiment. There was an increased resorp- 
tion rate at 100 mg/kg observed in females necropsied on the 
15th day of gestation. 


Pregnancy—Category B: Studies in rats and rabbits exceeding 
100 times the maximum recommended human doses, revealed 
no embryotoxicity or teratogenicity. Since there are no adequate 
and well-controlled studies in pregnant women, and since 
animal reproduction studies are not always predictive of human 
response, Visken (pindolol), as with any drug, should be 
employed during pregnancy only if the potential benefit justifies 
the potential risk to the fetus. 


Nursing Mothers: Since Visken (pindolol) is secreted in human 
er nursing should not be undertaken by mothers receiving 
the drug. 


Pediatric Use: Safety and effectiveness in children have not 
been established. 


CLINICAL LABORATORY 

Minor persistent elevations in serum transaminases (SGOT, 
SGPT) have been noted in 796 of patients during Visken tnde. 
lol) administration, but progressive elevations were not observed 
and liver injury has not been reported in the medical literature 
over a ten 10) year period of marketing. Alkaline phosphatase, 
lactic acid dehydrogenase (LDH) and uric acid are also elevated 
on rare occasions. The significance of these findings is unknown. 


ADVERSE REACTIONS 

Most adverse reactions have been mild. The incidences listed in 
the a table are derived from 12 week comparative 
double-blind, parallel design trials in hypertensive patients given 
Visken (Ине) as monotherapy, given various active control 
drugs as monotherapy, or given placebo. Data for Visken 
(pindolol) and the positive controls were pooled from several 
trials because no striking differences were seen in the individual 
studies, with one exception. The frequency of edema was 
noticeably higher in positive control trials (16% Visken (pindolol) 
vs 9% positive control) than in placebo controlled trials (6% 
Visken (pindolol) vs 3% placebo). The table includes adverse 
reactions reported in greater than 296 of Visken (pindolol) 
patients and other selected important reactions. 


Total (Volunteered and Elicited) 
Active 











Visken 
(о) controls” Placebo 
Body System/ = 322) (N = 188) (Н = 78) 
verse Reaction % % % 

Central Nervous System 

Anxiety 4 <1 1 

Bizarre or Many Dreams 8 3 8 

Dizziness 17 23 8 

Fatigue 15 19 12 

Hallucinations 1 0 0 

Insomnia 19 8 12 

Lethargy 3 6 4 

Nervousness 11 5 9 

Weakness 7 5 4 
Autonomic Nervous System 

Paresthesia 5 2 8 

Visual Disturbances 4 3 4 
Cardiovascular 

Dyspnea 9 8 9 

Edema 11 9 3 

Heart Failure 2 <1 0 

Palpitations 2 2 0 

Weight Gain 3 5 0 
Musculo-Skeletal 

Chest Pain 5 3 5 

Joint Pain 11 6 8 

Muscle Cramps 8 2 0 

Muscle Pain 12 12 9 
Gastrointestinal 

Abdominal Discomfort 7 7 5 

Nausea 7 4 1 
Skin 

Pruritus 2 «1 0 

Rash 2 3 3 





* Active Controls: Patients received either propranolol, «-methyldopa or a 
diuretic (hydrochlorothiazide or chlorthalidone). 
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The following selected (potentially important) adverse reactions 

were seen in 296 or fewer patients and their relationship to - 
Visken (Бойон) is uncertain. AUTONOMIC NERVOUS SYSTEM: ‘ 
hyperhidrosis; CARDIOVASCULAR: bradycardia, claudication, 

cold extremities, heart block, Шри, syncope, tachycar- 

dia; GASTROINTESTINAL: diarrhea, vomiting; RESPIRATORY: 

wheezing; UROGENITAL: impotence, pollakiuria; MISCELLANE- 

OUS: eye discomfort or burning eyes. 


POTENTIAL ADVERSE EFFECTS 

In addition, other adverse effects not listed above have been 
reported with other beta-adrenergic blocking agents and should 
be considered potential adverse effects of Visken (pindolol). 


Central Nervous System: Reversible mental depression 
pen to catatonia; an acute reversible syndrome charac- 
terized by disorientation for time and place, short-term memory 
loss, emotional lability, slightly clouded sensorium, and 
decreased performance on neuropsychometrics. 


Cardiovascular: Intensification of AV block. See 
CONTRAINDICATIONS. 


Allergic: Erythematous rash; fever combined with aching and 
sore throat; laryngospasm; respiratory distress. 


Hematologic: Agranulocytosis; thrombocytopenic and non- 
thrombocytopenic purpura. 


Gastrointenstinal: Mesenteric arterial thrombosis; ischemic 
colitis. 


Miscellaneous: Reversible alopecia; Peyronie's disease. 


The oculomucocutaneous syndrome associated with the beta- 

blocker practolol has not been reported with Visken (pindolol) 

during investigational use and extensive foreign experience 

amounting to over 4 million patient-years. c1 


OVERDOSAGE 

No specific information on emergency treatment of overdosage 
is available. Therefore, on the basis of the pharmacologic 
actions of Visken (pindolol), the following general measures 
should be employed as appropriate in addition to gastric lavage: 


Excessive Bradycardia: administer atropine; if there is no 
response to vagal blockade, administer isoproterenol cautiously. 


Cardiac Failure: digitalize the patient and/or administer diuretic. 
it has been reported that glucagon may be useful in this 
situation. 


Hypotension: administer vasopressors, e.g., epinephrine or 
levarterenol, with serial monitoring of blood pressure. (There is 
evidence that epinephrine may be the drug of choice.) 


Bronchospasm: administer a beta, stimulating agent such as 
isoproterenol and/or a theophylline derivative. 


A case of an acute overdosage has been reported with an intake 
of 500 mg of Visken (pindolol) by a hypertensive patient. Blood 
pressure increased and heart rate was = 80 beat/min. Recovery 
was uneventful. In another case 250 mg of Visken (pindolol) was 
taken with 150 mg Срат and 50 mg nitrazepam, producing 
coma and hypotension. The patient recovered in 24 hours. 


DOSAGE AND ADMINISTRATION 

The dosage of Visken (pindolol) should be individualized. The 
recommended initial dose of Visken (pindolol) is 5 mg b.i.d. E 
alone or in combination with other antihypertensive agents. An | 
antihypertensive response usually occurs within the first week of 

treatment. Maximal response, however, may take as long as or 

occasionally longer than two weeks. If a satisfactory reduction 

in blood pressure does not occur within 3-4 weeks, the dose 

may be adjusted in increments of 10 mg per day at these 

intervals up to a maximum of 60 mg per day. 


HOW SUPPLIED 

White, round, scored tablets: 5 mg and 10 mg, packages of 
100. 5 mg tablets embossed “VISKEN 5” on one side, and 
“78-111” and scored on other side (NDC 0078-0111-05). 10 mg 
tablets embossed “VISKEN 10” on one side, and "78-73" and 
scored on other side (NDC 0078-0073-05). 
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Please send me clinical background 
deitas i Y Visken (pindolol). Рт oend me 

interested in how it acts as a beta 

blocker and a partial beta agonist the answers. 

at the same time to control blood 

pressure and maintain cardiac 

output. How does this dual action 

benefit my patients over 55 who may (please print) 
have elevated blood pressure, 
impaired cardiac function and 
increased total peripheral resistance? 
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CORONARY HEART DISEASE 


_ 623 Effect of Digitalis Treatment on Survival After Acute Myocardial Infarction 


J. THOMAS BIGGER, Jr., JOSEPH L. FLEISS, LINDA M. ROLNITZKY, JACQUES P. MERAB, and 
KEVIN J. FERRICK 


To determine the effect of digitalis treatment on survival after myocardial infarction, we followed up 504 patients 
with acute myocardial infarction. After 3 years of follow-up, a 66% survival rate was found in the group treated 
with digitalis compared with 87% survival in the group not treated with digitalis (p <0.001). Survival analysis 
using Cox's regression model showed that the association between digitalis use and decreased survival was or 
was not statistically significant depending on the selection of risk factors for adjustment. After adjusting for the 
indications for digitalis use, the association between digitalis use and survival was borderline (p <0.10). Also, 
the concentration-response relation between serum digoxin concentration and survival was investigated. Surviv- 
al after infarction was a statistically significant, inverse function of serum digoxin concentration, but after adjust- 
ing for other risk factors, this relation was not statistically significant. 


Symptomatic Coronary Artery Disease in Patients Aged 21 to 30 Years 


DONALD A. UNDERWOOD, WILLIAM L. PROUDFIT, JUAN LIM, and JULIE P. MacMILLIAN 


One hundred one young people (88 men, 13 women) 30 years of age or younger who had arteriographically 
proved obstructive coronary artery disease (CAD) were identified and reviewed for risk factor prevalence. The 
men who were compared to age and date-of-catheterization matched control subjects who were arteriographi- 
cally normal. Significant risk factors were cigarette smoking, familial CAD and familial CAD manifest at age 50 
years or younger. Serum cholesterol values were significantly higher in the CAD group. Arteriography showed 
a spectrum of diseases: 1-vessel CAD in 57, 2-vessel in 21 and 3-vessel in 22. One patient had left main CAD. 
Follow-up was obtained in the 94 American subjects. One-year mortality was 396 and 5-year mortality was 
20%. The causes of death were primarily cardiac: myocardial infarction in 10 patients, sudden death in 6 and 
congestive heart failure in 2; 3 patients died of noncardiac causes. 


Exercise Testing to Enhance Wives' Confidence in Their Husbands' Cardiac Capability Soon After 
Clinically Uncomplicated Acute Myocardial Infarction 


CRAIG B. TAYLOR, ALBERT BANDURA, CRAIG K. EWART, NANCY H. MILLER, and 
ROBERT F. DeBUSK 


Exercise testing soon after acute myocardial infarction influences patients' perceived confidence (efficacy) in 
their capability to resume customary activities. This study evaluates the influence of such testing on wives' per- 
ceptions of their husbands' capabilities. Only among the 10 wives who watched the test and participated at the 
same workload achieved by their husbands did wives' ratings of their spouses' physical and cardiac capability 
equal those of their spouses; among wives who did not watch the test or watched but did not themselves partici- 
pate, ratings remained low. Peak treadmill performance (heart rate and workload) at 11 and 26 weeks was more 
highly correlated with combined ratings of perceived efficacy of patients and spouses than with peak treadmill 
performance at 3 weeks. Participation in exercise testing early after acute myocardial infarction reassures 
spouses about the capacity of their partners to resume their customary activities with safety. 


Acute Hemodynamic and Antiischemic Effects of Intravenous Amiodarone 


WILLEM J. REMME, DIEDERIK C.A. VAN HOOGENHUYZE, X. HANNO KRAUSS, ALBERT HOFMAN, 
DICK A.C.M. KRUYSSEN, and COCK J. STORM 


The acute hemodynamic and antiischemic effects of amiodarone were studied in 16 patients with coronary ar- 
tery disease. Amiodarone (5 mg/kg/5 min) reduced left ventricular (LV) systolic pressure (2096), systemic and 
coronary vascular resistances (13% and 19%, respectively), and stroke work (18%). There was a secondary 
increase in heart rate (14%) and an increase in coronary flow (2396), both short-lasting. In contrast, contractility 
was reduced (21%) and LV end-diastolic pressure elevated (4596) over a longer period. The effect on myocar- 


Continued on page A18 
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5 minutes after ainiodarone, REDI LV systolic bius ма contractility were ‘signi сау" ae i bn sat 
Ж; айн with APST І, implying а reduction in myocardial oxygen demand. Although coronary flow and myocar- 


dial oxygen consumption were similar during both APST, amiodarone clearly reduced myocardial ischemia. This 
was indicated by a normalization of myocardial lactate metabolism, less ST-segment depression, angina pecto- 
ris and a reduction of LV end-diastolic pressure during АРТ II. It is concluded that intravenous amiodarone inhib- 
its pacing-induced myocardial ischemia in humans, mainly by a reduction of myocardial oxygen demand. 


545 . Out-of-Hospital Sudden Coronary Death: Rest and Exercise Radionuclide Left Ventricular Function in 


E . Survivors 


JAMES L. RITCHIE, ALFRED P. HALLSTROM, GENE B. TROUBAUGH, JAMES H. CALDWELL, and 
LEONARD A. COBB 


One hundred fifty-four survivors of out-of-hospital ventricular fibrillation (VF) with coronary artery disease had 
radionuclide ventriculography an average of 4.2 months after VF. All patients were studied at rest, and 91 of 
these patients were also studied during supine bicycle exercise. Clinical histories and 24-hour ambulatory elec- 
trocardiograms were also assessed, and patients were followed for an average of 3.1 years after ventriculog- 
raphy. Predictors of death included ejection fraction at rest, presence of akinesia or dyskinesia on the rest ven- 
triculogram, the number of abnormal left ventricular segments, a history of congestive heart failure, a history of 
acute myocardial infarction, absence of acute myocardial infarction at the time of VF, and the presence of ven- 
tricular arrhythmia. 


Coronary and Systemic Hemodynamic Effects of Nicardipine 


CHARLES R. LAMBERT, JAMES A. HILL, WILMER W. NICHOLS, ROBERT L. FELDMAN, and 
CARL J. PEPINE 


Effects of the new dihydropyridine calcium antagonist, nicardipine, on coronary and systemic hemodynamics 
were studied in 15 patients during cardiac catheterization. Nicardipine decreased systemic vascular resistance 
and produced a reflex increase in heart rate while left ventricular end-diastolic pressure remained unchanged. 
Stroke volume increased as did coronary blood flow (thermodilution) while coronary resistance decreased. Heart 
rate-systolic blood pressure product did not change. With heart rate controlled by atrial pacing, nicardipine still 
augmented coronary flow. Nicardipine appears to differ from nifedipine with respect to consistent augmentation 
of coronary blood flow for a similar decrease in systemic arterial pressure. 


Initial Coronary Air Embolus in the Differential Diagnosis of Coronary Artery Spasm 


FREDERICK A. HEUPLER, Jr., CARLOS M. FERRARIO, DAVID B. AVERILL, and 
CORINNE BOTT-SILVERMAN 


The angiographic and electrocardiographic manifestations of initial coronary artery air embolus were demon- 
strated in 4 patients and in an animal model. The angiographic appearance was characteristic: the leading edge 
of contrast material stopped abruptly, appeared hazy and blunt, and pulsated back and forth. ST-T-wave changes 
on the electrocardiogram appeared rapidly and resolved in minutes to hours. All patients described angina during 
the episode. Initial injection of air during coronary arteriography produces a clinical and angiographic syndrome 
that mimics coronary artery spasm. 


Mucocutaneous Lymph Node Syndrome: Clinical, Hemodynamic and Angiographic Features of 
Coronary Obstructive Disease 


TOSHIO NAKANISHI, ATSUYOSHI TAKAO, MAKOTO NAKAZAWA, MASAHIRO ENDO, KOICHIRO NIWA, 
and YOSHIAKI TAKAHASHI 


Clinical, hemodynamic, and angiographic features of coronary obstructive disease (290% stenosis) in Kawa- 
saki disease were described. The most common site of obstruction was the proximal right coronary artery, fol- 
lowed by the proximal left anterior descending artery and left main trunk. Myocardial infarction was observed in 
10 of 30 patients (3396). Abnormal left ventricular (LV) function variables (LV end-diastolic pressure, end-dia- 
stolic volume and ejection fraction), mitral regurgitation, and LV wall motion abnormality were observed in right 
and left coronary obstructive disease in children. 


> 5 59 . Importance of Total Life Consumption of Cigarettes as a Risk Factor for Coronary Artery Disease 


WILLIAM S. WEINTRAUB, LLOYD W. KLEIN, PAUL A. SEELAUS, JAI В. AGARWAL, and 
RICHARD H. HELFANT 


Whether recent smoking history or total life consumption best represents the increased risk of smoking for angi- 
ographically demonstrated coronary artery disease (CAD) has not been previously established. Thus, the relative 
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For patients who can’t or won't drink liquid KCl... Я 
controlled-release tablets, 10 mEq 


Klotrix 


: potassium chloride) 
the tablet that releases KCI in solution 





For Brief Summary, please see following page. д 
ML 4-4972 Mead ТЕО? PHARMACEUTICAL Division. 


© 1983 Mead Johnson & Company • Evansville, Indiana 47721 USA 
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WITH SLOW-RELEASE POTASSIUM CHLORIDE PREPARATIONS, THESE DRUGS 

BE RESERVED FOR THOSE PATIENTS WHO CANNOT TOLERATE OR REFUSE TO TAKE ete 

OR EFFERVESCENT POTASSIUM PREPARATIONS OR FOR PATIENTS IN WHOM THERE | ИКА Manes а 

IS | OBLEM OF COMPLIANCE WITH THESE PREPARATIONS. "ide 

| erapeutic use in patients with hypokalemia with or without metabolic alkalosis; in "UN 

is intoxication and in patients with hypokalemic familial periodic paralysis. ADVERTISING ; 


prevention of potassium depletion when the dietary intake of potassium is inadequate in the "S 4: 
ng conditions: Patients receiving digitalis and diuretics for congestive heart failure; REPRESENTATIVES al 3 ey 
cirrhosis with ascites; states of aldosterone excess with normal renal function; i 
ium-losing nephropathy, and certain diarrheal states. 


A iam o: s ۴ 35. 
SAs "m ES da 3 





[^ 
< 






















































use of potassium salts in patients receiving diuretics for uncomplicated essential hyper- NEW YORK [^^ 
1 is often unnecessary when such patients have a normal dietary pattern. Serum potassium x ES | 
Id be checked periodically, however, and, if hypokalemia occurs, dietary supplementation Laurence E. Cummins, 212-605-9626 | 


otassium-containing foods may be adequate to control milder cases. In more severe cases Robert C. Weidner, 212-605-9624 BS. 








entation with potassium salts may be indicated. ; { | 
NTRAINDICATIONS In patients with hyperkalemia, since a further increase in serum potassium , 875 Third Avenue, E d 
tration in such patients can produce cardiac arrest. Hyperkalemia may complicate апу of New York, N.Y. 10022 i24 x 


Nd ing conditions: chronic renal failure, systemic acidosis such as diabetic acidosis, acute 
at n, extensive tissue breakdown as in severe burns, adrenal insufficiency, or the adminis- 
of potassium- -sparing diuretic (eg, spironolactone, triamterene). 


atrix potassium chloride preparations have produced esophageal ulceration in certain CHICAGO 

L ; patients with esophageal compression due to enlarged left atrium. М 
~All solid dosage forms of potassium supplements are contraindicated in any patient in whom there Wyman Carey, 312-938-2928 ` Кр 
- i$ cause for arrest or delay in tablet passage through the G.I. tract. In these instances, potassium 303 E. Wacker Dr., i 
E 


SL ‘supplementation should be with a liquid preparation. 


it WARI INGS Hyperkalemia: In patients with impaired mechanisms for excreting potassium, 3 Illinois Center Bldg. EA » 

ministration of potassium salts can produce hyperkalemia and cardiac arrest. This occurs most Chicago, Ill. 60601 "is 
monly in patients given potassium intravenously but may also occur when given orally. Poten- v 31 
atal hyperkalemia can develop rapidly and be asymptomatic. Use of potassium salts in EXC 
is with chronic renal disease, or any other condition which impairs potassium excretion БА 205 
$ particularly careful monitoring of the serum potassium concentration and appropriate HOUSTON S / D 
adjustment. GN. A 
tion with potassium-sparing diuretics: Hypokalemia should not be treated by the Dick Sheehan, 713-981-4090 r2 E s 
| ant administration of potassium salts and a potassium-sparing diuretic (eg, spironolac- 8515 Fondren Road, EN o 
| е, since the simultaneous administration of these agents can produce Houston, Texas 77074 E zu 
intestinal lesions: Potassium chloride tablets have produced stenotic and/or ulcerative Ig cd 
5 of the small bowel and deaths. These lesions are caused by a high localized concentration e dca 
Ssium ion in the region of a rapidly dissolving tablet, which injures the bowel wall and DES C1 
by produces obstruction, hemorrhage, or perforation. KLOTRIX is a wax-matrix tablet formu- ATLANTA E Е 
lated to provide a controlled rate of release of potassium chloride and thus to minimize the possi- d 1 
y of a high local concentration of potassium ion near the bowel wall. While the reported Robert H. Powell, Jr., 404-633-5112 { з E 
m" uency of small-bowel lesions is much less with wax-matrix tablets (less than one per 4 Executive Park Drive, N.E., Aa 27 
00,000 patient-years) than with enteric-coated potassium chloride tablets (40-50 per 100,000 Atlanta, Ga. 30329 eae 6 


-years) cases associated with wax-matrix tablets have been reported both in foreign coun- 

1 in the United States. In addition, perhaps because the wax-matrix preparations are not 

a Jaled and release potassium in the stomach, there have ү reports of upper gastroin- 

nal bleeding associated with these products. The total number of gastrointestinal lesions 

ains less than one per 100,000 patient-years. KLOTRIX should be discontinued immediately SAN FRANCISCO 

Possibility of bowel obstruction or perforation considered if severe vomiting, abdominal Marjorie Hauschild, 415-981-2594 
istention, or gastrointestinal bleeding occurs. i 

lic acidosis: Hypokalemia in patients with metabolic acidosis should be treated with an 582 Market St., 

lin 14 potassium salt such as potassium bicarbonate, potassium citrate, or potassium acetate. San Francisco, Calif. 94104 
RECAUTIONS Potassium depletion is ordinarily diagnosed by demonstrating hypokalemia in а EE > 
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with a clinical history suggesting some cause for potassium depletion. In interpreting the Production Manager: Marty Schlessel а е" Е, 
potassium level, the physician should bear in mind that acute alkalosis per se can produce Telephone: 212-605-9776 Wa 08 
emia in the absence of a deficit in total body potassium, while acute acidosis per se can і ; uu Sai 
se the serum potassium concentration into the normal range even in the presence of a Reprints Manager: Herbert V. Paureiss, Jr. 5 T 
J total body potassium. Treatment of potassium depletion particularly in presence of cardiac Telephone: 212-605-9625 Ai 4 
е, renal disease, or acidosis, requires careful attention to acid-base balance and appropri- | 
nitoring of serum electrolytes, electrocardiogram and clinical status of patient. Technical Publishing Ж jir 
SE REACTIONS Most common to oral potassium salts: nausea, vomiting, abdominal | Вань Е. 
ort, and diarrhea. These symptoms аге due to irritation of the gastrointestinal tract and are n А 
anaged by diluting the preparation further, taking the dose with meals, or reducing the dose. 875 Third Ave., N.Y., N.Y. 10022 DM © 
of the most severe adverse effects is hyperkalemia (see Contraindications and Warnings). "251 


е also have been reports of upper and lower gastrointestinal conditions including obstruction, JOHN К. АВЕГҮ..................... мү ККУ President 
ding, ulceration and perforation (see Contraindications and Warnings); other factors known to ROBERT L. DICKSON .......... Executive Vice President 
ciated with such conditions were present in many of these patients. Skin rash has been ROBERT T. (BRAWN Nt 00055405 Senior Vice President 
- reported rarely. TIM BURKHOLDER............... Senior Vice President 

DOSAGE AND ADMINISTRATION The usual dietary intake of potassium by the average adult is 40 SOP EMERY oo 0 зд т. Senior Vice President 
_ to 80 mEq per day. Potassium depletion sufficient to cause hypokalemia usually requires the loss of WALTER HARRINGTON 
З ог more mEq of potassium from the total body store. Dosage must be adjusted to the individual 
$ of each patient but is typically in the range of 20 mEq per day for the prevention of hypoka- 

| to 40-100 mEq per day or more for the treatment of potassium depletion. 


ў No | p slow-release tablets must be swallowed whole and never crushed or chewed. (аво) 
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Burdick produces the 
38-second electrocardiogram. 


In fact, only 37.4 seconds to record the complete 12-lead electro- 
cardiogram. It’s the EK-8, Burdick’s first fully automatic single-channel 
electrocardiograph. 

Combined with its unique mounting system, the EK-8 assures higher 
ECG productivity, substantial savings of time for operator and staff 
and important savings on ECG paper. 

Each lead is recorded in proper sequence —with lead lengths and 
lead switching on every lead automatically controlled. With proper 
technic there is no stopping to move the chest lead, fewer overruns, 
less waste, more ECG's per roll. That means additional savings. 

Important savings of technician and staff time are possible with the 
EK-8's unique mounting system. Leads are automatically identified, and 
the complete 12-lead tracing is ready for mounting on Burdick self-adhesive 
card or folder formats, ready for filing. In the folder-mode, with longer 
leads for additional data, the complete ECG is recorded in 47.1 seconds. 
Manual override provides full choice of lead lengths if desired. 

The faster Burdick EK-8. Because time is your valuable asset for 
better patient service. For more information, or a demonstration, call us “ы! 
toll-free at 800-356-0701. In Wisconsin call 608-868-7631. Or write Burdick. 

The Burdick Corporation, Milton, Wisconsin 53563. a KONE Company /* [us 








» |} "у У [А Г ор A ME TM 
Hu ` "AN LMI MI ЫМ й r 
fl Mi Vi М М Mi ME NH. Aq QA n ү MI MI MI MEMEME м 
MI (MI MIMI MI ML ML MI МЕМ B „ B » MIMI MI MI MI MI MI MI MÎ 
M М! MLMLMEMEMEMEMEM OV 4 ° * IM MIMI MI MI MEMI M 
` Y4 „АМ? 4. „ШОО E. 
Em |. 9 EMI M MI MI MI МІ MI MIMIN 
м Оа 7°, 9 И 
MEME МІ MEMEMIMIMEMEMEN fF о, MEMEMIMEMEMIMIMEMEM iN 
Mi EMI MIMI MI MIMI MI NE MEN со, B. ТАША 
| Es И Ws v CTY ми / 
MIMI MI MI MI MI MI MEME Neat MEMDMEMIERIENUI MI MI MI MI МЇ MI MI M 
Eme | | ИИИ MIN M 
ИМ fi Mi MIMI MIMI MI MI éh MIMI MÎ MI MÎ miM | 
: МҮМ! MI MI MIMI MI MI mm. MEMÎ MI MI MEME MI 
; ymi MEMI MI MIMI ME К» C. E MI MI MI E | 
I MIMI MI MÎ MIE MI Mi EM ‘MI MIMIMI MEN MI MIN M 
| Al i MFMEMEMI MI МІ — — MEMI MI MEMI MIM 
MLMi MI Mi MI MI MI MI Ch Bee B Mi MI MI MI MI MÎ 
М ~ sS Mt MI 
Мммм! Mi ШОЛ —— 4 MIMEMI MIMI MI M 
Î MI MEMI MI MI М и „е NY ee мМ 
Ммм po p MI MI! MI MI МІ ММ] 
ÜEMIMIMIMIMIMIM, "' MIMI MI MI MEMEM 
I MEMIMIMIMIMI MI — ` MEMIMIMEMI MIMIN 
HEMIMIMEMEMIMIME — n MUMI MI MEMI MEN 
Ммм MI MI MI MI MI MI MEMI MEMI МЇ МЕМ MIMI MEMI MIMI MÍ MI M 
Al MI MI MI MI Mi Mi MI MIMI MIMI MI MI MI MI WI MI ME MI MI MI MI MI MÎ 
үм MI MIMI MI MI MI MI MI MI MI MI MEMEMEMI МЇ MI MEMI MI MEMI j 
E Il. MEMI MEMI Mi МІ МРМІ ME MI MI MI MI MIMI MI MI MUMI MEMIMI N 
MMI Mi MI MEMI MEMI MEMI MEMI MEMI MI MEMI MI MI MI MI MIMI МЇ R 
FUT MEM MI MI MI MI MI MI МЇ MI MI MI MEMI MI MI MI MI MI МІ MER 
iv: Mi MI MI MEMI МІ MÎ MI MÎ MIMI MI MI МЇ MI MIMI ME 
B RN MIMI M М 
дыы ке E cae МММ MIN i MEMI ML | Mi I MIMI MI MI | 


dg m 





——— À—————————À——Á Om —— 
Е a 3 Sa Л Л ГЕ? Ё 
- m ^ 


= 
y 1 


р о A ee eae eS RESTS тата 
| V Li КОЗ LIONE SUR ЖУ UD 1? 
A ы ж + і of WA LES M 
д t Ah 
v 


T тә 
а= ^ - ey 


CARDIOPROTECTIVE "^" "cei? 


ы + y "S 
ғ " 1 

E ч 

" 4 7% 

= 

uu 

е А e 

E 

®) "d 

^ CON 

E J 

‚ 2 8 

бо: 

- Lr 


TIMOLOLMALEATEMSD) | 


CIT LP 
Ru EE ТҮЗ; 
E 

* 








To reduce the risk of cardiovascular E 
mortality and reinfarction in many E 
stabilized patients who have 3 
@ survived the acute phase of an MI 8 


7 to 28 days after this МІ 3 


Results from a major clinical study' 7 
Reduces sudden death by 44.6% (death within 24 hours) d 


Reduces instantaneous death by 714% 4 
(death occurring within a few seconds) i 


Reduces overall mortality by 394% E 








Reduces reinfarction by 284% E 
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It is recommended that treatment should be initiated within 1 to 4 weeks after infarction. 
Data are not available as to whether benefit would ensue if BLOCADREN is initiated later. 


1. The Norwegian Multicenter Study Group: Timolol-induced reduction in mortality and reinfarction in 
patients surviving acute myocardial infarction, N. Engl. J. Med. 304(14):801 -807 April 2, 1981. 
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BLOCADREN is contraindicated Exacerbation of Ischemic Heart Disease following Abrupt Withdrawal— 





in patients with bronchial asthma, a 
history of bronchial asthma, or severe 


chronic obstructive pulmonary dis- 


ease (see below); sinus bradycardia; 


second- and third-degree atrioven- 


tricular block; overt cardiac failure 
(see below); cardiogenic shock; and 
hypersensitivity to this product. 
Although beta blockers should be 
avoided in overt congestive heart 
failure, they can be used, if necessary, 
with caution in patients with a history 
of failure who are well compensated. 
In patients without a history of cardiac 
failure, continued depression of the 
myocardium with beta-blocking 
agents over a period of time can, in 


Hypersensitivity to catecholamines has been observed in patients withdrawn 
from beta-blocker therapy; exacerbation of angina and, in some cases, myo- 
cardial infarction have occurred after abrupt discontinuation of such therapy. 
When discontinuing chronically administered timolol maleate, particularly 
in patients with ischemic heart disease, the dosage should be gradually 
reduced over a period of one to two weeks, and the patient should be carefully 
monitored. If angina markedly worsens or acute coronary insufficiency develops, 
timolol maleate administration should be reinstituted promptly, at least 
temporarily, and other measures appropriate for the management of unstable 
angina should be taken. Patients should be warned against interruption 
or discontinuation of therapy without the physicians advice. Because coro- 
nary artery disease is common and may be unrecognized, it may be prudent 
not to discontinue timolol maleate therapy abruptly even in patients treated 
only for hypertension. 















In patients with nonallergic bronchospasm or with a history MSD 
of nonallergic bronchospasm (e.g., chronic bronchitis, emphysema), 





some cases, lead to cardiac failure. BLOCADREN should be administered with caution. 094 
For a Brief Summary of Prescribing Information, please see next page of this advertisement. HM 


Copyright © 1984 by Merck & Co., INC. 
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| Shock; hypersensitivity to this product. 


|... Cardiac Failure: Sympathetic stimulation may be essential 
- for support of the circulation in individuals with dimin- 
|... ished myocardial contractility, and its inhibition by beta- 
- adrenergic receptor blockade may precipitate more severe 
| failure. Although beta blockers should be avoided in overt 
a ive heart failure, they can be used, if necessary, 
id . with caution in patients with a history of failure who are 
E of _ well compensated, usually with digitalis and diuretics. 
Both digitalis and timolol maleate slow AV conduction. If 
- . Cardiac failure persists, therapy with BLOCADREN should 
be withdrawn. А | 
- . . 4n Patients without a History of Cardiac Failure: Contin- 
| .. ие depression of the myocardium with beta-blocking 


| lized and/or be given a diuretic, and the response 
|. observed closely. | 
| Should be withdrawn. 
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Exacerbation of Ischemic Heart Disease following 


Г Ec Abrupt Withdrawal — Hypersensitivity to catechol- 
||| amines has been observed in patients withdrawn 
| from beta-blocker therapy; exacerbation of angina 
| and, im some cases, myocardial infarction have 
` | occurred after abrupt discontinuation of such ther- 
apy. When discontinuing chronically administered 
timolol maleate, particularly in patients with ischemic 
| heart disease, the dosage should be gradually 
© | reduced over a period of one to two weeks and the 
=| patient should be carefully monitored. If angina 
| markedly worsens or acute coronary insufficiency 
` | develops, timolol maleate administration should be 
. | reinstituted promptly, at least temporarily, and other 
measures appropriate for the management of unsta- 

— | ble angina should be taken. Patients should be 
- — | warned against interruption or discontinuation of 










|... | therapy without the physician's advice. Because cor- 
E onary artery disease is common and may be unrec- 

L| ognized, it may be prudent not to discontinue timolol 

|. | Maleate therapy abruptly even in patients treated only 
+ 


| B _ for hypertension. 


1 


bronchospasm or with a history of nonallergic broncho- 
| Spasm (e.g. chronic bronchitis, emphysema), BLOCA- 
DREN should be administered with caution since it may 


|. block bronchodilation produced by endogenous and 


3 


|... exogenous catecholamine stimulation of beta, receptors. 


|. Major Surgery: The necessity or desirability of withdrawal 
к of beta kr 

~ ability of the heart to respond to beta-adrenergically 
= mediated reflex stimuli. This may augment the risk of 


| been subject to protracted severe hypotension during 
—. anesthesia. Difficulty in restarting and maintaining the 


E hes aane blocking agents may be reversed by sufficient 
| | . doses of such agonists as isoproterenol, dopamine, dobu- 
E tamine, or levarterenol (see OVERDOSAGE). 


- Diabetes Mellitus: BLOCADREN should be administered 
With caution in patients subject to spontaneous hypogly- 
|- .. cemia or to diabetic patients (especially those with labile 
Pus di ) who are receiving insulin or oral hypoglycemic 
Ec . Beta-adrenergic receptor blocking agents may 
|»... mask the signs and symptoms of acute hypoglycemia. 


. . Thyrotoxicosis: Beta-adrenergic blockade may mask cer- 
- — ain clinical signs (e.g., tachycardia) of hyperthyroidism. 
_ Райепіѕ suspected of developing thyrotoxicosis should be 
— . . managed carefully to avoid abrupt withdrawal of beta 
AES + blockade which might precipitate a thyroid storm. 
PRECAUTIONS: 

—— — . General: Impaired Hepatic or Renal Function: Since BLOC- 
______ADREN is partially metabolized in the liver and excreted 
— .. mainly by the kidneys, dosage reductions may be neces- 
Ж sary when hepatic and/or renal insufficiency is present. 
—.  Dosingin the Presence of Marked Renal Failure: Marked 
~ . hypotensive responses have been seen in patients with 
| . marked renal impairment undergoing dialysis after 20- 


ү 
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Muscle Weakness: Beta-adrenergic blockade has been 
reported to potentiate muscle weakness consistent with 
certain myasthenic symptoms (e.g., diplopia, ptosis, and 
generalized weakness). Timolol has been reported rarely 
to increase muscle weakness in some patients with myas- 
thenic symptoms. 


Drug Interactions: Close observation of the patient is 
recommended when BLOCADREN* (Timolol Maleate, 
MSD) is administered to patens receiving catecho- 
lamine-depleting drugs such as reserpine, because of 
possible additive effects and the production of hypoten- 
sion and/or marked bradycardia which may produce ver- 
tigo, syncope, or postural hypotension. 

Blunting of the antihypertensive effect of beta-adreno- 
ceptor blocking agents by nonsteroidal anti-inflamma- 
tory drugs has been reported. When using these agents 
concomitantly, patients should be observed carefully 
to confirm that the desired therapeutic effect has 
been obtained. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: In 
a two-year study of timolol maleate in rats, there was a 
statistically significant (p<0.05) increase in the incidence 
of adrenal pheochromocytomas in male rats administered 
300 times the maximum recommended human dose (1 
mg/kg/day). Similar differences were not observed in rats 
administered doses equivalent to 25 or 100 times the 
maximum recommended human dose. In a lifetime study 
in mice, there were statistically significant (p<0.05) 
increases in the incidence of benign and malignant pul- 
monary tumors and benign uterine polyps in female mice 
at 500 mg/kg/day, but not at 5 or 50 mg/kg/day. There 
was also a significant increase in mammary adenocar- 
cinomas at the 500-mg/kg/day dose. This was associated 
with elevations in serum prolactin which occurred in 
female mice administered timolol at 500 mg/kg, but not at 
doses of 5 or 50 mg/kg/day. An increased incidence of 
mammary adenocarcinomas in rodents has been asso- 
ciated with administration of several other therapeutic 
agents which elevate serum prolactin, but no correlation 
between serum prolactin levels and mammary tumors has 
been established in man. Furthermore, in adult human 
female subjects who received oral dosages of up to 60 
mg of timolol maleate, the maximum recommended 
human oral dosage, there were no clinically meaningful 
changes in serum prolactin. 

There was a statistically significant increase (p<0.05) 
in the overall incidence of neoplasms in female mice at 
the 500-mg/kg/day dosage level. 

Timolol maleate was devoid of mutagenic potential 
when evaluated in vivo (mouse) in the micronucleus test 
and cytogenetic assay (doses up to 800 mg/kg) and in 
vitro in a neoplastic cell transformation assay (up to 100 
ug/ml). In Ames tests the 5o concentrations of 
timolol employed, 5,000 ог 10,000 ,.g/plate, were asso- 
ciated with statistically significant elevations 00) of 
revertants observed with tester strain TA100 (in seven 
replicate assays), but not in the remaining three strains. 
In the assays with tester strain TA100, no consistent dose 
response relationship was observed, nor did the ratio of 
test to control revertants reach 2. A ratio of 2 is usually 
considered the criterion for a positive Ames test. 

Reproduction and TU studies in rats showed no 
adverse effect on male or female fertility at doses up to 
150 times the maximum recommended human dose. 


Pregnancy —Category C: Should be used during preg- 
nancy only if the potential benefit justifies the potential 
risk to the fetus. 


Nursing Mothers: Because of the potential for serious 
adverse reactions from timolol in nursing infants, a deci- 
sion should be made whether to discontinue nursing or to 
discontinue the drug, taking into account the importance 
of the drug to the mother. 


Pediatric Use: Safety and effectiveness in children have 
not been established. 


ADVERSE REACTIONS: 

BLOCADREN is usually well tolerated in properly selected 

patients. Most adverse effects have been mild and transient. 
In a multicenter (12-week) clinical trial comparing timo- 

lol maleate and placebo, the following adverse reactions 

were reported spontaneously and considered to be caus- 

ally related to timolol maleate: 





Timolol Maleate Placebo 
(п = 176) (п 168) 
% % 


BODY AS A WHOLE 
fatigue/tiredness 
headache 
chest pain 
asthenia 

CARDIOVASCULAR 
bradycardia 
arrhythmia 
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DIGESTIVE 


dyspepsia 
nausea 
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` (n=176) (n=168) | 
% % 

SKIN 

pruritus 1.1 0 
NERVOUS SYSTEM 

dizziness 2.3 1.2 

vertigo 0.6 0 

paresthesia 0.6 0 
PSYCHIATRIC 

decreased libido 0.6 0 
RESPIRATORY 

dyspnea 1.7 0.6 

bronchial spasm 0.6 0 

rales 0.6 0 
SPECIAL SENSES 

eye irritation 1.1 0.6 

tinnitus 0.6 0 


These data are representative of the incidence of 
adverse effects that may be observed in a properly 
selected hypertensive patient population, e.g., a group 
excluding patients with bronchospastic disease, con- 
Кө heart failure, or other contraindications to beta- 

locker therapy. These adverse reactions can also occur 
in patients with coronary artery disease. 

п а different ша the coronary artery disease 
population, studied in the Norwegian multicenter trial 
(see CLINICAL PHARMACOLOGY), the frequency of the 
principal adverse reactions and the frequency with 
which these resulted in discontinuation of therapy in the 
timolol and placebo groups were: 

Adverse Reactiont — Withdrawalt 
Timolol Placebo Timolol Placebo 
(n—945) (n —939) (n— 945) (п =939) 

% % % % 


Asthenia or Fatigue 5 1 <1 <1 
Heart Rate 

<40 beats/minute 5 <1 4 <1 
Cardiac Failure — Nonfatal 8 7 3 2 
Hypotension 3 2 3 1 
Pulmonary Edema – Nonfatal 2 «1 «1 «1 
Claudication 3 3 1 «1 
AV Block 

2nd or 3rd degree «1 «1 «1 «1 
Sinoatrial Block <1 <1 <1 <1 
Cold Hands and Feet 8 <1 <1 0 
Nausea or Digestive 

Disorders 8 6 1 «1 
Dizziness 6 4 1 0 
Bronchial Obstruction 2 «1 1 «1 
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TWhen an adverse reaction recurred in a patient, it is listed 
only once. 

Only principal reason for withdrawal in each patient is listed. 
These adverse reactions can also occur in patients treated for 
hypertension. 


The following additional adverse effects have been 
reported in clinical experience with the drug: Body as a 
Whole: extremity pain, decreased exercise tolerance, 
weight loss; Cardiovascular: cardiac failure, cerebral 
vascular accident, worsening of angina pectoris, wors- 
ening of arterial insufficiency, Raynaud's phenomenon, 
palpitations, vasodilatation; Digestive: gastrointestinal 
pain, hepatomegaly, vomiting, diarrhea, dyspepsia; 
Hematologic: nonthrombocytopenic purpura; Endo- 
crine: hyperglycemia, hypoglycemia; Skin: rash, skin 
irritation, increased pigmentation, sweating; Muscu- 
loskeletal: arthralgia; Nervous System: local weakness; 
Psychiatric: depression, nightmares, somnolence, 
insomnia, nervousness, diminished concentration, hal- 
lucinations; Respiratory: cough; Special Senses: visual 
disturbances, diplopia, ptosis, dry eyes; Urogenital: 
impotence, urination difficulties. 

here have been reports of retroperitoneal fibrosis in 
patients receiving timolol maleate and in patients receiv- 
ing other beta-adrenergic blocking agents. A causal rela- 
tionship between this condition and therapy with beta- 
adrenergic blocking agents has not been established. 

Potential Adverse Effects: In addition, a variety of 
adverse effects not observed in clinical trials with BLOCA- 
DREN® (Timolol Maleate, MSD), but reported with other 
beta-adrenergic blocking agents, should be considered 
potential adverse effects of BLOCADREN: Nervous Sys- 
tem: reversible mental depression progressing to catato- 
nia; an acute reversible syndrome characterized by 
disorientation for time and place, short-term memory 
loss, emotional lability, slightly clouded sensorium, and 
decreased performance on neuropsychometrics; Cardio- 
vascular: intensification of AV block (see CONTRAIN- 
DICATIONS); Digestive: mesenteric arterial throm- 
bosis, ischemic colitis; Hematologic: agranulocytosis, 
thrombocytopenic purpura; Allergic: erythematous 
rash, fever combined with aching and sore throat, laryn- 
gospasm and respiratory distress; Miscellaneous: 
reversible alopecia, Peyronie's disease. Multisystem 
syndrome reported with practolol. 

Clinical Laboratory Test Findings: Slight increases in 
blood urea nitrogen, serum potassium, and serum uric 
acid, and slight decreases in hemoglobin and hemato- 
crit occurred, but were not progressive or associated 
with clinical manifestations. 183 (DC7117616) 


SD For more detailed information, consult your 
Mugs MSD Representative and the Prescribing 





Information. Merck Sharp & Dohme, Division of 


M o. zi» 


IUSTO SC WAY 
eate Placebo - 


Merck & Co., Inc., West Point, PA 19486. J3BL19 (616) _ 













ET s SFO DUE: GS I 7 * Samu рд, =e 





YN UR BEE ae YS | . SAM Г. тулт E 
a قرست‎ bi а Р РМ? \ Т a ТО А о ра" FIRAT E INEST ТТ ee сүт EOE TFT к» TEL ae. 4 
Ф 2 - x - LF l {9 те { # УУ, 3 yt Г "i 5t AE ¬ Ls mi a Ул Ay Ў Ма ж, Ts ip EE K | c TE AEST €" 
| f А ү : 7 ы à E $ ТҮ, ( Rs ъ= TNT - - „7 Uu FI PETY x Г f ^. ^ d a ы? 4 Tw | uer + я 
c P. 8 ' м : 2 - =, 1 ^ -— 2 , ^ 7 1 JA k ы 
- І ` - 
à 


catheterization. Six risk factors were analyzed: total pack-years, current packs smoked per day, age, gender, 
family history and symptomatic status. Total pack-years, but not current packs per day, is a significant indepen- 
dent risk factor for the development of CAD. This was true in every age group up to but not older than age 70. Al- 
though the overall risk was less in younger patients and in patients with less typical symptoms, the relative risk 
in cigarette smokers relative to pack-years was consistently greater. The risk of total life consumption of ciga- 
rettes is thus greater than has heretofore been realized. 


673 Coronary Angioplasty: Clinical and Angiographic Follow-Up 


STEWART LEVINE, CAROLYN J. EWELS, DOUGLAS R. ROSING, and KENNETH M. KENT 


Of 251 patients who underwent successful percutaneous transluminal coronary angioplasty (PTCA) from Febru- 
ary 1979 to May 1983, 86% are clinically stable nearly 2 years later. Although recurrent symptoms after PTCA 
were most often due to restenosis, coronary spasm and progression of disease in other vessels were also identi- 
fied. Most patients with restenosis were successfully managed with repeat PTCA. Higher inflation pressures 
achieved during PTCA may result in less symptomatic restenosis. 


677  Paradoxical Deterioration of Left Ventricular Asynergy After Administration of Nitroglycerin 


CHUWA TEI, KENNETH CHIN, G. VIJAYARAGHAVAN, CHESTER M. BOLTWOOD, and 
PRAVIN M. SHAH 


The effects of nitroglycerin on segmental asynergy were studied by 2-dimensional echocardiography in 45 pa- 
tients with coronary artery disease: 31 had abnormal Q-wave and 14 had ST-T changes induced by treadmill ex- 
ercise test. Left ventricular (LV) 2-dimensional echocardiograms were recorded from the LV apex in 4 planes 
at 45? intervals around the mitral orifice, using a mechanical device. A total of 16 LV segments were analyzed 
in each patient on real-time display by 2 observers. Of 720 segments, 596 (8396) were agreed on by 2 observers 
in the assessment of wall motion before and after administration of nitroglycerin: 334 segments (56 %) did not 
show any change in wall motion; in 206 segments (35%), improvement of wall motion was observed, and in 56 
segments (996) worsening of myocardial asynergy was observed after administration of nitroglycerin. These 
data suggest that administration of nitroglycerin may result in unexpected worsening of segmental asynergy. 


680 Clinical and Hemodynamic Evaluation of Propranolol in Combination with Verapamil, Nifedipine and 
Diltiazem in Exertional Angina Pectoris: A Placebo-Controlled, Double-Blind, Randomized, Crossover 
Study 


DONALD L. JOHNSTON, ROBERT LESOWAY, DENNIS P. HUMEN, and WILLIAM J. KOSTUK, With the 
technical assistance of PAMELA MICKLE 


There have been few long-term studies comparing combined calcium channel and -receptor blockade therapy 
for the treatment of exertional angina pectoris. The clinical and hemodynamic effects of propranolol, propran- 
olol-verapamil (P-V), propranolol-nifedipine (P-N) and propranolol-diltiazem (P-D) were studied in 19 patients 
with chronic exertional angina using a placebo-controlled, double-blind, randomized, crossover study design. 
Combinations equally reduced the incidence of angina attacks and improved exercise left ventricular function. 
Heart size increased and the PR interval lengthened with P-V and P-D compared with P-N. The largest number 
of adverse clinical reactions occurred with P-V, whereas the fewest occurred with P-D. Nearly all patients pre- 
ferred combined therapy over P and many favored 1 combination over the others. When therapy with combined 
В and calcium channel blockers is planned, P-D should be considered first because of its low incidence of ad- 
verse clinical effects. In the presence of possible or definite abnormalities of atrioventricular conduction or 
decreased LV function, P-N should be used. A trial with P-V may be warranted if the other combinations are 
unsuccessful. 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


689 Day-to-Day Reproducibility of Responses to Right Ventricular Programmed Electrical Stimulation: 
Implications for Serial Drug Testing 
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CRAIG A. McPHERSON, LYNDA E. ROSENFELD, and WILLIAM P. BATSFORD 


The day-to-day reproducibility of responses to right ventricular programmed electrical stimulation was analyzed 
in 77 patients, who were each studied twice in the baseline state. Overall, ventricular tachycardia (VT) was re- 
produced in 8096 of patients. In patients in whom VT was initially inducible with 1 or 2 programmed electrical 
stimuli, VT was significantly more reproducibly inducible than in those who required 3 or more stimuli for initial 
VT induction (9596 vs 5696, p <0.001). Among patients who had inducible VT at both studies, the stimulation 
mode required to induce VT at the second study increased in 3596. The potential clinical and pathophysiologic 
implications of these observations are discussed. 
Continued on page A26 
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BRIGITTE ESCOUBET, PHILIPPE COUMEL, JEAN-MARIE POIRIER, PEIRRE MAISON-BLANCHE, 
PATRICE JAILLON, JEAN-FRANCOIS LECLERCQ, PHILIPPE MENASCHE, GEORGES CHEYMOL, 
ARMAND PIWNICA, GEORGES LAGIER, and ROBERT SLAMA 


The antiarrhythmic effect of a single oral dose of amiodarone (30 mg/kg) occurred within 3 to 8 hours and lasted 
for as long as 17 to 19 hours. Plasma concentrations increased to 2.2 + 1.7 mg/liter (mean + standard devia- 
tion) at 6 + 3.5 hours for amiodarone and 0.2 + 0.08 mg/liter at 12 + 6.4 hours for N-desethylamiodarone 
(NDA). Maximal myocardial concentration of amiodarone was 17 + 11 mg/kg after 24 hours, and NDA increased 
progressively over 4 days. The myocardial-to-plasma concentration ratio was similar in the right atrium and in 
the left ventricle and was 22 + 13 for amiodarone and 9.4 + 7 for NDA. Amiodarone plasma concentration of 
1.5 mg/liter was correlated with the onset of the antiarrhythmic effect on ventricular premature complexes and 
on atrioventricular conduction (r = 0.74, p «0.001 andr = 0.58, p <0.001). These data suggest that the antiar- 
rhythmic effect of a single oral 30-mg/kg dose of amiodarone can be achieved within hours for an amiodarone 
plasma concentration of 1.5 to 2 mg/liter and a myocardial concentration of 10 to 20 mg/kg. 
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Electrophysiologic Evaluation апа Follow-Up Characteristics of Patients with Recurrent Unexplained 
Syncope and Presyncope 


JOHN U. DOHERTY, DARLENE PEMBROOK-ROGERS, E. WAYNE GROGAN, RITA A. FALCONE, 
ALFRED E. BUXTON, FRANCIS E. MARCHLINSKI, DENNIS M. CASSIDY, MICHAEL G. KIENZLE, 
JESUS M. ALMENDRAL, and MARK E. JOSEPHSON 






One hundred nineteen patients with unexplained syncope (82%) or presyncope (18%) were studied. Symptoms 
were recurrent in 72% of patients. Fifty-two percent of patients had structural heart disease. Forty-one patients 
had a normal electrophysiologic study (EPS) and 78 patients had electrophysiologic abnormalities (ventricular 
tachycardia in 31, induced atrial flutter/fibrillation in 17, vasovagal syncope in 8, hypersensitive carotid sinus 
syndrome in 7, supraventricular tachycardia in 6, heart block in 5 and sick sinus syndrome in 4). The presence 
of structural heart disease (p = 0.0033) and previous myocardial infarction (p = 0.05) were predictive of a posi- 
tive EPS. Therapy was guided by EPS and the patients followed. Seventy-six percent of the EPS-negative group 
and 68% of the EPS-positive group remained symptom-free at follow-up. No clinical variables predicted remis- 
sion in the absence of therapy. Sudden death occurred in 4% of the EPS-negative group and 6 % of the EPS-pos- 
itive group. Thus, certain clinical characteristics help select patients for EPS. Therapy guided by EPS is associ- 
ated with a recurrence and sudden death rate similar to an untreated control group. EPS helps identify a subgroup 
3 of patients with a low risk of recurrence and sudden death in the absence of therapy. 
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709 Value of Holter Monitoring in Identifying Risk for Sustained Ventricular Arrhythmia Recurrence on 
EC . Amiodarone 


FRANCIS E. MARCHLINSKI, ALFRED E. BUXTON, BELINDA T. FLORES, JOHN U. DOHERTY, 
HARVEY L. WAXMAN, and MARK E. JOSEPHSON 
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Seventy-four patients with sustained ventricular tachyarrhythmias underwent Holter monitoring before and after 
11 + 6 days of amiodarone. On control Holter monitoring, 55 patients (group 1) had frequent or complex ventricu- 
lar ectopic activity (VEA) and 19 patients (group 11) had infrequent and simple VEA. A positive Holter monitor re- 
sponse to amiodarone, defined as a decrease in VEA, occurred in 34 patients (62%) in group |. During follow-up, 
22 patients (30%) had ventricular tachycardia (VT) or died suddenly. In group |, 6 of 34 (18%) patients with a 
positive Holter monitor response and 11 of 21 (52%) patients with a negative Holter monitor response had VT 
or died suddenly (p <0.01). Thus, in patients with sustained ventricular tachyarrhythmias, (1) VEA too infrequent 
to index a response to amiodarone will be present in 25% of patients; (2) amiodarone is usually effective in sup- 
pressing frequent and complex VEA; (3) abolition of complex and frequent VEA with amiodarone therapy pre- 
dicts control of sustained arrhythmia; and (4) failure to suppress VEA does not preclude control of sustained 
arrhythmias. 


Catheter Mapping During Sinus Rhythm: Relation of Local Electrogram Duration to Ventricular 
Tachycardia Cycle Length 


DENNIS M. CASSIDY, JOSEPH A. VASSALLO, ALFRED E. BUXT ON, JOHN U. DOHERTY, 
FRANCIS E. MARCHLINSKI, and MARK E. JOSEPHSON 


related with mean cycle length of VT in patients with chronic coronary artery disease using linear regression 
analysis. None of these groups exhibited on 
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Johnson & Johnson has reshape ў 
the future of Ultrasound. 


The formation of Johnson & Meridian" is the phased array 
Johnson Ultrasound Inc. has in- 2-D imaging and Doppler system 
troduced a new philosophy that brings to the everyday prac- 
concerning the field of echocar- tice of medicine virtually all that 
diography. This philosophy of is known in echocardiography, 
commitment to technological in one single cardiodiagnostic 
innovation, to quality and re- center. Continuous Wave, 
liability, and to continuous Pulsed Wave and High-PRF 
product refinement is embodied Doppler have been functionally 
in the form of Meridian? integrated with our new 


© Johnson & Johnson Ultrasound Inc., 1985. АП rights reserved. 


Dynamic Range Doppler 
simultaneously, Meridian" dis- 
plays smooth, real-time, two- 
dimensional images of extraordi- 4 
nary quality, utilizing the break- 
through technology of Parallel 
Processing. 

This is the future of ultra- 
sound, reshaped by Johnson & 
Johnson in the form of the 








Meridian? This complete non- 
invasive diagnostic center prom- 
ises to be the most cost-effective 
f means of acquiring, analyzing 
and reporting cardiodiagnostic 
data for many years to come. 

For complete information on 
the clinical capabilities of 
Meridian?” please fill out and send 
to us the request form provided. 


The complete noninvasive cardiodiagnostic center 


| IREX Cardiology Group 
| 69 Spring St., Ramsey, NJ 07446 


| Please send information 
| concerning: 

! О Imaging capabilities 

| of Meridian" 

| О Doppler capabilities 

| of Meridian" 


L. 





ULTRASOUND 
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See us at the ACC Booth No. 1518 
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Henge This дек Pres Cam suggests that local electrogram duration recorded adi hus viti does not 
represent the manifestation of slow conduction in a VT circuit. This finding, therefore, provides additional sup- 

port that catheter mapping during sinus rhythm does not give sufficient information to guide localized endocar- 


dial resection for VT surgery. 






ec cbr from Ventricular Origin in Wide QRS Tachycardia 


JOHN DONGAS, MICHAEL H. LEHMANN, REHAN MAHMUD, STEPHEN DENKER, JOGINDER SONI, and 
MASOOD AKHTAR 


The relation between the morphologic configuration of QRS complexes during wide QRS tachycardia vs sinus 
rhythm was examined in 18 patients who had preexisting right or left bundle branch block and who had sustained 
supraventricular tachycardia (SVT) or sustained monomorphic ventricular tachycardia (VT), or both, induced dur- 
ing electrophysiology studies. In 8 of 9 cases of SVT, 4 of 4 observers judged representative QRS complexes 
during tachycardia and sinus rhythm identical in morphologic pattern. In the other case of SVT, 2 observers 
found the complexes identical and 2 found them similar (but not identical). In 11 of 12 cases of VT, 4 of 4 observ- 
ers found representative QRS complexes during tachycardia and sinus rhythm morphologically different. In the 
remaining case of VT, 3 observers found the complexes different, whereas the fourth found them similar (but not 
identical). The results of this study establish the usefulness of preexistant bundle branch block in the electrocar- 
diographic differentiation between SVT with aberrancy and VT. 


SYSTEMIC HYPERTENSION 


Immediate Hemodynamic Effects of Urapidil in Patients with Essential Hypertension 47 


ISAAC KOBRIN, CELSO AMODEO, HECTOR O. VENTURA, FRANZ H. MESSERLI, and 
EDWARD D. FROHLICH 


The systemic, renal and splanchnic hemodynamics as well as certain reflex and endocrine responses were de- 
termined in 10 patients with essential hypertension before and after intravenous administration of urapidil, a new 
antihypertensive agent that acts through both central and peripheral a-adrenergic inhibitory mechanisms. The 
reduction in mean arterial pressure by 12% (from 103 + 3 to 91 + 6 mm Hg, p <0.05) was mediated through a 
decreased total peripheral resistance index (from 34 + 2 to 25 + 3 U/m?, p <0.01) that was associated with a 
significant reflexive increase in cardiac index, heart rate and serum norepinephrine level. This hypotensive ef- 
fect was also associated with blunted Valsalva overshoot and orthostatic hypotension, suggesting peripheral 
arteriolar and venular dilation. Renal and splanchnic blood flows increased (p <0.05), resistances in these vas- 
cular beds decreased (p <0.01), and there were no changes in creatinine clearance or glomerular filtration 
fraction. Thus, urapidil administered intravenously reduced arterial pressure by decreasing total peripherai, 
renal and splanchnic resistances, associated with maintained organ flows and increased heart rate and 
cardiac index. 


CONGESTIVE HEART FAILURE 


Acute Dose Range Study of Milrinone in Congestive Heart Failure Уй 


SPENCER Н. КОВО, ROBERT J. CODY, KANU CHATTERJEE, CHARLES SIMONTON, 
HOWARD RUTMAN, and DANIEL LEONARD 


To determine the magnitude and time course of the optimal acute hemodynamic response to oral milrinone, an 
ascending dose-range study was performed in 34 patients with severe chronic congestive heart failure (2.5 to 
10 mg, n = 21; 7.5 to 15 mg, n = 13). With the 7.5- and 10-mg doses in both groups, cardiac index increased 
26 76, pulmonary wedge pressure decreased 25 % and systemic vascular resistance decreased 2096, with peak 
effect at 90 minutes. The hemodynamic improvement with 10 mg was sufficient to normalize cardiac index in 
29% of patients. There was a clear dose-response relation, with the largest increases of cardiac index seen with 
the 15-mg dose (from 1.67 + 0.10 to 2.31 + 0.11, p <0.005). This dose-response relation was confirmed by the 
correlation of drug levels and change in cardiac index. However, some patients had significant hypotension and 
tachycardia with the 15-mg dose. Thus, although 10 mg appears to be optimal for most patients, the dose of mil- 
rinone should be individualized for all patients. 


VALVULAR HEART DISEASE 


Long-Term Results of Open Mitral Valve Reconstruction for Mitral Stenosis 1 


LAWRENCE H. COHN, ELIZABETH N. ALLRED, LESLIE A. COHN, VERDI J. DISESA, 
RICHARD J. SHEMIN, and JOHN J. COLLINS, Jr. 


From January 1972 to January 1984, 120 consecutive patients underwent open mitral valvuloplasty for rheumat- 

ic mitral stenosis. All operations were done on cardiopulmonary bypass patients and included double commissu- D 
VES  rotomy, RR sts melons, onae of the chordae and calcium removal in bel patients. ee Pray d 
me ү. m AEA AS E а. EUM EMT ires on page A37. we je ciae d ' Ti MEM ts i ALME 9 
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The unique single-entity 3 1 
blocker/dilator for hypertension = 
Tablets (labetalol HCD 


Beyond beta blockers—also acts asa 4 
- vasodilator to lower blood pressure. 3 
Beyond vasodilators- acts as a beta 


blocker to blunt excessive cardiac 3 
response to exercise in hypertensives. — 
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Я, ` INDICATIONS AND USAGE 
t iu NORMODYNE (labetalol НСІ) Tablets are indicated in the man- 
АУ. | agement tof hypertension. NORMODYNE Tablets may be used alone or 
09 in combination with other antihypertensive agents, especially thiazide 
Pon and loop diuretics. 


" ‘CONTRAINDICATION INS 

NORMODYNE (labetalol НСІ) Tablets are contraindicated in bron- 
, overt cardiac failure, greater than first heart block, 
ic shock, and severe bradycardia. (See W. GS.) 


| WARNINGS 
| - n .. Cardiac Failure Sympathetic stimulation is a vital component sup- 
nc ерес gi Beta blockade 
| ; 2 c a potential hazard of further depr ocardial contractili 
ам. itating more severe эку” аон h era. blockers should 
e койы overt congestive heart failure, if necessary, labetalol HCl can 
DS. Кеше! with caution in patients with a history of heart failure who are 
[ls failure has been observed in 
ol HCL. Labetalol am does not abolish the 


m 
ized and/or be given a s mise and 
observed closely. Tum uc failure we tent ien depes ade 
igitalization and mange tae aS Cl) 
Withdrawal 


be with ually aly psi ise 


d ion of Ischemic 
Карек has not кен ее n rine Tn discontinua- 
- . tion. However, hypersensitivity to catec lamines has been observed in 
|. patients withdrawn from beta-blocker tion of angina 
ye germ m ссн infasttion have accurted after abut dis- 
on of such . When discontinuing chronically adminis- 

` tered NORMODYNE (labetalol НСІ), оныт in patients with 
. ischemic heart disease, the y reduced over a 

E to two two weeks and the patient Sorat be be i, moni- 
worsens ог acute coronary insufficiency devel- 
ol ir ا‎ ттр ре should be 


ет Measures appropri- 


labe 
forh ension. 
Nd chronic bronchitis and 


n awar ques e disease should, i ral, 
oe Dro, ү in gene 
lockers. NORMODYNE may be used with caution, 
Тее їп Ten who do not respond to, or cannot tolerate, o 
зг ive agents. It is prudent, if NORMODYNE is used, to use 
2 the smallest effective dose, so that inhibition of endogenous or exoge- 
^ nous beta-agonists is minimized. 
. Pheochromocytoma Labetalol НСІ has been shown to be effective in 
nta the blood pressure and relieving s wen in patients with 
. However, paradoxical hypertensive responses have 
ina few patients with this eda. Lg or Maly use caution 


labetalol НСІ to patients with ph ma 
Beta-adrenergic blockade may 


premonitory signs and symptoms (e. x y- 
_ Gals) of acit 1 ia. This is especiall important with labi 
cs. Beta- blocks also reduces the ага of insulin in x 


mia; it may therefore be necessary to adjust the dose of anti- 


"Major Surgery The necessity or desirability of withdrawing beta- 
oars therapy prior to major surgery is controversial. Protracted 
severe hypotension and difficulty in poing or aln y xpi a heart 
beat have been reported with beta-blockers. labetalol 

D. o adrenergic activity has not been eva re kn er 
— . Asynergism between labetalol НСІ and halothane anesthesia has 
_ been shown (see Drug Interactions). 


E: | PRECAUTIONS 
UR ES General | Hepatic Function NORMODYNE (labetalol НСІ) 
- — — — Tablets should be used with caution in petenti vih impaired hepatic , 
VEM ` function since metabolism of the drug may be 
EO "Jaundice or Hepatic nr ek reg ET 
_ been associated with jaundice (both hepatic and cholestatic). It is there- 
` fore recommended that treatment with labetalol НСІ be stopped 
. immediately, should a patient develop jaundice or laboratory evidence of 
` liver injury. Both have been shown to be reversible on stopping therapy. 
b .. Information for Patients 

= Aswith all drugs with beta-blocki activity, certain advice to 
cU treated with labetalol НСІ is warranted. This ang re 


ңү: e 
*R p Ii oris) has report 
Teu En Tablets should not be interrupted or a быс with- 
796 ha арр 


consult а | physician. at any sign of i cardiac 
Also, transient scalp tingling may occur, usually when treat- 
КЕРЛЕР Tablets is initiated (see ADVERSE 


Tests 

EN oq given over longed periods, laboratory 
E «рка eres over regular intervals, In patients with 
concomitant illnesses, as impaired renal tion, appropriate tests 
а ditions. 


y. 
ak 


< a. 


А one survey, 2.3% of patients РЕ labetalol НСІ in Баео 
Ке ла with tricyclic antidepressants tremor as compared to 0.7% 
. reported to occur with labetalol Cl alone. The contribution of each of 
. the treatments to this adverse reaction is unknown but the possibility of 
s interaction cannot be excluded. 
е ng у кро Жш i сап И: the o irati 
-receptor agonist in patients wi 
Cani: dose of beta- 


"va ek a 
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wi xossibility vraie des dg Ea salu. aer 
| venous - m) 80 90 12 ожо 
1 áo ГЭ T 1 5 TOM TUN we "N 
n : tachycardia pr eed 5 : ` Dizziness # ER 0 A E ud DB Hm Др 
4 "rt thout рге" ntr 1 Oter t ct 1а} lis E } 4 ue + , 5 yh 3 1T ә 6 ү A 
\ nitroglycerin in patients with angina pectoris, additional anti- Ж 4 0 TT 754. idi 
ke су) Lii Mess 3 TX E Vomiting Si $ } : А is 
Test Interactions 4 
клм үгү СЧ ВАА ta ТЕЕ 1 1 2 5 а 
falsely increased levels of when measured bya - Nasal Stuffiness 2 2 4 5 6.4 
trihydroxyindole ( НІ) reaction. In screening patien Ejaculation Failure 3 0 4 3 $5. 
e of having a being treated with labetalol Impotence 2 4 3 4 3 
CI, specific tic or high performance: liquid chromatogra- Edema 1 0 1 z 2 
phy assay techniques should be used to determine levels of catecho 
i th 28 addition, а number of other less common adverse events have 
amines or metabolites. 
REV of F ae gi aah кы дыны pv Жы ^ 
tagenesis, Impairment and Peripheral Nervous Systems 
for? oral dosing studies with with nonjol на r 18 Бае лон) se Paresthesias, most frequently described as tingling. In most cases, _ 
Studies with labetalol НС, using dominant led lethal aay зо in rats and ru ры ac e Кайа оС 
mice, and exposing microorganisms according modified Ames tests, mm COM ANB). E I мезан acai mn fa 
no erence of писаратон atic ee pes ae a wits | 
Category C ithout jaundice. Musculo- cramps; toxic 1 
togenic studies have been performed with labetalol in rats and SUN NA reda t Skeletal System раже аф: 
rabbits at oral doses ир to ximately 6 and 4 times the maximum ves aigu such as generalized maculo- ichenoid; 
recommended human dose (MRHD), ес каз Мо ucible evi- urticarial; bullous lichen planus; psoriaform; facial e a; Peyronie’ s 
dence of fetal malformations was observed. Increased feta ; reversible alopecia. Urinary System Difficulty їп micturition 
e seen in юй species + on ting the MRH MRHD. There a ме includinit acite dit енка bldder retention. i 
uate and well-con ies in pregnant women. Labetalo lowing 4 
should — Loc pregnancy only if the potential benefit justifies the Mir eni se survey volving арр ттн 680 pa ماد چ‎ m 
тоаг e e Effects of this ae indicate that the type, pater geld s opr Prose 
Infants of mothers who were treated with labetalol НСІ for hı effects were comparab to those cited above. 
don бгр pregnancy did not appear to be adversely affected by the Potential Adverse Effects 
drug. Oral administration of labetalol to rats during lat pestis In addition, other adverse effects not listed above have been 
о retinet caused a decrease in reported with other beta-adrenergic bloc t. 
T: Central Nervous дунан here o xe р pon" to 
Labetalol HCl given to pregnant women with hypertension did not fortime end place, chert tet syndrome characterized у disorientation 
Mn di to affect the usual course of labor and delivery. clouded коюн and dec д mene тык оп ate ко ГЫ 
Intensification of AV 
go pease amounts of labetalol (аршин 0.004% of the maternal See CONTRAINDICATI ATIONS. 
dose) are excreted in human milk. Caution should be exercised when Fever combined with aching and sore throat; laryngospasm; 
NORMODYNE Tablets are administered to a nursing woman. respiratory di 
ейи Use " ic Agranulocytosis; thrombocytopenic or nonthrom- 
and effectis in children ha been established. bocytopenic purpura. 
ty ectiveness in ve not esta Gas 2 rs РДЫ ا‎ is ischemie clits 
ADVERSE REACTIONS oculomucocutaneous associated wi blocker 
Most adverse effects are mild, transient and occur early in the course practolol has not been reported with labetalol НСІ. 
of treatment. In controlled clinical trials of 3 арат es dis- Clinical laboratory tests: There have been reversible increases of y 


continuation of NORMODYNE (bienio HCI) Tablets due to one or 
more adverse effect was ded in 796 of all patients. In these same 
trials, ari qu ROCHE DNE га led to паела in 8 to 10% of 
patients, a centrally acting "agonist in patients. 

Thei rates of adverse reactions listed in the following table 
чоч; = Jani —— Vos pem саха trials porti 

P metopro propranolol, over treatment 
of 3 and 4 months. Where the frequency of adverse effects for labetalol 
НСІ and placebo is similar, causal relati 
are based on adverse керсе considered Bhi шлам by the the 
investigator. If all reports placed the rara rates higher 
(e.g., dizziness 20% nau: nausea еа 14%, Экс 11%), е арни overall mm 
unchanged. 


sions are 


Labetalol HCl Placebo jos Metoprolol 
(N=227) (N-98  (N-84 (№=49) 
% % % % 
Body spn 0 12 12 
tigue 
asthenia 1 1 1 0 
headache 1 1 2 
Gastrointestinal 
nausea 6 1 1 2 
vomiting «1 0 0 0 
кзы pa 0 0 | 2 
diarrhea Pug si 0 2 0 
taste distortion 0 0 0 
мы nas. Peripheral Nery Systems : { å 
pushes 2 i 0 0 0 
<1 2 2 2 
р» Nervous System 
nasal stuffiness 3 0 0 0 
ejaculation failure 2 0 0 0 
impotence 1 0 1 3 
increased sweating <1 0 0 0 
E iu: ri 
ension 
E 0 0 5 12 
iratory 
Koo 1 0 1 2 
Skin 
rash 1 0 0 0 
Special Senses 
vision abnormality 1 0 0 0 
vertigo 2 1 0 0 
The adverse effects were caet taneously and are repre- 
sentative of the incidence of that may be observed in a 
selected hypertensive patient population, i.e., a group exclud- 
ing patients with overt congestive heart failure, 
or other contraindications to leas tiak the 
Clinical trials also included studies utilizi cng daily d doses up to 
2400 mg in more severely hypertensive patients. Certa i side 
effects i with increasing dose as shown in the table below which 
depicts the entire М0), S. therapeutic trials data base for adverse reactions 
that are clearly or possibly dose related. 
200 300 400 600 
522 181 606 608 
2 3 3 3 
2 1 + 4 
<1 0 1 2 
0 0 «I <1 
1 0 2 1 
2 0 2 2 
1 1 2 E 
0% 27; locnm 
ES EHE TS 
y yes р Aa 1 
x y 
T Sic AE o 





serum transaminases in 4% of patients treated with labetalol HCl and 
tested, and more rarely, reversible increases in blood urea. 


OVERDOSAGE 
Overdosage with NORMODYNE ( labetalol НСІ) Tablets causes 
excessive hypotension which is 


be employed if necessary: 
administer atropine (3.0 mg). If there is no to vagal 
anister laopenterenol cons pay, Coc faae — administer adi | 


isoprotereno 
e Penis са а he a fe ree 


ped Bc iy cuti the Tes of choice. 
s Т agent and/or а 


ion t mold from ced жоошун гыла eb, a e е 

oral LDso value of labetalol НСІ in the mouse is approximately 
ID the rat is greater than 2 gm/kg. The intravenous LDso 
in these species is 50 to 60 mg/kg. | 
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WITH UNMATCHED IMAGE QUALITY. The same image quality 

Biosound has perfected and maintained for many years 

becomes immediately nt with the clear, crisp echo 

data shown on the ND2600. 2D and M-Mode image that is a 

result of fully int ed system design assures performance 

> consistency from innovative probe technology to high 
resolution video display. 


WITH NORMALIZED™ DOPPLER. Localization of regurgitant 
jets, quantitation of valvular stenosis and vascular duplex 
scanning are three major clinical reasons to upgrade your 
- ultrasound procedure to include Doppler. Pulsed and CW 
Doppler with a number of operator selectable display 
formats are available with the new ND2600. Superior 
spectral display of blood velocities and 200 per second 
Doppler sample rate are combined in an easy to use 
system insuring exceptional quantitative Doppler 
information for all cardiovascular procedures. 


WITH COMPACTNESS AND MOBILITY. The new ND2600 is the 
smallest full featured cardiovascular 2D echo system you 
can find. A truly integrated design provides for every option 
уои need. Now and in the future. The low profile system 
allows unparalleled ease of movement. It represents the 
ultimate in operator convenience from versatile multilevel 
- alphanumeric keyboard to unique display and control 
. panel that swivels +135 degrees from center. Optimized for 





Research & Development Facility, Denver, CO 


Build your 
diagnostic 
confidence 
on your new 


ND2600... 
year after year... 








left or right hand scanning. 

WITH POWERFUL ADVANCED ARRAY PROCESSOR DESIGN. The 
computer controlled software based ND2600 with 16-bit 
microprocessor and exclusive patented array processor 
gives more computer power than conventional hardware 


based systems. es 10 to 100 times faster clinical data 
analysis. Multiple measurements can be made on the same | 
data accurately. Up to 26 per image. 2D, M-Mode or 

Doppler flow measurements can be easily and rapidly 
performed. 

WITH A COMPLETELY UPGRADEABLE SYSTEM that allows 
expansion of capability instead of size. ND2600 life isn't 
restricted by hardware configuration. The software based 
fully integrated design assures no change in physical 

system size regardless of the options you add. 

WITH THE BIOSOUND COMMITMENT to continuing product 
innovation, solid support and thorough user education. ү: 
Continue to build your diagnostic confidence year after | 
year. Clinically proven technology combined with a 2 
dedicated direct field service staff and an extensive 

customer training and support program ате all part of the · 
benefits that come with an ND2600 system. Talk to us. Better . 
yet, talk to a Biosound user. We'd like to show you whya 
Biosound ND2600 will be the only Duplex System you'll have > 
to purchase for a long time. d 


The only system youll have to 
purchase for a long time. 


Biosound, Incorporated 

A subsidiary of Andersen Group, Inc. 
6405 Castleway Court, P.O. Box 50867 
Indianapolis, IN 46250 


(317) 849-1793 (800) 428-4374 
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—the potassium your patient needs: 
slowly, gradually, dependably” : 


ina wax m«tiix designed for gradual KC! dispérsal 
through the GI tract, minimizing hightecal concentrations 


“е right salt 


whith provides potassium-and-the-eSsential chloride'ion 


x 


3 


the right-taste 


unlike liquids, there is no taste or aftertaste 


^. —the right price 


under 25€ a day for the average patient’ 


` Slow-K 


~ potassium chloride 
Slow-release tablets 8 mEq (600 mg) 


50 million new and refill U.S. prescriptions since 1975 


“Capsule or tablet slow-release potassium-chlóride preparations should be 
reserved for patients who cannot tolerate, refuse to take or have compli- 
ance problems with liquid or effervescent potassium preparations, 
because of reports of intestinal and gastric ulceration and bleeding with 
slow-release KCl preparations. 


Y 
Betore prescribing, please consult brief Prescribing Information on ( i | ? 
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SLOW-K* potassium chloride slow-release tablets 
Brief Summary of Prescribing Information 
DESCRIPTION 

Slow-K is a sugar-coated (not enteric-coated) tablet containing 600 mg potas- 
sium chloride (equivalent to 8 mEq) in a wax matrix. This formulation is intended 
to provide a controlled release of potassium from the matrix to minimize the 
likelihood of producing high localized concentrations of potassium within the 
gastrointestinal tract. 

INDICATIONS 

BECAUSE OF REPORTS OF INTESTINAL AND GASTRIC ULCERATION AND 
BLEEDING WITH SLOW-RELEASE POTASSIUM CHLORIDE PREPARATIONS, 
THESE DRUGS SHOULD BE RESERVED FOR THOSE PATIENTS WHO 
CANNOT TOLERATE OR REFUSE TO TAKE LIQUID OR EFFERVESCENT 
POTASSIUM PREPARATIONS OR FOR PATIENTS IN WHOM THERE IS A 
PROBLEM OF COMPLIANCE WITH THESE PREPARATIONS. 

1. For therapeutic use in patients with hypokalemia with or without metabolic 
alkalosis; in digitalis intoxication and in patients with hypokalemic familial 
periodic paralysis. 

2. For prevention of potassium depletion when the dietary intake of potassium is 
inadequate in the following conditions: Patients receiving digitalis and diuretics 
for congestive heart failure; hepatic cirrhosis with ascites; states of aldosterone 
excess with normal renal function; potassium-losing nephropathy, and certain 
diarrheal states. 


3. The use of potassium salts in patients receiving diuretics for uncomplicated . 


essential hypertension is often unnecessary when such patients have a normal 


dietary pattern. Serum potassium should be checked periodically, however, and, ` 


if hypokalemia occurs, dietary supplementation with potassium-containing 
foods may be adequate to control milder cases. In more severe cases supple- 
mentation with potassium salts may be indicated. 

CONTRAINDICATIONS 

Potassium supplements are contraindicated in patients with hyperkalemia since 
a further increase in serum potassium concentration in such patients can pro- 
duce cardiac arrest. Hyperkalemia may complicate any of the following condi- 
tions: chronic renal failure, systemio acidosis such as diabetic acidosis, acute 
dehydration, extensive tissue breakdown as in severe burns, adrenal insuffi- 
ciency, or the administration of a potassium-sparing diuretic (eg, spironolactone, 
triamterene). 

Wax-matrix potassium chloride preparations have produced esophageal ulcera- 
tion in certain cardiac patients with esophageal compression due to an enlarged 
left atrium. 

All solid dosage forms of potassium supplements are contraindicated in any 
patient in whom there is cause for arrest or delay in tablet passage through the 
gastrointestinal tract. In these instances, potassium supplementation should be 
with a liquid preparation 

WARNINGS 

Hyperkalemia: In patients with impaired mechanisms for excreting potassium, 
the administration of potassium salts can produce hyperkalemia and cardiac 
arrest. This occurs most commonly in patients given potassium by the intra- 
venous route but may also occur in patients given potassium orally. Potentially 
fatal hyperkalemia can develop rapidly and be asymptomatic 

The use of potassium salts in patients with chronic renal disease, or any other 
condition which impairs potassium excretion, requires particularly careful 
monitoring of the serum potassium concentration and appropriate dosage 
adjustment. 

Interaction with Potassium-Sparing Diuretics: Hypokalemia should not be treated 
by the concomitant administration of potassium salts and a potassium-sparing 
diuretic (eg, spironolactone or triamterene), since the simultaneous administra- 
tion of these agents can produce severe hyperkalemia, 

Gastrointestinal lesions: Potassium chloride tablets have produced stenotic 
and/or ulcerative lesions of the small bowel and deaths. These lesions are 
caused by a high localized concentration of potassium ion in the region of a 


rapidly dissolving tablet, which injures the bowel wall and thereby produces ` 


obstruction, hemorrhage, or perforation. Slow-K is a wax-matrix tablet formulated 
to provide a controlled rate of release of potassium chloride and thus to minimize 
the possibility of a high local concentration of potassium ion near the bowel wall. 
While the reported frequency of small-bowel lesions is much less with wax-matrix 
tablets (less than one per 100,000 patient-years) than with enteric-coated 
potassium chloride tablets (40-50 per 100,000 patient-years),cases associated 
with wax-matrix tablets have been reported both in foreign countries and in the 
United States. In addition, perhaps because the wax-matrix preparations are not 
enteric-coated and release potassium in the stomach, there have been reports of 
upper gastrointestinal bleeding associated with these products. The total num- 
ber of Ies indie lesions remains approximately one per 100,000 patient- 
years. Slow-K should be discontinued immediately and the possibility of bowel 
obstruction or perforation considered if severe vomiting, abdominal pain, disten- 
tion, or gastrointestinal bleeding occurs. 

Metabolic acidosis: Hypokalemia in patients with metabolic acidosis should be 
treated with an alkalinizing potassiurh salt such as potassium bicarbonate, 
potassium citrate, or potassium acetate. 

PRECAUTIONS 

The diagnosis of potassium depletion is ordinarily made by demonstrating 
hypokalemia in a patient with a clinical history suggesting some cause for potas- 
sium depletion. In interpreting the serum potassium level, the physician should 
bear in mind that acute alkalosis per se can produce hypokalemia in the absence 
of a deficit in total body potassium, while acute acidosis per se can increase the 
serum potassium concentration into the normal range even in the presence of a 
reduced total body potassium. The treatment of potassium depletion, particularly 
in the presence of cardiac disease, renal disease, or acidosis, requires careful 
attention to acid-base balance and appropriate monitoring of serum electrolytes, 
the electrocardiogram, and the clinical status of the patient 


. ADVERSE REACTIONS 


The most common adverse reactions to oral potassium salts are nausea, vomit- 

ing, abdominal discomfort, and diarrhea. These symptoms are due to irritation of 

the gastrointestinal tract and are best managed by diluting the preparation 

further, taking the dose with meals, or reducing the dose. 

One of the most severe adverse effects is hyperkalemia (see Contraindications, 

Warnings and Overdosage). There also have been reports of upper and lower 

ракета conditions eh aera DOC DIO. bleeding, ulceration and per- 
ation (see Contraindications and Warnings); other factors known to be associ- 

ated with such conditions were present in many of these patients. Skin rash has 

been reported rarely. 

DOSAGE AND ADMINISTRATION 

The usual dietary intake of potassium by the average adult is 40 to 80 mEq per 


. day. Potassium depletion sufficient to cause hypokalemia usually requires the 


loss of 200 or more mEq of potassium from the total body store. Dosage must be 
adjusted to the individual needs of each patient but is typically in the range of 
20 mEq per day for the prevention of hypokalemia to 40-100 mEq per day or more 
for the treatment of potassium depletion. 

Note: Slow-K slow-release tablets must be swallowed whole and never crushed 
or chewed. 


) C82-58 (Rev 1/83) 
Consult complete product literature before prescribing. 
Dist. by: | 128-7893-А 
С!ВА Pharmaceutical Company 
Division of CIBA-GEIGY Corporation 


Summit, New Jersey 07901 
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The most important 
and best read 


annual publication 
on cardiology. 


What is CARDIOLOGY 1984? 


ÛJ The fourth in an annual series to be published in the 
summer each year — over 750 papers 


ÛJ A review of the year's newest and most important 
developments in cardiology 


ÛJ A multidisciplinary approach to clinical and applied 
research based on an exhaustive search of the year's 
literature 


O A unique, cohesive summary of the state-of-the-art, 
written, not edited, by those making outstanding 
developments in the field 


ÛJ A practical approach to a complicated and fast-moving 
subject designed to be read and used daily 


Cardiology 1984 provides in a concise and readable format 
and style fundamental and new information essential to 
understanding the current thinking on managing car- 
diovascular disease. It coordinates what's new with well 
established data, arming the reader with a perspective on the 
field which is simply unavailable elsewhere. Its liberal use of il- 
lustrations and tables condenses valuable information into 
instantly understandable knowledge. 


Who are the authors? 


O William C. Roberts, MD Editor O Charles E. 
Rackley, MD O Dean T. Mason, MD O James T. 
Willerson, MD О Thomas P. Graham, Jr, MD 

O Albert D. Pacifico, MD O Robert B. Karp, MD 


These seven leaders in their respective fields of cardiology 
have reviewed the year's literature in their own areas and have 
worked together coordinating their individual efforts into a 
cohesive whole. 


ISBN 0-914316-42-7, 512 pages,117 illus., June'84 
ISSN 0275-0066 $49.50 


3 Yorke Medical Books asccs |i 
Box C-757, Brooklyn, NY 11205 

a Please send me ______ copy(s) of Cardiology 1984 (00039) i 

= $49.50 

б [] Enclosed is my check for which includes $1.50 N 


handling. Yorke pays postage. 


Г] Please bill my Г] VISA О MasterCard 


Card no. 


á пате ee EO, Gate 
ÛJ Please bill me plus postage and $1.50 handling (U.S. and 
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were no operative deaths; there were 5 late deaths, all from noncardiac causes. The mean follow-up time was 
53 months. Actuarial probability of survival at 10 years was 95 + 2%. Thromboemboli occurred in 9 patients. 
Actuarial probability of freedom from thromboemboli at 10 years was 91 + 3%, and the linearized rate was 
1.8% /patient year of follow up. Nine patients required reoperation (7.5%) or 1.7 %/patient year. The probability 
of freedom from reoperation at 10 years was 84 + 5%. Repair or reconstruction of the stenotic mitral valve, 
even when partially calcified, is a safe and low-risk operation with excellent long-term results. 


735 Results of Valve Reconstruction for Mitral Regurgitation Secondary to Mitral Valve Prolapse 


PATRICIA A. PENKOSKE, F. HENRY ELLIS, Jr., SIDNEY ALEXANDER, and ELTON WATKINS, Jr. 


Reconstruction of the mitral valve is an alternative to replacement in patients with mitral regurgitation secondary 
to mitral valve prolapse. From January 1970 to January 1984, 31 patients with this disease underwent recon- 
struction of the mitral valve with 1 patient dying within 30 days of operation (3.2%). Major complications includ- 
ed 5 patients with recurrent mitral regurgitation and 1 with a cerebral embolus. The adjusted 5-year survival rate 
was 88.7 + 6.1% (mean + standard error of the mean). 


739 Relation of Mitral Valve Prolapse to Left Ventricular Size in Marfan's Syndrome 


SANDRA DORSEY LIMA, JOAO A.C. LIMA, REED E. PYERITZ, and JAMES L. WEISS 


The relationship between mitral valve prolapse (MVP) and left ventricular (LV) cavity size on M-mode echocardi- 
ograms was studied in 83 patients with Marfan's syndrome. LV end-diastolic dimensions and presence or ab- 
sence of MVP were determined. Of patients with LV end-diastolic dimensions less than 5 cm, 90% had MVP, 
compared with only 1996 of the 32 patients with abnormally large (more than 5.8 cm) end-diastolic dimension. 
The prevalence of MVP in patients with intermediate-sized LV end-diastolic dimensions was 69%. Appearance 
or disappearance of MVP was associated with a decrease or increase in LV cavity size, as determined by serial 
echocardiograms from 67 patients. Nine patients with MVP and normal LV cavity size on their initial study had 
subsequent increase in LV end-diastolic dimension with time, and MVP disappeared in 6 of the 9. Conversely, 
4 patients with dilated left ventricles on their initial echocardiogram and no evidence of MVP had appearance of 
MVP after aortic and valve replacement, with concomitant diminution and LV cavity size. Fifty-four patients with 
little change in LV end-diastolic dimension over time had no change in their MVP status throughout the 7-year fol- 
low-up period. Thus, in patients with Marfan's syndrome, serial increase and decrease in LV size is associated 
respectively with disappearance or appearance of MVP. 


744  Case-Control Analysis of Risk Factors for Presence of Aortic Stenosis in Adults Age 50 Years or Older - 


PETER M. HOAGLAND, E. FRANCIS COOK, MARGARET FLATLEY, CRAIG WALKER, and 
LEE GOLDMAN 


To analyze whether atherosclerotic risk factors were associated with the presence of aortic stenosis (AS) in 
adults, 105 adults who had AS without coronary artery disease (CAD) were compared with 110 control subjects 
with other types of valvular disease, 170 control subjects who underwent catheterization and had neither valvu- 
lar disease nor CAD, and 269 matched control subjects who underwent general surgery. No risk factor showed 
consistent evidence of a significant association with the development of AS. If the true magnitudes of these as- 
sociations are of the order previously reported for the development of CAD, the power of our study for detecting 
statistical significance ranges from 5696 to 9996. Although a weak association between atherosclerotic risk 
factors and AS cannot be excluded, any such association is unlikely to be as strong as for predicting CAD. 


CARDIOMYOPATHY 


748  Multifactorial Determinants of Reduced Coronary Flow Reserve After Dipyridamole in Dilated 


Cardiomyopathy 
ALAIN NITENBERG, JEAN-MARC FOULT, FRANCOISE BLANCHET, and SAMIR ZOUIOUECHE 


Coronary sinus blood flow increase after administration of intravenous dipyridamole was studied in 7 control pa- 
tients and 11 patients with severe dilated cardiomyopathy (DC). The coronary sinus blood flow after dipyridamole 
and the dipyridamole/basal coronary sinus blood flow ratio were lower in the DC group, although the basal coro- 
nary sinus blood flow was not different in the 2 groups. After dipyridamole, the coronary resistance (mean aortic 
pressure minus left ventricular [LV] mean diastolic pressure/coronary sinus blood flow) was higher in the DC 
group, and there was no correlation between coronary sinus blood flow and LV mean diastolic and mean aortic 
pressures or mean aortic pressure minus LV mean diastolic pressure difference. Thus, in patients with DC, the 
alterations of LV and/or aortic pressures could not totally account for the restriction of the coronary flow reserve 
after administration of dipyridamole. 


Continued on page A41 
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I NDERAL (PROPRANOLOL НО) 
MAKES A CRITICAL 
DIFFERENCE, 
POST-MI 


THE AMERICAN HEART ATTACK 
TRIAL PROVES INDERAL HAS 

THE POTENTIAL TO SAVE LIVES* 
INDERAL significantly improves post-MI 
survival. This has not been proven for all beta 
blockers. 

Only INDERAL has proven, in a major U.S. 

heart attack trial, that it can save lives. INDERAL 
therapy improved survival by 39% during 

the critical first year, and by 26% overall in this 
trial involving nearly 4,000 post-MI patients. 
When compared with placebo, the effect of 
INDERAL was sustained for the duration of the 
trial (an average of 25 months and a maximum 
of 39 months). And this effect was consistent 
regardless of age, infarct location, previous MIs, 
or complications. 





















*All study findings are excerpted from B-Blocker Heart 
Attack Trial Research Group: A randomized trial of pro- 
pranolol in patients with acute myocardial infarction. 
|. Mortality results. JAMA 1982;247:1707-1714. 
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1 ND ERAL* (propranolol hydrochloride) Tablets 


Bc 
P CLINICAL PHARMACOLOGY 
jeta-Blocker Heart Attack Trial (BHAT) was a National Heart, Lung and Blood Institute- 
sored multicenter, randomized, double-blind placebo-controlled trial conducted in 31 
. centers (plus опе in Canada) in 3,837 persons without history of severe congestive heart 
з or presence of recent heart failure; certain conduction defects; angina since infarction, 
had survived the acute phase of myocardial infarction. Propranolol was administered at 
her 60 or 80 dn based on blood levels achieved during an initíal trial of 40 mg t.i.d. 
ару with INDERAL, begun 5-21 days following infarction, was shown to reduce overall 
lity up to 39 months, the longest period of follow-up. This was primarily attributable to a 
uction in cardiovascular mortality The protective effect of INDERAL was consistent 
| rdless of age, sex or site of infarction. Compared to placebo, total mortality was reduced 
3 at 12 months and 26% over an average follow-up period of 25 months. The Norwegian 
| Multicenter Trial in which propranolol was administered at 40 mg q.i.d. gave overall results 
wn ch support the findings in the BHAT 
= Although the clinical trials used either t.i.d. or q.i.d. dosing, clinical, pharmacologic and 
_ pharmacokinetic data provide a reasonable basis for concluding that b.i.d. dosing with pro- 
| pranolol should be adequate in the treatment of post-infarction patients. 
ZLINICAL: In the BHAT, patients on INDERAL were prescribed either 180 mg/day (82% of 
tients) or 240 mg/day (1896 of patients). Patients were instructed to take the medication 3 
es a day at mealtimes. This dosing schedule would result in an overnight dosing interval of 
14 hours which is similar to the dosing interval for a b.i.d. regimen. In addition, blood 
les were drawn at various times and analyzed for propranolol. When the patients were 
bed into tertiles based on the blood levels observed and the mortality in the upper and 
ertiles were compared, there was no evidence that blood levels affected mortality 
RMACOLOGIC: Studies in normal volunteers have shown that a 90 mg b.i.d. regimen 
ains beta blockade at, or above, the minimum for 60 mg t.i.d. dosing for 24 hours even 
gh differences occurred at two time intervals. At 10-12 hours after the first dose of the day, 
|. dosing gave more beta blockade than b.i.d. dosing; at 20-24 hours the trend of the rela- 
iship was reversed. These relationships were similar in direction to those observed for 
sma propranolol levels (see Pharmacokinetic). 
IARMACOKINETIC: A bioavailability study in normal volunteers showed that the blood 
'els produced by 180 mg/day given b.i.d. are below those provided by the same daily dos- 
e given t.i.d. at 10-12 hours after the first dose of the day but above those of a t.i.d. regimen 
20-24 hours. However, the blood levels produced by b.i.d. dosing were always equivalent 
or above the minimum for t.i.d. dosing throughout the 24 hours. In addition, the mean AUC 
the fourth day for the b.i.d. regimen was about 17% greater than for the t.i.d. regimen (1,194 


024 ng/ml hr). 

д) CONTRAINDICATIONS 

RAL is contraindicated in 1) cardiogenic shock, 2) sinus bradycardia and greater than 
degree block, 3) bronchial asthma, 4) congestive heart failure (see WARNINGS) unless 
ailure is secondary toa emenda шеке with INDERAL. 


LA 


Е. 


Ф 


(RDIAC FAILURE: Sympathetic stimulation may be a vital component supporting circula- 
"tory function in patients with congestive heart failure, and its inhibition by beta blockade may 

` precipitate more severe failure. Although beta blockers should be avoided in overt conges- 

- tive heart failure, if necessary they can be used with close follow-up in patients with a history 

| Of failure who are well compensated and are receiving digitalis and diuretics. Beta- 
“adrenergic blocking agents do not abolish the inotropic action of digitalis on heart muscle. 

| INPATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of beta blockers 

in some cases, lead to cardiac failure. Therefore, at the first sign or symptom of heart 

2, the patient should be digitalized and/or treated with diuretics, and the response 

erved closely, or INDERAL should be discontinued (gradually if possible). 






= 


N PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 

ingina and, in some cases, myocardial infarction, ng abrupt discontinuance of 

JDERAL therapy. Therefore, when discontinuance of INDERAL is planned the dosage 

| should be gradually reduced over at least a few weeks and the patient should be cau- 

oan ee interruption or cessation of therapy without the physician's advice. If 

INDERAL therapy is interrupted and exacerbation of angina occurs, it usually is advis- 

e to reinstitute INDERAL therapy and take other measures appropriate for the man- 

gement of unstable angina pectoris. Since coronary artery disease may be 

recognized, it may be prudent to follow the above advice in patients considered at risk 














$ 











© 









- | of having occult atherosclerotic heart disease who are given propranolol for other 
| indications. 










e Nonallerg lonallergic Bronchospasm (e.g., chronic bronchitis, emphysema)— PATIENTS WITH 
. BRONCH PASTIC DISEASES Y ULD IN GENERAL NOT RECEIVE BETA BLOCKERS. 
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INDERAL (propranolol hydrochloride) should be administered with caution since it may block 
bronchodilation produced by endogenous and exogenous catecholamine stimulation of beta 
receptors. 

MAJOR SURGERY: The necessity or desirability of withdrawal of beta-blocking therapy 
prior to major surgery is controversial. It should be noted, nowever, that the impaired ability of 
the heart to respond to reflex adrenergic stimuli may augment the risks of general anesthesia 
and iR procedures. 

INDERAL, like other beta blockers, is a competitive inhibitor of beta-receptor agonists and 
its effects can be reversed by administration of such agents, e.g., dobutamine or isopro- 
terenol. However, such patients may be subject to protracted severe hypotension. Difficulty in 
starting and maintaining the heartbeat has also been reported with beta blockers. 

DIABETES AND HYPOGLYCEMIA: Beta-adrenergic blockade may prevent the appear- 
ance of certain premonitory signs and symptoms (pulse rate and pressure changes) of acute 
hypoglycemia in labile insulin-dependent diabetes. In these patients, it may be more difficult 
to adjust the dosage of insulin. 

THYROTOXICOSIS: Beta blockade may mask certain clinical signs of hyperthyroidism. There- 
fore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms of 
hyperthyroidism, including thyroid storm. Propranolol does not distort thyroid function tests. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been 
reported in which, after propranolol, the tachycardia was replaced by a severe bradycardia 
requiring a demand pacemaker. In one case this resulted after an initial dose of 5 mg 


propranolol. 

PRECAUTIONS 
General: Propranolol should be used with caution in patients with impaired hepatic or renal 
function. INDERAL is not indicated for the treatment of hypertensive emergencies. 

Beta-adrenoreceptor blockade can cause reduction of intraocular pressure. Patients 
should be told that INDERAL may interfere with the glaucoma screening test. Withdrawal may 
lead to a return of increased intraocular pressure. 

Clinical Laboratory Tests: Elevated blood urea levels in patients with severe heart disease, 
elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase. 

DRUG INTERACTIONS: Patients receiving catecholamine-depleting drugs such as reser- 
pine should be closely observed if INDERAL is administered. The added catecholamine- 
blocking action may produce an excessive reduction of resting sympathetic nervous activity 
which may result in hypotension, marked bradycardia, vertigo, syncopal attacks, or ortho- 
static hypotension. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term studies in animals have 
been conducted to evaluate toxic effects and carcinogenic potential. In 18-month studies in 
both rats and mice, employing doses up to 150 mg/kg/day, there was no evidence of signifi- 
cant drug-induced toxicity There were no drug-related tumorigenic effects at any of the dos- 
age levels. Reproductive studies in animals did not show any impairment of fertility that was 
attributable to the drug. 

Pregnancy: Pregnancy Category C. INDERAL has been shown to be embryotoxic in animal 
studies at doses about 10 times greater than the maximum recommended human dose. 

There are no adequate and well-controlled studies in pregnant women. INDERAL should 
be used during pregnancy only if the potential benefit justifies the potential risk to the fetus. 

Nursing Mothers: INDERAL is excreted in human milk. Caution should be exercised when 
INDERAL is administered to a nursing woman. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 
res adverse effects have been mild and transient and have rarely required the withdrawal of 
therapy 

Cardiovascular: bradycardia; congestive heart failure; intensification of AV block; hypoten- 
sion; paresthesia of hands; thrombocytopenic purpura; arterial insufficiency usually of the 
Raynaud type. 

Central Nervous System: Lightheadedness; mental depression manifested by insomnia, 
lassitude, weakness, fatigue; reversible mental depression progressing to catatonia; visual 
disturbances; hallucinations; an acute reversible syndrome characterized by disorientation 
for time and place, short-term memory loss, emotional lability, slightly clouded sensorium, 
and decreased performance on neuropsychometrics. 

Gastrointestinal: nausea, vomiting, epigastric distress, abdominal cramping, diarrhea, 
constipation, mesenteric arterial thrombosis, ischemic colitis. 

Allergic: pharyngitis and agranulocytosis, erythematous rash, fever combined with aching 
and sore throat, laryngospasm and respiratory distress. 

Respiratory: bronchospasm. 

Hematologic: agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic 
purpura. 

Auto-Immune: In extremely rare instances, systemic lupus erythematosus has been 
reported. 

Miscellaneous: alopecia, LE-like reactions, psoriasiform rashes, dry eyes, male impo- 
tence, and Peyronie's disease have been reported rarely Oculomucocutaneous reactions 
involving the skin, serous membranes and conjunctivae reported for a beta blocker (practo- 
lol) have not been associated with propranolol. 

*The appearance of INDERAL tablets is a registered trademark of Ayerst Laboratories. 


9142/584 


es TEN 0 
" * abs Tepe ү? 2 2 


А 


4Á <, т 
есеи J 
€, A Р ла. 
4 Е 
j . 








i Dah, үм л “CPS Же "ү; ҮР О oP S чр чне трагу Ри 
TE FO ee a ea ee eee een ee ТШЩ; 
жерле: "d V DV kk JA p o н Ло ыс ҮЙ, хак і 
MOT Yd adit. zh 4 "oe Aa 4 وو‎ „Же AO UE Ol. Eme a x й. 


<A 
у ' ET ET. ы e 
Ж tT)» 1 "EL 2 3o v ЧУУ 1 ib 


1ч vg > g. wir TE IFT E PENAS i ут. C 

TRESI ee OS ee У. а 5а БОЕ: аа а Е TTC 

To Ug] 0 ght gil 1 Кү E Le dude GENDER Le oM on ANC Coma 

= ' [ST d Ы "m as * А є - s >, { + 
Ss ve ў * f "s [ i „ tar 2 rh a 1l = ү 


755 T-Lymphocyte Subsets in Idiopathic Dilated Cardiomyopathy 
JOHN E. SANDERSON, DAVY KOECH, DAVID IHA, and HILLARY P. OJIAMBO 






T-lymphocyte subsets were measured using monoclonal antibodies in 20 patients with idiopathic dilated car- — E- 
diomyopathy (IDC) and 20 age- and sex-matched normal control subjects in East Africa. The percentage of — . o 
helper/inducer cells (OKT4 positive) was significantly higher in the IDC group and 8 of 20 patients with IDC had _ A 


Thirty-two consecutive infants with transposition of the great arteries (TGA) and ventricular septal defect under- — 
went subxiphoid 2-dimensional echocardiography (2-D echo). Each echocardiogram was evaluated for (1) the 


a high helper/suppressor cell ratio (OKT4/OKT8). These results suggest that an excessive immune reaction may PS 3 

be part of the pathogenesis of IDC in Africans. ES 

e. 

CONGENITAL HEART DISEASE | EC 

759 Accuracy of Prospective Two-Dimensional Echocardiographic Evaluation of Left Ventricular Outflow E 
Tract in Complete Transposition of the Great Arteries Wa 

ALVIN J. CHIN, SCOTT B. YEAGER, STEPHEN P. SANDERS, ROBERTA С. WILLIAMS, c ^t 

FREDRICK Z. BIERMAN, BRUNO M. BURGER, WILLIAM 1. NORWOOD, and ALDO R. CASTANEDA E 8 


presence or absence of left ventricular (LV) outflow tract obstruction, (2) whether outflow tract obstruction was 
dynamic or fixed, or both, and (3) the precise anatomic type of obstruction in those infants judged to show fixed E af 
obstruction. Two-dimensional echo yielded no false-negative results in detection of LV outflow tract obstruction, 
which was at least partly fixed, and made no significant errors in delineating the exact anatomic type of fixed ob- T 
struction. The diagnostic accuracy of 2-D echo thus limits the need for “routine” cardiac catheterization before 7 
repair in infants with TGA and intact ventricular septum. Furthermore, because certain types of fixed LV outflow 
tract obstruction are difficult for the surgeon to visualize and alleviate, precise knowledge of the anatomic type — 
of fixed obstruction influences the choice among Rastelli, intraatrial baffle and arterial switch procedures in pa- ELI. 
tients with TGA and ventricular septal defect. EU 


765  Anomalous Origin of the Left Main Coronary Artery from the Right Sinus of Valsalva cH 
DEMETRIOS KIMBIRIS EU 


The clinical and angiographic findings in 10 patients with anomalous origin of the left main coronary artery from _ 
the right sinus of Valsalva are presented. In 6 patients, the initial course of the anomalous vessel was between 
the aorta and the pulmonary artery; in 4, it was posterior to the aorta. In the left ventriculogram in the right anteri- 
or oblique projection, the aortic root sign was seen in all patients with posterior-to-aorta course of the vessel. - Vi 
Descending septal branches were provided by the anomalous left main coronary artery in all patients with the 
course of the vessel between aorta and the pulmonary artery, but in none with the course posterior to the 
aorta. 


770 Anomalous Origin of the Left Main Coronary Artery from the Right Anterior Aortic Sinus: Angiographic 
Definition of Anomalous Course 


TATSUO ISHIKAWA and PETER W.T. BRANDT 


Five cases of anomalous origin of the left main coronary artery from the right anterior aortic sinus are presented. 
In 4 patients the anomalous artery ran a septal course through the floor of the right ventricular infundibulum and 
in 1 patient an interarterial course between the aorta and pulmonary trunk. The cineangiographic features of 
these courses are described in detail and contrasted with arteries running anterior free wall and retro-aortic 
courses. Review of previously documented cases shows that the septal course is relatively common, though 
previously not recognized. 


777 Small Left Atrium and Change in Contour of the Ventricular Septum in Total Anomalous Pulmonary 
Venous Connection: A Morphometric Analysis of 22 Infant Hearts 


GLENN C. ROSENQUIST, JOSEPH L. KELLY, ROMA CHANDRA, ROGER N. RUCKMAN, 
FRANK M. GALIOTO, FRANK M. MIDGLEY, and LEWIS P. SCOTT 


Morphometric measurements of 22 heart specimens with total anomalous pulmonary venous connection 
(TAPVC) were compared with measurements of 8 matched control specimens without heart disease. The 
TAPVC specimens had shorter left atria, smaller left atrial surface area and larger diameter of the fossa ovalis. 
In addition to increased length of the right ventricle and larger circumferences for tricuspid and pulmonary 
valves, the left ventricular contour of the ventricular septum was flat or convex in 18 of the 22 specimens with 
TAPVC; the septum was significantly longer and wider than normal in these specimens. Since mitral and aortic 
valves were normal in circumference, the data suggest that left ventricular volume is not decreased despite the 
change in ventricular shape. 


Continued on page A45 
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Many anxious patients 
have cardiovascular 
symptoms of anxiety. 





In double-blind, four-week. clinical trials 
in 976 patients with moderate to severe 
anxiety, therapy with XANAX was com- 
pared with placebo! 

XANAX was significantly more effec- 
tive (p<0.001) than placebo in relieving 
the anxiety, with over half of the patients 
showing marked to moderate improve- 
ment by the first evaluation period (one 
week). 


_..including cardiovascular 
symptoms of anxiety... 
Most patients in the study had cardio- 


vascular symptoms even though cardio- 


vascular disease was ruled out. XANAX 

was shown to effectively relieve anxiety 

including the accompanying cardiovas- 
cular symptoms. 





Xan 





0 WEEK 4 


...and depressive 
symptoms of anxiety. 


Over 70% of these patients experienced 
moderate to severe depressed mood. 
XANAX was shown to be significantly 
more effective (pxO.014) than placebo in 
improving depressed mood. 


1 Cohn |B: Multicenter double-blind efficacy and safety study comparing alprazolam. 
diazepam and placebo in clinically anxious patients | Clin Psychiatry 1981:42.347-351 
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alprazolam © 
Upjohn 


The Upjohn Company • Kalamazoo, Michigan 49001 USA 
Please see next page for brief summary of prescribing information. © 1984 The Upjohn Company 
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RAINDICATIONS = | 
with sensitivity to this drug or other benzodiazepines and in acute narrow 


` angle glaucoma. 

{> REPE 

_ WA! RNINGS 

|. Notofvalue in psychotic patients. Caution patients against hazardous occupations 


ER d requiring complete mental alertness and about the simultaneous ingestion of 
| alcohol and other CNS depressant drugs. 
` Benzodiazepines can cause fetal harm in pregnant women. Warn patients of 


he potential hazard to the fetus. Avoid during the first trimester 
| PRECAUTIONS 
|--General: The dosage of XANAX Tablets should be reduced or withdrawn grad- 


kee ually since withdrawal seizures have been reported upon abrupt withdrawal. If 

| XANAX is combined with other psychotropics or anticonvulsant drugs, consider 

| drug potentiation. (See Drug Interaction section.) Exercise the usual precautions 

A regarding size of the prescription for depressed or suicidal patients. In elderly 

© and debilitated patients. use the lowest possible dosage.(See Dosage and 

Er Administration.) Observe the usual precautions in treating patients with impaired 

|... renal or hepatic function. 

E А Information for Patients: Alert patients about: (а) consumption of alcohol and 

L drugs. (b) possible fetal abnormalities. (с) operating machinery or driving. (d) not 
|. — increasing dose of the drug due to risk of dependence. (е) not stopping the drug 

Пр ruptly. Laboratory Tests: Not ordinarily required in otherwise healthy patients. 

~ Drug Interactions: Additive CNS depressant effects with other psychotropics. anti- 
> convulsants. antihistamines, ethanol and other CNS depressants. Pharma- 

| cokinetic interactions with benzodiazepines have been reported. Drug/Laboratory 
| Test Interactions: No consistent pattern for a specific drug or specific test. Carcinogenesis, 

L— Mutagenesis, Impairment of Fertility: No carcinogenic potential or impairment of 

` fertility in rats. Pregnancy: See Warnings. Nonteratogenic Effects: The child born of a 

Es mother on benzodiazepines may be at some risk for withdrawal symptoms and 

- neonatal flaccidity. Labor and Delivery: No established use. Nursing Mothers: 

А T ‘Benzodiazepines are excreted in human milk Women on XANAX should not 

- nurse. Pediatric Use: Safety and effectiveness in children below the age of 18 have 
. not been established. 


RE is 
Side effects are generally observed at the beginning of therapy and usually dis- 


` appear with continued medication. In the usual patient, the most frequent side 
Е, effects are likely to be an extension of the pharmacological activity of XANAX. 
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x ME Central nervous system: Drowsiness. lightheadedness. depression. headache. 
"confusion. insomnia. nervousness. syncope. dizziness, akathisia. and tiredness/ 
- . sleepiness. 
V Gastrointestinal: Dry mouth. constipation, diarrhea, nausea/vomiting. and 
——— increased salivation. 
ў ~~ Cardiovascular. Tachycardia/palpitations. and hypotension. 
> Sensory: Blurred vision. 
—— Musculoskeletal: Rigidity and tremor. 
| Cutaneous: Dermatitis/allergy 
"Other side effects: Nasal congestion. weight gain. and weight loss. 
~ In addition. the following adverse events have been reported with the use of 
Ё. anxiolytic benzodiazepines: dystonia. irritability. concentration difficulties. 
x “anorexia. loss of coordination. fatigue. sedation. slurred speech, jaundice. 
| musculoskeletal weakness. pruritus. diplopia. dysarthria, changes in libido, 
re menstrual irregularities. incontinence and urinary retention. 
| + Paradoxical reactions such as stimulation. agitation. increased muscle spasticity, 
1. sleep disturbances. and hallucinations may occur Should these occur discontinue 
__ During prolonged treatment. periodic blood counts. urinalysis. and blood 
| chemistry analysis are advisable Minor EEG changes. of unknown significance. 
— have been observed. 
_ DRUG ABUSE AND DEPENDENCE 
~ Physical and Psychological. Dependence: Withdrawal symptoms have occurred follow- 
"ing abrupt discontinuance of benzodiazepines. Withdrawal seizures have oc- 
| curred upon rapid decrease or abrupt discontinuation of therapy. In all patients. 
` dosage should be gradually tapered under close supervision. Patients with a 
mh istory of seizures or epilepsy should not be abruptly withdrawn from XANAX. 
E E ddiction-prone individuals should be under careful surveillance. Controlled 
“Substance Class: XANAX is a controlled substance and has been assigned to 
T schedule IV. 
-DOSAGE AND ADMINISTRATION 
-.. The usual starting dose is 0.25 to 05 mg.ti.d. Maximum total daily dose is 
| 4 mg.In the elderly or debilitated. the usual sta rting dose is 0.25 mg. two or three 
_ times daily Reduce dosage gradually when terminating thera py. by no more 
— than one milligram every three days 
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L eg. drowsiness or lightheadedness. 
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range follow-up issues on cardiac 


tissue valves. 
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Cardiac 
Bioprostheses 


Proceedings of the Second International Symposium 
Rome, Italy, May 17-19, 1982 








edited by Lawrence H. Cohn, MD, and Vincenzo Gallucci, MD 
ISBN 0-914316-34-6, 609 pp., illus., Nov. 1982., $69.00 


An international program committee organized this symposium 
on a strictly competitive abstract basis. It was held less than six 
months ago. One-hundred-eighty abstracts were submitted and 
45 in 8 categories were accented: Virtually every major car- 
diovascular center in the world that has any meaningful ex- 
perience with cardiac bioprosthetic valves was represented. 
Nowhere will fey find between two covers as much current in- 
formation on the field of cardiac valves. 


Almost 20 years have gone by since the first reports of 
homograft valve replacement by Drs. Donald Ross and Brian 
Barratt-Boyes and almost 10 years since the first reports began to 
appear about commercially available, quality-controlled porcine 
bioprosthetic and bovine pericardial valves. This book brings 
you completely up-to-date on what has happened since and what 
is happening today. 

If your interests include the clinical, pathological and bio- 
engineering aspects of cardiac bioprostheses then this book is a 


must buy! It should not be missing from your own professional 
library. 


Who are the editors? 

Lawrence H. Cohn, MD, is Professor of Surgery, Harvard 
Medical School, and Cardiothoracic Surgeon, Brigham and 
Womens’ Hospital. He is the author of Modern Techniques in 
Surgery and co-author of the new annual, Cardiology, now 
available in its second issue, Cardiology 1982. 

Vincenzo Gallucci, MD, is Professor of Cardiovascular Surgery, 
Departments of Cardiovascular Surgery and Cardiology, Univer- 
sity of Padova Medical School, Padova, Italy. 


e Section 1 CLINICAL ANALYSIS * Section 2 
HEMODYNAMICS * Section З THROMBOEMBOLISM • Sec- 
tion 4 PEDIATRIC VALVE REPLACEMENT • Section 5 EX- 
PERIMENTAL PATHOLOGY * Section 6 EXPLANT 
PATHOLOGY * Section 7 BIOPROSTHETIC BIOENGINEER- 
ING * Section 8 LONG-TERM FOLLOW-UP * Section 9 SUM- 
MING UP * AUTHOR INDEX * SUBJECT INDEX 
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Please send me Cardiac Bioprostheses on 30 day approval. 
Г] Enclosed is my check for $69.00 plus $1.50 for handling. 
Yorke pays postage [same return privilege]. 


[O Please charge my Г] VISA 0 MasterCard (same return privilege]. 


Card No. MC Interbank No. 





Exp. date Signature 
ÛJ Please bill me plus postage and handling. 
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Yorke Medical Books Вох C-757, Brooklyn, NY 11205 
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MISCELLANEOUS TOPICS 


783 Effect of Weight Loss on Cardiac Chamber Size, Wall Thickness and Left Ventricular Function in 
Morbid Obesity 


Е MARTIN A. ALPERT, BOYD Е. TERRY, and DIANA 1. KELLY 


To determine the effect of weight loss on left ventricular (LV) systolic function in morbidly obese patients, echo- 
cardiography was performed in 62 such patients before gastric restriction and in 34 patients who returned 4.3 
+ 0.3 months after substantial weight loss (73 + 4% of amount overweight). Of the 34 patients who returned for 
follow-up evaluation, 13 had low LV fractional shortening preoperatively. In this subgroup mean LV fractional 
shortening increased from 22 + 2 to 31 + 2% following weight loss. The increase in LV fractional shortening 
was accompanied by a significant decrease in the mean LV internal dimension in diastole and mean blood pres- 
sure. The results show that LV systolic dysfunction in morbidly obese patients may improve following substantial 
weight loss. 


787 Mitral and Tricuspid Valve Anular Diameter in Normal Children Determined by Two-Dimensional 
Echocardiography 


DOUGLAS H. KING, E. O’BRIAN SMITH, JAMES C. HUHTA, and HOWARD P. GUTGESELL 


To establish normal values for atrioventricular valve anular diameter in children, the diameter of the mitral and 
tricuspid valve anuli were measured from 2-D echocardiograms in 103 children, aged 1 day to 15 years. Mea- 
surements of the mitral valve anulus were made from the parasternal long-axis and apical or subcostal 4-cham- 
ber views. The tricuspid valve was measured from the subcostal or apical 4-chamber view. Multiple regression 
analyses were performed comparing valve anular diameter to weight and body surface area and their respective 
square root, cube root and logarithmic functions. Mitral and tricuspid anular diameter increased in proportion to 
the logarithm of weight and body surface area. The best predictor of valve anular diameter was a logarithmic 
function of body surface area, with a calculated correlation coefficient ranging from 0.90 to 0.93 for the 3 anular 
dimensions. Knowledge of the normal atrioventricular valve anular diameter should be useful in planning pallia- 
tive or corrective surgery in children with congenital heart disease. 


790 Effects of Loading Conditions and Contractile State (Methoxamine and Dobutamine) on Left 
Ventricular Early Diastolic Function in Normal Subjects 


STEVEN D. COLAN, KENNETH M. BOROW, and ALEXANDER NEUMANN 


The influence of changes in preload, afterload and contractile state on left ventricular (LV) filling characteristics 
were investigated. Normal subjects underwent echocardiographic determination of the peak rates of LV dimen- 
sion change and wall thinning and their respective timing at rest, after preload augmentation with dextran, during 
increased afterload with methoxamine and during inotropic stimulation by dobutamine. These 2 peak velocities 
and their timing in diastole correlated well with each other and responded similarly to interventions. Increased 
preload resulted in higher peak velocities of dimensional change and wall thinning, without changing the time in 
diastole at which they occur. Both peak velocities moved later into diastole with higher afterload; however, the 
overall change in magnitude was variable without a statistically significant trend evident. Inotropic stimulation 
resulted in faster rates of peak dimension change and wall thinning, which occurred at an earlier point in dias- 
tole. Examination of various parameters of LV size and function over a wide range of preload and afterload con- 
ditions under a constant contractile state revealed a complex set of relations. The ratio of wall thickness to di- 
mension at end-diastole showed the most significant relation to the peak rate of dimension change, whereas 
peak thinning was best correláted with fractional wall thickening. Both velocities were also significantly but 
more weakly related to other variables of systolic function. The timing of these peak velocities correlated most 
closely with the end-systolic wall stress and heart rate. Thus, LV filling and wall thinning depend in a complex 
fashion on loading conditions, heart rate and contractile state. These interactions must be taken into consider- 
ation when echocardiographic indexes of diastolic function are used in the clinical setting. 


ч ^ vw ` eur » E JA 
TN be. at | е Т Ra 
ОЬ с-а. о д гач is 2. а rL . 

„ ie It. uon ^ "ovo LO ING IU Oa tr n 3 - gel ATO › 
P. EME Жу”; РЕ UU» Е g р . Р. p Tas "Cr. bu 
- А ` bs - whee " i 

2 pi эбе чыл ЖЕТ, t T£ ELITR STs Рай ч, Ж, г үг” 


I 


em 
JS ДА . 


е 2 


а a7 
o> 
rum au = 


"o a 


чы. re 
= Б = nz 


Y 
+, um 


S. үө n 


797 Effects of Training on Systolic Time Intervals at Rest and During Isometric Exercise in Men and 
Women 61 to 64 Years Old 


DOUGLAS R. SEALS, BEN F. HURLEY, JAMES M. HAGBERG, JOAN SCHULTZ, BARRY J. LINDER, 
LONNIE NATTER, and ALI A. EHSANI 
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Systolic time intervals (STI) were measured in 10 healthy men and women (mean age 62 + 1 year [+ standard 
deviation]) before and after 6 months of intense endurance training to determine the effects of regular exercise 
on left ventricular (LV) function in older persons. STI, blood pressure (BP) and heart rate (HR) were determined 
at rest and during isometric exercise. These older subjects had normal values for STI at rest and responded nor- 
mally to isometric exercise. Training resulted in an 18% increase in maximal oxygen uptake (p «0.0 1), but had 
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SYSTEM Q` 
BY QUINTON 


There are times when only the best 
will do: When you want to stress test your 
way—without compromise. When doctors 
share a stress system. When you need flex- 
ibility to perform different procedures. 

That’s when you need the high per- 
formance capabilities of SYSTEM Q by 
Quinton—the most advanced stress test sys- 
tem ever created. 


Ultimate flexibility. 


No other system gives you more 
control over a stress test. You program 
the recorder, screen displays, treadmill 
and even the ECG analysis to meet your 
specific requirements. 

And your colleagues can do the 
same. SYSTEM Q can store up to four 
programmed test procedures, each custo- 
mized to meet the needs of a different 
physician. (Or a different test.) It's the 
closest you'll come to a separate system 
to meet the needs of every doctor. 


Superior diagnostic information. 


SYSTEM Q gives you more data, 
more accurately than ever before possible: 
An averaged beat final report, with com- 
puted ST parameters. The most sophisti- 
cated QRS detection algorithms ever 
developed. A more precise calculation of 
ST parameters. A more stable heartrate 
indication. And more. 





Quinton family of stress testing equipment 
When you need high powered capabil- 
ities, get the ligh performance stress test 
system: SYSTEM О by Quinton. (It per- 
forms well on the bottom line, too.) For 
more information about the Quinton fam- 
ily of stress testing equipment, call or write 


us at 2121 Terry Ave., Seattle, WA 98121... 
1-800-426-0347. Telex 328840. Rt d 
instrument co. e cL 
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Q-STRESS | 
BY QUINTON 


How can you afford to stress test in 
the office? When you consider the eco- 
nomics of Quinton’s new Q-STRESS 


system, how can you afford not to? 


Priced to 
be affordable. 


For about the cost of an ECG cart 
and a treadmill, Q-STRESS gives you a 
dedicated, state-of-the-art stress test sys- 
tem (including treadmill). 

More important, it gives you capabil- 
ities youd expect only on a hospital 
system. That's because it’s based on the 
same forward technology that's made 
Quinton SYSTEM О the gold stand- 
ard for hospitals and clinics. 


Engineered 
to perform. 


Just look at the quantity and quality 
of information Q-STRESS gives you: 
Three full channels of ECG, with split- 
freeze capability. Heart rate and stage 
time. ST level and slope. Even a com- 
prehensive final report. 

And nothing matches the quality of 
our new thermal print-head recorder. 
Crisp. And clear. With absolutely no 
fading on the R-wave. 

What's more, it’s simple to use. 

Easy to maintain. With self-testing for 
reliability. 
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Quinton family of stress testing equipment 






Discover the economic advantages of 
stress testing 1n your office. For more 
information on Q-STRESS or the Quin- 
ton family of stress testing equipment, 
call or write us at 2121 Terry Ave., 
Seattle, WA 98121. 1-800-426-0347 
Telex 328840. 


Quinton 


instrument Co. 


Distributed worldwide 
© 1984 Quinton Instrument Co. 
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E l no effect on STI at rest or during isometric exercise. After training BP was reduced at rest (p <0.002) and, along 
БР with HR, was lower in response to handgrip (p < 0.002). These findings indicate that healthy older persons exhibit 


a normal LV response to isometric exercise. Endurance training does not alter LV contractile function at rest or 
during isometric exercise, but can lower BP even in normotensive older subjects. 


. 801 Blood Pressure and Heart Rate Responses During 24-Hour Ambulatory Monitoring and Exercise in 
Men with Diabetes Mellitus 


SHIRLEY RUBLER, DENNIS A. CHU, and CHARLES L. BRUZZONE 





Heart rate (HR) variation on respiration was used to detect autonomic neuropathy (AN) in 25 diabetic, middle- 
aged males (group |). Thirteen subjects had HR variation of 10 beats/min or less, consistent with AN (group IA). 
Twelve had normal HR variation (more than 10 beats/min) (group IB). On 24-hour ambulatory monitoring, HRs 
were higher (105.5 + 10.0 beats/min) in patients with AN than in those without (99.9 + 12.5 beats/min) or in 13 
normal men (group Il) (91.6 + 8.9 beats/min). Systolic blood pressure (BP) was higher in group | than in group 
Il. Seventeen patients in group | had peripheral neuropathy (PN). The systolic BPs on 24-hour monitoring were 
lower in those with PN; exercise duration was decreased compared to those without PN. These results indicate 
that HR and BP monitoring and exercise testing are valuable in detecting abnormalities in subjects with diabetic 
T neuropathy. 


EXPERIMENTAL STUDIES 


Span De 5 
eu жы ы ' re 
— Wid <= R ^ MESS M. 
та „ 
" à mm 


GFA Se 
4 


*, Е 7 » 
1 А 


ge 


` 807  Electrophysiologic Effects of Flecainide Acetate and Its Major Metabolites in the Canine Heart 


JANEL GUEHLER, CHARLES C. GORNICK, H. GARETH TOBLER, ADRIAN ALMQUIST, 
JACK R. SCHMID, D. WOODROW BENSON, Jr., and DAVID G. BENDITT 
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Flecainide acetate, an investigational class 1 antiarrhythmic agent, undergoes biotransformation in man with 
production of 2 major metabolites: meta-O-dealkylated flecainide (S-24623) and the meta-O-dealkylated lactam 
of flecainide (S-26191). This study compared the effects of flecainide, S-24623 and S-26191 on cardiac electro- 
physiologic characteristics in the anesthetized dog. Of the 3 compounds, only flecainide significantly prolonged 
sinus cycle length (p <0.01). However, both flecainide and S-24623 significantly prolonged minimum atrial 
paced cycle length with 1:1 atrioventricular conduction, atrioventricular node effective and functional refractory 
periods, and right ventricular effective refractory period. Metabolite S-26191, on the other hand, had qualitatively 
similar but weaker electrophysiologic actions. The maximum electrophysiologic effects of flecainide and S- 
24623 were approximately equivalent, but the metabolite was about half as potent on a milligram-per-milligram 
basis. S-26191 was less than one-tenth as potent as flecainide. Since both flecainide metabolites occur primari- 
ly in the conjugated form in plasma (i.e., free metabolite concentrations are very low), it is unlikely that these 
compounds either potentiate flecainide's antiarrhythmic action or increase susceptibility to drug toxicity in the 
clinical setting. 
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_ 813 Development of an Endocardial-Epicardial Gradient of Activation Rate During Electrically Induced, 
Sustained Ventricular Fibrillation in Dogs 


SETH J. WORLEY, JUDITH L. SWAIN, PAUL G. COLAVITA, WILLIAM M. SMITH, and 


"X RAYMOND E. IDEKER 
É E Little is known about transmural depolarization during ventricular fibrillation (VF). With a special plunge elec- 
A trode, electrically induced VF was recorded in 20 open-chest dogs. In 14 dogs transmural temperature was 


maintained at 38°C. Electrograms contained sharp discrete deflections during early VF in all dogs. The rate, reg- 
ularity of cycle length and discreteness of the deflections decreased over the next 20 minutes of VF, first at the 


ee epicardium, then progressively deeper toward the endocardium. In all dogs, discrete, regular, rapid deflections 
| persisted in the subendocardium throughout the recording period. In 8 dogs, transmural biopsies after 1, 5 and 
p» 10 minutes of VF revealed equal decreases of ATP, CP and TAN in the subendocardium and subepicardium. Cor- 
ie | onary perfusion was maintained during the first 20 minutes of VF in 6 additional dogs. An endocardial-epicardial 


УЛ gradient in activation rate did not develop during this period but did develop within 1 minute of halting bypass. 
" Thus, the activation rate gradient during VF is caused by ischemia. It is not caused by transmural differences in 
ischemia, as evidenced by the uniform transmural decrease in high energy phosphates during VF, nor is it 
M caused by transmural differences in temperature. The endocardium appears to play a dominant role in the main- 
| tenance of VF. 


be 821 Improved Internal Defibrillation with Twin Pulse Sequential Energy Delivery to Different Lead 
| Orientations in Pigs 


DOUGLAS L. JONES, GEORGE J. KLEIN, and MICHAEL J. KALLOK 


зар 


Internal cardiac defibrillation using an intravascular catheter was compared with that using twin sequential 

pulses, the first pulse through the catheter and the second through a pulse delivered between the catheter tip in 

the right ventricular apex and a patch electrode on the left ventricular free wall as cathode. Using the catheter 
Continued on page A54 
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Low incidence of side effects Reduces angina attack frequency" 
CARDIZEM® (diltiazem HCl) 42% to 46% decrease reported in 
produces an incidence of adverse multicenter study! 


reactions not greater than that Increases exercise tolerance* 


e E ре snc ТУ, pa In Bruce exercise test? control 
иза of гае "un P patients averaged 8.0 minutes to 
onset of pain; Cardizem patients 






= zem is indicated in the treatm f ris du . 
кошушу spam and in ire aont of angina pectore e averaged 9.8 minutes (Р<.005). 
ЄЎ, ` angina (classic effort-associated angina) in patients who cannot 


ое “therapy with beta-blockers and/or сов ог who remain ® 
E ee WE Mure кы XM. Parish АХ ot al: Safety and efficacy (diltiazem НСІ) 
Fetes of diltiaz on очы. 
| H ч я và Do ol PE ? x ad gren $c. Bon anno 0 The и: et of exercise- THE BALANCED 
|». -. . Anducib chro angina tiazem: on treadmill 
(exercise. Chest 78 (July варрі):254-238, 1980 CALCIUM CHANNEL BLOCKER 


Please see full prescribing information on following page. 2/84 












PROFESSIONAL USE INFORMATION 


e 


diltiazem НСІ) 


30 mg and 60 mg tablets 





DESCRIPTION 

CARDIZEM" (diltiazem hydrochloride) is a calcium ion influx 
inhibitor (slow channel blocker or calcium antagonist). Chemically, 
diltiazem hydrochloride is 1,5-Benzothiazepin-4(5H)one, 3-(acetyloxy) 
-5-[2-(dimethylamino)ethyl |-2,3-dihydro-2-(4-methoxyphenyl)-, 
monohydrochloride,(+) -cis-. The chemical structure is: 


OCH, 


e HCI 


S 
N 
| О 


CH5CH5N(CHjI; 


Diltiazem hydrochloride is a white to off-white crystalline powder 
with a bitter taste. It is soluble in water, methanol, and chloroform. 
It has a molecular weight of 450.98. Each tablet of CARDIZEM 
contains either 30 mg or 60 mg diltiazem hydrochloride for oral 
administration. 


CLINICAL PHARMACOLOGY 

The therapeutic benefits achieved with CARDIZEM are believed 
to be related to its ability to inhibit the influx of calcium ions 
AM membrane depolarization of cardiac and vascular smooth 
muscle. 

Mechanisms of Action. Although precise mechanisms of its 
antianginal actions are still being delineated, CARDIZEM is believed 
to act in the following ways: 

1. Angina Due to Coronary Artery Spasm: CARDIZEM has been 
shown to be a potent dilator of coronary arteries both epicardial 
and subendocardial. Spontaneous and ergonovine-induced cor- 
onary artery spasm are inhibited by CARDIZEM. 

. Exertional Angina: CARDIZEM has been shown to produce 
increases in exercise tolerance, probably due to its ability to 
reduce myocardial oxygen demand. This is accomplished via 
reductions in heart rate and systemic blood pressure at submaximal 
and maximal exercise work loads. 

In animal models, diltiazem interferes with the slow inward 
(depolarizing) current in excitable tissue. It causes excitation-contraction 
uncoupling in various myocardial tissues without changes in the 
configuration of the action potential. Diltiazem produces relaxation 
of coronary vascular smooth muscle and dilation of both large and 
small coronary arteries at drug levels which cause little or no 
negative inotropic effect. The resultant increases in coronary blood 
flow (epicardial and subendocardial) occur in ischemic and nonischemic 
models and are accompanied by dose-dependent decreases in sys- 
temic blood pressure and decreases in peripheral resistance. 

Hemodynamic and Electrophysiologic Effects. Like other 
calcium antagonists, diltiazem decreases sinoatrial and atrioventricu- 
lar conduction in isolated tissues and has a negative inotropic effect 
in isolated preparations. In the intact animal, prolongation of the AH 
interval can be seen at higher doses. 

In man, diltiazem prevents spontaneous and ergonovine-provoked 
coronary artery spasm. It causes a decrease in peripheral vascular 
resistance and a modest fall in blood pressure and, in exercise 
tolerance studies in patients with ischemic heart disease, reduces 
the heart rate-blood pressure product for any given work load. 
Studies to date, primarily in patients with good ventricular function, 
have not revealed evidence of a negative inotropic effect; cardiac 
output, ejection fraction, and left ventricular end diastolic pressure 
have not been affected. There are as yet few data on the interaction 
of diltiazem and beta-blockers. Resting heart rate is usually unchanged 
or slightly reduced by diltiazem. 

Intravenous diltiazem in doses of 20 mg prolongs AH conduction 
time and AV node functional and effective refractory periods approxi- 
mately 20%. In a study involving single oral doses of 300 mg of 
CARDIZEM in six normal volunteers, the average maximum PR 
prolongation was 1496 with no instances of greater than first-degree 
AV block. Diltiazem-associated prolongation of the AH interval is not 
more pronounced in patients with first-degree heart block. In patients 
with sick sinus syndrome, diltiazem significantly prolongs sinus 
cycle length (up to 5096 in some cases). 

Chronic oral administration of CARDIZEM in doses of up to 240 
mg/day has resulted in small increases in PR interval, but has not 
usually produced abnormal prolongation. There were, however, three 
instances of second-degree AV block and one instance of third- 
degree AV block in a group of 959 chronically treated patients. 

Pharmacokinetics and Metabolism. Diltiazem is absorbed 
from the tablet formulation to about 8096 of a reference capsule and 
IS subject to an extensive first-pass effect, giving an absolute 
bioavailability (compared to intravenous dosing) of about 40%. CARDIZEM 
undergoes extensive hepatic metabolism in which 296 to 496 of the 
unchanged drug appears in the urine. In vitro binding studies show 
CARDIZEM is 7096 to 8096 bound to plasma proteins. Competitive 
ligand binding studies have also shown CARDIZEM binding is not 
altered by therapeutic concentrations of digoxin, hydrochlorothiazide, 
phenylbutazone, propranolol, salicylic acid, or warfarin. Single oral 
doses of 30 to 120 mg of CARDIZEM result in detectable plasma 
levels within 30 to 60 minutes and peak plasma levels two to three 
hours after drug administration. The plasma elimination half-life 
following single or multiple drug administration is approximately 3.5 
hours. Desacetyl diltiazem is also present in the plasma at levels of 
1096 to 2096 of the parent drug and is 2596 to 5096 as potent a 
coronary vasodilator as diltiazem. Therapeutic blood levels of 
CARDIZEM appear to be in the range of 50 to 200 ng/ml. There is a 
departure from dose-linearity when single doses above 60 mg are 
given; a 120-mg dose gave blood levels three times that of the 60-mg 
dose. There is no information about the effect of renal or hepatic 
impairment on excretion or metabolism of diltiazem. 


INDICATIONS AND USAGE 
1. Angina Pectoris Due to Coronary Artery Spasm. CARDIZEM 


n 


is indicated in the treatment of angina pectoris due to coronary 
artery spasm. CARDIZEM has been shown effective in the 
treatment of spontaneous coronary artery spasm presenting as 
Prinzmetal's variant angina (resting angina with ST-segment 
elevation occurring during attacks). 

2. Chronic Stable Angina (Classic Effort-Associated Angina). 
CARDIZEM is indicated in the management of chronic stable 
angina. CARDIZEM has been effective in controlled trials in 
reducing angina frequency and increasing exercise tolerance. 

There are no controlled studies of the effectiveness of the concomi- 

tant use of diltiazem and beta-blockers or of the safety of this 
combination in patients with impaired ventricular function or conduc- 
tion abnormalities. 


CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick sinus 
syndrome except in the presence of a functioning ventricular pacemaker, 
(2) patients with second- or third-degree AV block except in the 
presence of a functioning ventricular pacemaker, and (3) patients 
with hypotension (less than 90 mm Hg systolic). 


WARNINGS 

1. Cardiac Conduction. CARDIZEM prolongs AV node refrac- 
tory periods without significantly prolonging sinus node recov- 
ery time, except in patients with sick sinus syndrome. This 
effect may rarely result in abnormally slow heart rates (particularly 
in patients with sick sinus syndrome) or second- or third-degree 
AV block (six of 1243 patients for 0.48%). Concomitant use of 
diltiazem with beta-blockers or digitalis may result in additive 
effects on cardiac conduction. A patient with Prinzmetal's 
angina developed periods of asystole (2 to 5 seconds) after a 
single dose of 60 mg of diltiazem. 

. Congestive Heart Failure. Although diltiazem has a negative 
inotropic effect in isolated animal tissue preparations, hemodynamic 
studies in humans with normal ventricular function have not 
shown a reduction in cardiac index nor consistent negative 
effects on contractility (dp/dt). Experience with the use of 
CARDIZEM alone or in combination with beta-blockers in patients 
with impaired ventricular function is very limited. Caution should 
be exercised when using the drug in such patients. 

. Hypotension. Decreases in blood pressure associated with 
CARDIZEM therapy may occasionally result in symptomatic 
hypotension. 

4. Acute Hepatic Injury. In rare instances, patients receiving 
CARDIZEM have exhibited reversible acute hepatic injury as 
evidenced by moderate to extreme elevations of liver enzymes. 
(See PRECAUTIONS and ADVERSE REACTIONS.) 


PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) is extensively metab- 
olized by the liver and excreted by the kidneys and in bile. As with any 
new drug given over prolonged periods, laboratory parameters should 
be monitored at regular intervals. The drug should be used with 
caution in patients with impaired renal or hepatic function. In sub- 
acute and chronic dog and rat studies designed to produce toxicity, 
high doses of diltiazem were associated with hepatic damage. In 
special subacute hepatic studies, oral doses of 125 mg/kg and 
higher in rats were associated with histological changes in the liver 
which were reversible when the drug was discontinued. In dogs, 
doses of 20 mg/kg were also associated with hepatic changes; 
however, these changes were reversible with continued dosing. 

Drug Interaction. Pharmacologic studies indicate that there 
may be additive effects in prolonging AV conduction when using 
beta-blockers or digitalis concomitantly with CARDIZEM. (See 
WARNINGS). 

Controlled and uncontrolled domestic studies suggest that con- 
comitant use of CARDIZEM and beta-blockers or digitalis is usually 
well tolerated. Available data are not sufficient, however, to predict 
the effects of concomitant treatment, particularly in patients with left 
ventricular dysfunction or cardiac conduction abnormalities. In healthy 
volunteers, diltiazem has been shown to increase serum digoxin 
levels up to 20%. 

Carcinogenesis, Mutagenesis, Impairment of Fertility. A 
24-month study in rats and a 21-month study in mice showed no 
evidence of carcinogenicity. There was also no mutagenic response 
in in vitro bacterial tests. No intrinsic effect on fertility was observed 
in rats. 

Pregnancy. Category C. Reproduction studies have been con- 
ducted in mice, rats, and rabbits. Administration of doses ranging 
from five to ten times greater (on a mg/kg basis) than the daily 
recommended therapeutic dose has resulted in embryo and fetal 
lethality. These doses, in some studies, have been reported to cause 
skeletal abnormalities. In the perinatal/postnatal studies, there was 
some reduction in early individual pup weights and survival rates. 
There was an increased incidence of stillbirths at doses of 20 times 
the human dose or greater. 

There are no well-controlled studies in pregnant women: therefore, 
use CARDIZEM in pregnant women only if the potential benefit 
justifies the potential risk to the fetus. 

Nursing Mothers. It is not known whether this drug is excreted 
in human milk. Because many drugs are excreted in human milk, 
exercise caution when CARDIZEM is administered to a nursing 
woman if the drug's benefits are thought to outweigh its potential 
risks in this situation. 

Pediatric Use. Safety and effectiveness in children have not 
been established. 


ADVERSE REACTIONS 

Serious adverse reactions have been rare in studies carried out to 
date, but it should be recognized that patients with impaired ventricu- 
lar function and cardiac conduction abnormalities have usually been 
excluded. 

In domestic placebo-controlled trials, the incidence of adverse 
reactions reported during CARDIZEM therapy was not greater than 
that reported during placebo therapy. 

The following represent occurrences observed in clinical studies 
which can be at least reasonably associated with the pharmacology 
of calcium influx inhibition. In many cases, the relationship to 
CARDIZEM has not been established. The most common occurrences, 
as well as their frequency of presentation, are: edema (2.496), 
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headache (2.1%), nausea (1.9%), dizziness (1.5%), rash (1.3 
asthenia (1.2%), AV block (1.1%). In addition, the éollowing eve 
were reported infrequently (less than 1%) with the order of prese 
tion corresponding to the relative frequency of occurrence. 


Cardiovascular: Flushing, arrhythmia, hypotension, brady 
dia, palpitations, congestive heart failu 
syncope. 

Paresthesia, nervousness, somnolen 
tremor, insomnia, hallucinations, and amne 
Constipation, dyspepsia, diarrhea, vomiti 
mild elevations of alkaline phosphatase, SG 
SGPT, and LDH. 

Dermatologic: Pruritus, petechiae, urticaria, photosensitiv 
Other: Polyuria, nocturia. 


The following additional experiences have been noted: 

A patient with Prinzmetal's angina experiencing episodes 
vasospastic angina developed periods of transient asymptoma 
asystole approximately five hours after receiving a single 60- 
dose of CARDIZEM. 

The following postmarketing events have been reported inf 
quently in patients receiving CARDIZEM: erythema multiforme; | 
kopenia; and extreme elevations of alkaline phosphatase, SG 
SGPT, LDH, and CPK. However, a definitive cause and effect betw 
these events anc CARDIZEM therapy is yet to be established. 


OVERDOSAGE OR EXAGGERATED RESPONSE 
Overdosage experience with oral diltiazem has been limit 
Single oral doses of 300 mg of CARDIZEM have been well tolerat 
by healthy volunteers. In the event of overdosage or exaggerat 
response, appropriate gae measures should be employed 
addition to gastric lavage. The following measures may be considere 


Nervous System: 


Gastrointestinal: 


Bradycardia Administer atropine (0.60 to 1.0 mg). If the 
is no response to vagal blockade, administ 
isoproterenol cautiously. 

High-Degree AV Treat as for bradycardia above. Fixed hig 

Block degree AV block should be treated with c 


diac pacing. 

Administer inotropic agents (isoproteren 
dopamine, or dobutamine) and diuretics. 
Vasopressors (eg, dopamine or levarteren 
bitartrate). 


Actual treatment and dosage should depend on the severity of t 
Clinical situation and the judgment and experience of the treati 
physician. 

The oral/LD.,'s in mice and rats range from 415 to 740 mg/ 
and from 560 to 810 mg/kg, respectively. The intravenous 10. 5 
these species were 60 and 38 mg/kg, respectively. The oral LB., i 
dogs is considered to be in excess of 50 mg/kg, while lethality w 
seen in monkeys at 360 mg/kg. The toxic dose in man is not know 
but blood levels in excess of 800 ng/ml have not been associat 
with toxicity. 


DOSAGE AND ADMINISTRATION 

Exertional Angina Pectoris Due to Atherosclerotic Cor 
nary Artery Disease or Angina Pectoris at Rest Due to Co 
nary Artery Spasm. Dosage must be adjusted to each patient’ 


Cardiac Failure 


Hypotension 


respond to any dosage level, the average optimum dosage rang 
appears to be 180 to 240 mg/day. There are no available data concer 
ing dosage requirements in patients with impaired renal or hepati 
function. If the drug must be used in such patients, titration should 
carried out with particular caution. 

Concomitant Use With Other Antianginal Agents: 

1. Sublingual NTG may be taken as required to abort acut 
anginal attacks during CARDIZEM therapy. 

2. Prophylactic Nitrate Therapy — CARDIZEM may be safel 
coadministered with short- and long-acting nitrates, but ther 
have been no controlled studies to evaluate the antiangin 
effectiveness of this combination. 

3. Beta-blockers. (See WARNINGS and PRECAUTIONS.) 


HOW SUPPLIED 
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Another patient benefit product from 
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Find the hidden pacemaker 
in this picture. 
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Medtronic Classix Pacing System. 


Pulse Generator — Intended Uses 


The Classix™ Pacemakers are single chamber 
multi-programmable, and have a wide range of 
pacing applications. In the ventricular (V VI) 
pacing mode, Classix is intended for long-term 
therapeutic control of heart rate in patients 
with impulse formation or conduction disorders 
leading to bradyarrhythmias, tachyarrhythmias 
and heart block (see product labeling for 
detailed list of intended uses). In atrial (AAT) 
applications, Classix is intended for long-term 
therapeutic control of heart rate in patients 
with impulse formation disorders but with intact, 
functioning A-V conduction systems. 


Target Tip™ Leads—Intended Uses 


Medtronic implantable pacing leads are designed 
to be used with Medtronic pulse generators as 
part of a cardiac pacing system. 


Refer to the Technical Manuals provided with 
these products for Warnings, Precautions, 
Contraindications and Side Effects associated 
with the devices described herein. 


9710 Programmer- Intended Uses 


The Medtronic Model 9710 Pacemaker 
Programmer is intended for use by a physician to 
noninvasively pro Medtronic programmable 
pulse generators. Specific applications are __ 
determined by the software cartridge plugged into 
the programmer at the time of its use. The 
programmer may also be used to measure (via 
skin electrodes) rate, and pulse width of an 
implanted pacemaker, produce a 10-second ECG 
‘dune and receive telemetered information 

m pacemakers with this capability. 
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EXERCISE 


This comprehensive work covers every aspect of exercise and 
its role in Diagnosis, Treatment, and Prevention of cardiac 
disease. 


The scope of EXERCISE IN CARDIOVASCULAR HEALTH 
AND DISEASE is so broad that it goes from something as basic as 
a detailed study of the heart muscle itself to the latest advances in 


cardiac rehabilitation. 
Special attention is given to such subjects as: 


O Present status of exercise testing and training in terms of 


physiological bases and clinical applications 
Г1 Nuclear cardiology 
O Computer analysis of the exercise ECG 
O Stress myocardial scintigraphy 


Г1 Various interpretations of exercise tests in the asymptomatic 


population 


The editors have brought together a distinguished group of 
specialists—all of whom have made major contributions to the 
field. Included are outstanding scientists, clinicians, exercise 


physiologists, and physical educators. 


For you who have any interest—professional or personal—in 
exercise and the heart, we urge you to /ook at a copy of 


EXERCISE IN CARDIOVASCULAR HEALTH AND DISEASE. 
That's right! You're invited to /ook it over before buying it. 


Send for your copy of Exercise in Cardiovascular Health and 


Disease today. Then use it for 30 days without risk. 


For every professional with an 
interest in Exercise and the Heart. 


in Cardiovascular 
Health and Disease 


Edited by 
Ezra A. Amsterdam, MD, Chief Coronary Care Unit, 
Univ. of Calif. School of Medicine 
Jack H. Wilmore, PhD, Professor and Head Dept. 
of Physical Education & Athletics, Univ. Arizona 
Anthony N. DeMaria, MD, Dir. Echocardiography Section, 
Univ. of Calif. School of Medicine 


SEPTEMBER 1977, 408 PAGES, ILLUS. 
Е METTE t d 
— M MM a — UM— Mí M MÀ M À——  —  ——— € —M 
Yorke Medical Books АЈСС5 
Вох C-757, Brooklyn, New York 11205 


Please send me a copy of EXERCISE in Cardiovascular Health and Disease 
for 30 days free examination and use. If | decide to keep it, your invoice 
will be honored ($42.50 plus shipping cost). Otherwise, the book will be 
returned for full refund or credit. 


О Full payment enclosed, publisher pays shipping. 
Г] Please bill me, plus cost of shipping. 
O Charge my credit card: [7] MasterCard O Visa. 
Сага’ NO SEE LA SERED ee Expire Эа. 2120.7 0 ш in 
New York residents add applicable sales tax. Countries outside Western 
Hemisphere add $5.00 per copy. 
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The first 6mm thin, 1-оипсе, single-chamber pacemaker 


































Classix is part of a 
comprehensive pacing system 


* Unipolar and bipolar models 

* Fully compatible with the 
portable, powerful, and 
easy-to-use 9710 Programmer 

* Low threshold uet TiD 
Leads are designed to require 
less energy for capture. This 


Introducing a classic pacing 
system based on proven 
circuitry, now offered in the 
smallest pacemaker. 


Compare Classix to the other 
“small” pacemakers 


Mass Dimensions Thickness 


(g) (mm) (mm) 
Classix 285 41x62x 6 enhances patient safety and 
Quantum 40/45 47x52x 8.4 


ProgrammalithI 35/37 41x48x 84 maximizes battery longevity. 
A new generation of 
pacemakers— based on the 
dependable electronics of the 


The natural shape and reduced 
size of Classix enhances pocket 


stability and patient comfort. Specttax t Гани. 

Six programmable functions, The circuitry of the Classix 
three pacing modes, full Pacemaker is similar in design 
telemetry. and function to the Spectrax 


SXT "the world’s most prescribed 
pacemaker. The Classix inherits this 
tradition of superior performance 
and reliability in a new generation 
of smaller, lighter pacemakers. 


* Multi-programmable in six 
functions —rate, pulse width, 
sensitivity, hysteresis, output 
voltage, refractory poxi 

* Programmable in demand, 
synchronous, and asynchronous 
modes 

* Atrial or ventricular applications 


Now Medtronic brings you the 
smallest, multi-programmable, 
telemetered pacemaker available. 


Telemetry provides an 
invaluable diagnostic tool for 
effective patient management 
* All six programmed parameters 
* Battery status 

• A or V intracardiac electrogram 
* Ten-second ECG via 9710 


Medtronic E) 


People making life easter. 
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alone, an average of 44 J defibrillated normal pig hearts. Defibrillation improved with sequential twin pulses, the 
improvement being dependent on pulse separation (42, 34 and 19 J at 100-, 10-, and 1-ms separation, respec- 
tively). Thus, sequential twin pulse defibrillation provides a reduction in energy necessary for defibrillation in 
comparison with single pulse using the catheter alone. The optimal separation was 1.0 ms. The sequential pulse 
system may be useful in the design of an implantable automatic defibrillator. 


826 Transcatheter Closure of Patent Ductus Arteriosus in Piglets 


JAMES E. LOCK, JOHN L. BASS, GUNNAR LUND, JOSEPH A. RYSAVY, and RUSSELL V. LUCAS, Jr. 


To better determine the potential risks of transcatheter closure of a patent ductus arteriosus (PDA), a model of 
PDA was made in newborn piglets by using 5- to 7-mm angioplasty catheters to dilate the probe patent ductus 
arteriosus. This maneuver resulted in a “permanent” PDA in most piglets. Four to 6 weeks later we attempted 
PDA closure using the Rashkind PDA occluder. Twelve such procedures were attempted, using a clean but non- 
sterile technique. Nine of 12 PDAs were successfully closed. Two failures were due to an inability to successful- 
ly traverse the PDA. This problem was solved by using a long sheath to position the device properly. Four com- 
plications occurred, all related to device release: left pulmonary artery embolization in 1 patient, femoral artery 
embolization in 1, torn pulmonic valve cusp in 1, and lodgment of a prothesis on a pulmonic valve cusp in 1. Two 
successfully implanted devices were infected at necropsy. This study shows the value of a piglet model in test- 
ing transcatheter PDA occlusion devices, the importance of sterile technique in such procedures, the hazards 
of device retrieval through the right heart, and the feasibility of transcatheter PDA closure using available 
techniques. 


830 Limitations of Fluorocarbons in Reducing Myocardial Infarct Size 


835 


839 


842 


843 


844 


845 


847 


PHILIPPE MENASCHE, MARCIO ESCORSIN, PIERRE BIRKUI, ANNE LAVERGNE, MICHEL FAUCHET, 
PIERRE COMMIN, PACO LORENTE, ROBERT P. GEYER, and ARMAND PIWNICA 


This study assesses the effects of fluorocarbons on myocardial infarct size in non-exchange-transfused open- 
chest dogs subjected either to a 3-hour occlusion of the left-anterior descending artery followed by 2 hours of 
reperfusion or to a 5-hour permanent coronary occlusion. In both models, fluorocarbons failed to reduce infarct 
size compared to saline-treated controls. However, in control dogs, the extent of necrosis was greater in reper- 
fused animals than in those subjected to permanent occlusion, whereas this reperfusion injury was avoided by 
the use of fluorocarbons. 


EDITORIALS 


Asymmetry in Hypertrophic Cardiomyopathy: The Septal to Free Wall Thickness Ratio Revisited 


BARRY J. MARON 


Peri-Infarction Block (1950)—Late Potentials (1980): Their Relationship, Significance and Diagnostic 
Implications 


BENJAMIN J. SCHERLAG, CHESTERFIELD G. GUNN, EDWARD J. BERBARI, and RALPH LAZZARA 


BRIEF REPORTS 


Percutaneous Transluminal Coronary Angioplasty in Acute Myocardial Infarction Without Prior 
Thrombolytic Therapy 


R. SRIRAM, G. MARTIN MULLEN, ALBERTO FOSCHI, and J. P. BICOFF 


Acute Pericarditis After Percutaneous Transluminal Coronary Angioplasty 


JOHN D. SLACK, CASS A. PINKERTON, and WILLIAM K. NASSER 


Myocardial Ischemia During Intravenous Nicardipine Administration 


CHARLES R. LAMBERT, JAMES A. HILL, ROBERT L. FELDMAN, and CARL J. PEPINE 


Right Coronary Angiography During Left Anterior Descending Angioplasty: Collateral Visualization as 
a Guide to Balloon Positioning 


ROBERT G. MACDONALD and ROBERT L. FELDMAN 


Cocaine-Induced Angina Pectoris and Acute Myocardial Infarction in Patients Younger Than 40 Years 


PETER F. PASTERNACK, STEPHEN B. COLVIN, and F. GREGORY BAUMANN 
Continued on page A61 
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REPUTATION FOR PRODUCT RELIABILITY 
CANNOT BE GROWN OVERNIGHT. 
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Какаш FUKUDA 

DENSHI PATIENT MONITORING 

. . .FROM A LAND WHERE ki 
QUALITY IS A NATIONAL ETHIC.  - 


No longer must your staff be t. 
asked to choose between reliability — 
and technology. Between ease of 
use and sophistication. Or, features 
and low cost. 

Because after 45 years of world- 
wide experience, Fukuda Denshi 
has learned— better than most— 
how to design and produce reli- 
able medical instrumentation. 

It's even said that Fukuda Denshi 
will stop an entire production line 
to find the cause of a single flaw. 

The unforgiving production 
standards mandate that even the 
shipping clerks wear white gloves 
to assure utmost quality to the 
very end. 

See for yourself. When a repre- 
sentative for Fukuda Denshi calls 
on you, ask for a demonstration. b 
You'll be impressed by the perform- 
ance, the reliability and the price. 

For more information call toll- 
free at 1-800-453-5736. Fukuda 
Denshi America Corp., 12539 130th 
Lane NE, Kirkland, Washington 
98034. 
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Fukuda Denshi's 8-patient color monitor; 
bedside monitor; bedside monitor with full — 
telemetry, stand alone arrhythmia 
computer and cardiac output computer. 








Digoxin therapy with tablets тау be compromised by: 


О many commonly coadministered drugs, eg, 
antibiotics, antidiarrheals, antacids, and agents that 
increase or decrease gut motility 


О concurrent GI disease: diarrhea, malabsorption 
syndromes, intestinal diseases, constipation 

Digoxin therapy with Lanoxicaps? (digoxin solution in 
capsules) allows the digoxin to be much more rapidly 
and completely absorbed. Whereas tablet bioavailabil- 
ity is only in the range of 6096 to 8096, bioavailability 
with Lanoxicaps is similar to that following IV adminis- 
tration, 9096 to 100%. Less variability in the amount of 
digoxin absorbed means less risk of over- or under- 
digitalization, improving your patient's safety margin. 
"Bioavailability of digoxin has represented one of the 
most discussed topics of cardiovascular pharma- 
cology of the past decade. The consequent changes in 
pharmaceutical manufacturing have led to prepara- 
tions with nearly optimal bioavailability thus favouring 
a substantial advancement towards a safer treatment" 


Levy G, cited by Malini PL, Strocchi E, Negroni S, et al: 
Greater bioavailability of digoxin in a new capsule preparation. 
Current Therapeutic Research 1983;33:646-650. 


"Data collected so far show that if a product is fully 
bioavailable, the bioavailability in different subjects 
and in the same subject at different times is within a 
very narrow range, say 95—10096. However, if a 
poorly available product has an average bioavailability 
of say 50%, the range in individual patients, and in the 
same patient at different times, covers a tremendous 
range, sometimes from 0 to 10096!" 


Wagner JG: An overview of the analysis and interpretation 
of bioavailability studies in man. Pharmacology 1972;8:102-117. 
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The new standard in digoxin 


Copr. ©1984 Burroughs Wellcome Co. All rights reserved. 


Please see brief summary of prescribing information on following page. 


- 


VARY PATIE (TS. 


"The enhanced bioavailability of the capsule formula- 
tion and the resulting minimized intersubject and 
intrasubject variability in serum digoxin concentra- 
tions make the capsule dosage form the preferred 
form of oral digoxin for use in patients who typically 
have a multitude of factors that can markedly alter 
digoxin bioavailability. 

Johnson BF: Influences of dosage form and other factors 

on variability in digoxin absorption, in Digoxin Therapy: 


The Role of Lanoxicaps^. Burroughs Wellcome Co., 
1983, pp 14-19. 


"The more incompletely a drug is absorbed, the more 
will its absorption vary between patients and in the 
same patient with time. Drug formulation should 
always strive for the most complete bioavailability ... : 


Koch-Weser J: Drug therapy: Bioavailability of drugs 
(second of two parts). N Engl J Med 1974;291:503-506. 


Monograph Available 


To receive a compilation of clinical studies, entitled 
Digoxin Therapy: The Role of Lanoxicaps®, just ask 
your B.W. Co? representative or write: Lanoxicaps 
Monograph, Burroughs Wellcome Co., Research 
Triangle Park, NC 27709. 


0.05 mg 0.1 mg 0.2 mg 


© à 


Actual size 





North Carolina 27709 


delivery LANOXICAPS | 


i digoxin solution in capsules 





% Burroughs Welicome Со. р. 
Research Triangle Park А. 
Wellcome 
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(digoxin solution in capsules 





SAFER FOR MANY PATIENTS 





LANOXICAPS® 


. (digoxin solution in capsules) 


50 ро (0.05 mg) 1.0. Imprint A2C (red) 


` 100 ug (0.1 mg) 1.0. Imprint B2C (yellow) 
- 200 ug (0.2 mg) |.D. Imprint C2C (green) 


Brief Summary of Prescribing Information 

Before using Lanoxicaps* (digoxin solution in capsules), 
the physician should be thoroughly familiar with the 

basic pharmacology of this drug as well as its drug 
interactions and its indications and usage. 
CONTRAINDICATIONS: Digitalis glycosides are con- 
traindicated in ventricular fibrillation. Any untoward effect 
requiring permanent discontinuation of other digitalis prep- 
arations usually constitutes a contraindication to digoxin. 
Hypersensitivity to digoxin itself is a contraindication to its 
use. Allergy to digoxin, though rare, does occur. It may 
not extend to all such preparations, and another digitalis 
glycoside may be tried with caution. 

WARNINGS: The use of digoxin or other digitalis glyco- 
sides in the treatment of obesity is unwarranted and 
dangerous. 

It is recommended that digoxin in soft capsules be 
administered in divided daily doses to minimize any poten- 
tial adverse reactions. Where compliance is considered 
a problem, single daily dosing may be appropriate (see 
DOSAGE AND ADMINISTRATION section in complete 
prescribing information). 

Anorexia, nausea, vomiting and arrhythmias may 
accompany heart failure or may be indications of digitalis 
intoxication. Clinical evaluation of the cause of these 
symptoms should be attempted before further digitalis 
administration. 

Patients with renal insufficiency require smaller than 
usual maintenance doses of digoxin (see DOSAGE AND 
ADMINISTRATION section in complete prescribing 
information). 

Heart failure accompanying acute glomerulonephritis 
requires extreme care in digitalization. Relatively low 
loading and maintenance doses and concomitant use of 


` antihypertensive drugs may be necessary. Careful 


monitoring is essential. Digoxin should be discontinued 
as soon as possible. 

Patients with severe carditis, such as carditis associated 
with rheumatic fever or viral myocarditis, are especially 
sensitive to digoxin-induced disturbances of rhythm. 

Newborn infants display considerable variability in their 
tolerance to digoxin. Premature and immature infants 
are particularly sensitive, and dosage must not only be 


. reduced but must be individualized according to their 
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degree of maturity. 

Note: Digitalis glycosides are an important cause of 
accidental poisoning in children. 
PRECAUTIONS: 
General: Digoxin toxicity develops more frequently and 
lasts longer in patients with renal impairment because of 


. the decreased excretion of digoxin. Therefore, dosage re- 
= quirements will be decreased in patients with moderate to 
severe renal disease (see DOSAGE AND ADMINISTRATION 


Section in complete prescribing information). More time is 
required to achieve an initial or new steady-state concen- 


_ tration in patients with renal impairment than in patients 


with normal renal function. 
In patients with hypokalemia, toxicity may occur despite 
serum digoxin concentrations within the ‘‘normal range"', 


. — because potassium depletion sensitizes the myocardium 

` to digoxin. Hypokalemia may result from diuretic, ampho- 
- tericin B or corticosteroid therapy, and from dialysis or 

. mechanical suction of gastrointestinal secretions. It may 

_ also accompany malnutrition, diarrhea, prolonged 


vomiting, old age and long-standing heart failure. In 


~ general, rapid changes in serum potassium or other elec- 
. trolytes should be avoided, and intravenous treatment with 
X potassium should be reserved for special circumstances as 


described below (see TREATMENT OF ARRHYTHMIAS 


__ PRODUCED BY OVERDOSAGE section in complete pre- 


scribing information). 
Calcium, particularly when administered rapidly by the 


intravenous route, may produce serious arrhythmias in 


.A60 


digitalized patients. Hypercalcemia from any cause pre- 
disposes the patient to digitalis toxicity. Hypocalcemia 
can nullify the effects of digoxin in man; digoxin may be 
ineffective until serum calcium is restored to normal. 

Hypomagnesemia may predispose to digitalis toxicity. If 
low magnesium levels are detected in a patient on digoxin, 
replacement therapy should be instituted. 

Quinidine and verapamil cause a rise in serum digoxin 
concentration, with the implication that digitalis intoxi- 
cation may result. This rise appears to be proportional 
to the dose. Due to the considerable variability of these 
interactions, digoxin dosage should be carefully 
individualized. 

Certain antibiotics may increase digoxin absorption in 
patients who convert digoxin to inactive metabolites in the 
gut (see Pharmacokinetics portion of the CLINICAL 
PHARMACOLOGY section in complete prescribing in- 
formation). The magnitude of rise in serum digoxin con- 
centration may be as much as two-fold in some cases. 
This interaction is significantly reduced if digoxin is given 
as Lanoxicaps. 

Patients with acute myocardial infarction or severe 
pulmonary disease may be unusually sensitive to digoxin- 
induced disturbances of rhythm. 

Atrial arrhythmias associated with hypermetabolic states 
(e.g. hyperthyroidism) are particularly resistant to digoxin 
treatment. Large doses of digoxin are not recommended 
as the only treatment of these arrhythmias and care must 
be taken to avoid toxicity. In hypothyroidism, the digoxin 
requirements are reduced. Digoxin responses in patients 
with compensated thyroid disease are normal. 

Reduction of digoxin dosage may be desirable prior to 
electrical cardioversion to avoid induction of ventricular 
arrhythmias, but the physician must consider the con- 
sequences of rapid increase in ventricular response to 
atrial fibrillation if digoxin is withheld 1 to 2 days prior to 
cardioversion. If there is a suspicion that digitalis toxicity 
exists, elective cardioversion should be delayed. If it is not 
prudent to delay cardioversion, the energy level selected 
should be minimal at first and carefully increased in an 
attempt to avoid precipitating ventricular arrhythmias. 

Incomplete AV block, especially in patients with Stokes- 
Adams attacks, may progress to advanced or complete 
heart block if digoxin is given. 

In some patients with sinus node disease (i.e. Sick 
Sinus Syndrome), digoxin may worsen sinus bradycardia 
or sino-atrial block. 

In patients with Wolff-Parkinson-White Syndrome 
and atrial fibrillation, digoxin can enhance transmission 
of impulses through the accessory pathway. This effect 
may result in extremely rapid ventricular rates and even 
ventricular fibrillation. 

Digoxin may worsen the outflow obstruction in patients 
with idiopathic hypertrophic subaortic stenosis (IHSS). 
Unless cardiac failure is severe, it is doubtful whether 
digoxin should be employed. 

Patients with chronic constrictive pericarditis may fail to 
respond to digoxin. In addition, slowing of the heart rate 
by digoxin in some patients may further decrease cardiac 
output. 

Patients with heart failure from amyloid heart disease or 
constrictive cardiomyopathies respond poorly to treatment 
with digoxin. 

Digoxin is not indicated for the treatment of sinus tachy- 
cardia unless it is associated with heart failure. 

Digoxin may produce false positive ST-T changes in the 
electrocardiogram during exercise testing. 

Intramuscular injection of digoxin is extremely painful 
and offers no advantages unless other routes of adminis- 
tration are contraindicated. 

Drug Interactions: Potassium-depleting corticosteroids 
and diuretics may be major contributing factors to digitalis 
toxicity. Calcium, particularly if administered rapidly by the 
intravenous route, may produce serious arrhythmias. 
Quinidine and verapamil cause a rise in serum digoxin con- 
centration, with the implication that digitalis intoxication 
may result. Certain antibiotics increase digoxin absorption 
in patients who inactivate digoxin by bacterial metabolism 





in the lower intestine, so that digitalis intoxication may 

result. Propantheline and diphenoxylate, by decreasing 

gut motility, may increase digoxin absorption. Antacids, 

kaolin-pectin, sulfasalazine, neomycin, cholestyramine 

and certain anticancer drugs may interfere with intestinal 
digoxin absorption, resulting in unexpectedly low serum 
concentrations. Thyroid administration to a digitalized, 
hypothyroid patient may increase the dose requirement 

of digoxin. Concomitant use of digoxin and sym- 

pathomimetics increases the risk of cardiac arrhythmias, 

because both enhance ectopic pacemaker activity. Suc- 
cinylcholine may cause a sudden extrusion of potassium 
from muscle cells, and may thereby cause arrhythmias in 
digitalized patients. Although 3 adrenergic blockers or cal- 
cium channel blockers and digoxin may be useful in com- 
bination to control atrial fibrillation, their additive effects 
on AV node conduction can result in complete heart block. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: 

There have been no long-term studies performed in 

animals to evaluate carcinogenic potential. 

Pregnancy: Teratogenic Effects: Pregnancy Category C. 

Digoxin should be given to a pregnant woman only if 

Clearly needed. 

Nursing Mothers: Caution should be exercised when 

digoxin is administered to a nursing woman. 

ADVERSE REACTIONS: The frequency and severity of 

adverse reactions to digoxin depend on the dose and route 

of administration, as well as on the patient's underlying 
disease or concomitant therapies (see PRECAUTIONS 
section). The overall incidence of adverse reactions has 
been reported as 5 to 20%, with 15 to 20% being consid- 
ered serious (1 to 4% of patients receiving digoxin). Car- 
diac toxicity accounts for about one-half, gastrointestinal 
disturbances for about one-fourth, and CNS and other 
toxicity for about one-fourth of these adverse reactions. 

Adults: 

Cardiac — Unifocal or multiform ventricular premature 

contractions, especially in bigeminal or trigeminal 

patterns, are the most common arrhythmias associated 
with digoxin toxicity in adults with heart disease. Ventricu- 
lar tachycardia may result from digitalis toxicity. Atrioven- 
tricular (AV) dissociation, accelerated junctional (nodal) 
rhythm and atrial tachycardia with block are also common 
arrhythmias caused by digoxin overdosage. Excessive 
slowing of the pulse is a clinical sign of digoxin over- 
dosage. AV block (Wenckebach) of increasing degree may 
proceed to complete heart block. 

Note: The electrocardiogram is fundamental in 
determining the presence and nature of these 
Cardiac disturbances. 

Gastrointestinal—Anorexia, nausea, vomiting and less 

commonly diarrhea are common early symptoms of over- 

dosage. Uncontrolled heart failure may also produce such 
symptoms. 

CNS— Visual disturbances (blurred or yellow vision), 

headache, weakness, apathy and psychosis can occur. 

Other— Gynecomastia is occasionally observed. 

Infants and Children: Toxicity differs from the adult in a 

number of respects. Anorexia, nausea, vomiting, diarrhea 

and CNS disturbances may be present but are rare as initial 
symptoms in infants. Cardiac arrhythmias are more reli- 
able signs of toxicity. Digoxin in children may produce any 
arrhythmia. The most commonly encountered are conduc- 
tion disturbances or supraventricular tachyarrhythmias, 

Such as atrial tachycardia with or without block, and junc- 

tional (nodal) tachycardia. Ventricular arrhythmias are less 

common. Sinus bradycardia may also be a sign of impend- 
ing digoxin intoxication, especially in infants, even in the 
absence of first degree heart block. Any arrhythmia or 
alteration in cardiac conduction that develops in a child 
taking digoxin should initially be assumed to be a conse- 
quence of digoxin intoxication. 
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Effect of Peripheral Thyroid Hormone Metabolism on Cardiac Arrhythmias 
RODRICK MEESE, THOMAS C. SMITHERMAN, CHARLES H. CROFT, ALBERT BURGER, and 
PASCAL NICOD 


Concomitant Pulsus and U-Wave Alternatives After Head Trauma 
YU-CHEN LEE and FREDERICK J. SUTTON 


Study of Wolff-Parkinson-White Syndrome by Transesophageal Pacing and Assessment of Long-Term 
Amiodarone Therapy 


MARIO D. GONZALEZ, RAUL H. GUILLEN, OSCAR A. PELLIZZON, and ELSA C. RAIMONDI 


Left Atrial-Pulmonary Artery Wedge Pressure Relation: Effect of Elevated Pulmonary Vascular 
Resistance 
RICHARD |. LEVIN and EPHRAIM GLASSMAN 


Relation of Body Habitus to the Severity of Mitral Stenosis in Women 


PASQUALE F. NESTICO, ABDULMASSIH S. ISKANDRIAN, A-HAMID HAKKI, DEMETRIOS KIMBIRIS, 
CHARLES E. BEMIS, and BERNARD L. SEGAL BA 


Patent Ductus Arteriosus, Atrial Septal Defect and Branch Pulmonary Artery Stenosis: A Possible New ӯ Ў 
Syndrome 


LYNN MAHONY, WILLIAM E. SCULLY, DAVID D. WEAVER, DONALD A. GIROD, JOHN W. BROWN, 
RANDALL L. CALDWELL, and ROGER A. HURWITZ 


Recanalization of a Blalock-Taussig Anastomosis Eight Years After Repair of Tetralogy of Fallot 
DELORES DANILOWICZ, CHARLES HUNTER, and GEORGE REED 


Successful Dilatation of a Stenotic Blalock-Taussig Anastomosis by Percutaneous Transluminal 
Balloon Angioplasty 
DONALD R. FISCHER, SANG C. PARK, WILLIAM H. NECHES, LEE B. BEERMAN, 
FREDERICK J. FRICKER, ROBERT A. MATHEWS, JAMES R. ZUBERBUHLER, and 2 
ANNE L. WEDEMEYER д ў 





Hypoplasia of the Apical Trabecular Component of the Morphologically Right Ventricle 
PAUL OLDERSHAW, DAVID WARD, and ROBERT H. ANDERSON 


Cardiac Metabolism and Coronary Hemodynamics Before and After Bypass Surgery for Anomalous M 
Origin of the Left Main Coronary Artery from the Pulmonary Trunk t 
JENS PEDER BAGGER, THOMAS VESTERLUND, and TORSTEN T. NIELSEN E 
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ypertensive - 


Minipress for initial therapy 
(prazosin НСІ) 


ш [s effective when used alone 

ш [Does not cause a significant incidence of sexual 
impotence, although it has been reported' 

= Does not adversely affect blood lipids? 

= Does not lower heart rate, cardiac output or 
work capacity? 

= Does not induce potassium wasting? 

= The most common side effects with Minipress 
are: dizziness, headache, drowsiness, lack of 











E energy, weakness, palpitations, nausea. With 
E Minipress therapy there is a tendency for side 
ie. effects to diminish with time. Syncope (sudden 


loss of consciousness) has been reported in 
about 0.1596 of patients at an initial dose of 

1 mg and in about 1% of patients at an initial 
dose of 2 mg 


*Minipress is not indicated for the treatment of hyperlipidemia. 


Mini 


E Initial Therapy 
in Hypertension 


Please see Minipress brief summary on following page. © 1983, Pfizer Inc. 
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(prazosn HCl) = 


Summary 

MINIPRESS® ( n hydrochloride) Capsules _ . For Oral Use 

INDICATIONS: MINIPRESS (prazosin hydrochloride) is indicated in the treat- 
ment of hypertension. As an antihypertensive drug, it is mild to moderate in activ- 
ity. It can be used as the initial agent or it may be employed in a general treatment 
program in conjunction with a diuretic and/or other antihypertensive drugs as 
needed for рори alient response. 

WARNINGS: Minipress cause with sudden loss of conscious- 
ness. In most cases this is believed to be due to an excessive ral hy- 

ive effect, although occasionally the syncopal 


lon of 
another anti ensive drug into the regimen of a patient taking high 
doses of MINIPRESS. The incidence of syncopal episodes is approxi- 
mately 1% in patients given an initial dose of 2 ы qu inical 
trials conducted during the investi | phase of this suggest that 
syncopal episodes can be minim by limiting the initial dose of the 
lo 1 mg, by subsequently increasing the dosage s , and by intro- 

any ional rg yr drugs into the patient's regimen 


Patients should always be started on the 1 mg capsule of MINIPRESS. The 2 
and 5 mg capsules are not indicated for initial therapy. 

More common than loss of consciousness are the symptoms often associated 
with ed of the blood pressure, namely, dizziness and lightheadedness. The 
patient should be cautioned about these possible adverse effects and advised what 
measures to take should they develop. The patient should also be cautioned to 
avoid situations where injury could result should syncope occur during the initi- 
ation of MINIPRESS vinta 

Usage in Pregnancy: msg: no teratogenic effects were seen in animal 
ШИ, the safety of MINIPRESS in pregnancy has not been established. 
MINIPRESS is not recommended in pregnant women unless the potential benefit 
outweighs potential risk to mother and fetus. 

Usage in Children: No clinical experience is available with the use of 

MINIPRESS in children. 
ADVERSE REACTIONS: The most common reactions associated with 
MINIPRESS therapy are: dizziness 10.3%, headache 7.8%, drowsiness 7.696. lack 
of energy 6.9%, weakness 6.5%, palpitations 5.3%, and nausea 4.9%. In most 
instances side effects have disappeared with continued therapy or have been tol- 
erated with no decrease in dose of drug 

The following reactions have been associated with MINIPRESS some of them 
rarely. (In some instances exact causal relationships have not been established.) 

Gastrointestinal: vomiting, diarrhea, constipation, abdominal discomfort and/ 
or pain. 

Cardiovascular: edema, dyspnea, syncope, tachycardia. 

Central Nervous System: nervousness, vertigo, depression, paresthesia 

Dermatologic: rash, pruritus, alopecia, lichen planus. 

Genitourinary: urinary frequency, incontinence, impotence, priapism 

EENT: blurred vision, reddened sclera, epistaxis, tinnitus, dry mouth, nasal 
congestion. 

Other: diaphoresis. 

Single reports of pigmentary mottling and serous retinopathy, and a few reports 
of cataract development or disappearance have been reported. In these instances 
the exact causal relationship has not been established because the baseline ob- 
servations were frequently inadequate. 

In more specific slit-lamp and tunduscopic studies, which included adequate 
baseline examinations, no drug-related abnormal ophthalmological findings have 


` been reported. 


DOSAGE AND ADMINISTRATION: The dose of MINIPRESS should be adjusted 
according to the patient's individual blood pressure response. The following is a 
Quide to its administration: 

Initial Dose: 1 mg two or three times a oy (See WARNINGS. ) 

Maintenance Dose: Dosage may be slowly increased to a total daily dose of 
20 mg given in divided doses. The therapeutic dosages most Wem employed 
have ranged from 6 mg to 15 mg daily given in divided doses. Doses higher than 
20 mg usually do not increase efficacy; however a few patients may benefit from 
further increases up to a daily dose of 40 mg given in divided doses. Alter initial 
titration some patients can be maintained adequately on a twice daily dosage 
regimen. 

se With Other Drugs: When adding a diuretic or other antihypertensive 
agent, the dose of MINIPRESS should be reduced to 1 mg or 2 mg three times a 
day and retitration then carried out. 
OVERDOSAGE: Accidental ingestion of at least 50 mg of MINIPRESS in a two 
year old child resulted in profound drowsiness and depressed reflexes. No de- 
Crease in blood pressure was noted. Recovery was uneventful 

Should overdosage lead to hypotension, support of the cardiovascular system 
is of first importance. Restoration of blood pressure and normalization of heart 
rate may be accomplished by keeping the patient in the supine position. If this 
measure is inadequate, shock should first be treated with volume expanders. If 
necessary, vasopressors should then be used. Renal function should be monitored 
and supported as needed. Laboratory data indicate MINIPRESS is not dialysable 
because it is protein bound. 

TOXICOLOGY: Testicular changes, necrosis and atrophy have occurred at 25 mg/ 
kg/day (60 times the usual maximum recommended dose of 20 mg per day in hu- 
mans) in long term (one year or more) studies in rats and dogs. No testicular 
changes were seen in rats or dogs at the 10 mg/kg/day level (24 times the usual 
maximum recommended dose of 20 mg per day in humans). In view of the testic- 
ular changes observed in animals, 105 patients on long term MINIPRESS 
(prazosin hydrochloride) therapy were monitored for 17-ketosteroid excretion and 
no changes indicating a drug effect were observed. In addition, 27 males on 
MINIPRESS (prazosin hydrochloride) alone tor up to 51 months did not demon- 
strate сапе in sperm morphology suggestive of drug effect. 

HOW IED: MINIPRESS is available in 1 mg (white #431), 2 mg (pink and 


"white #437) capsules in bottles of 250, 1000, and unit dose institutional pack- 


ages of 100 (10 x 10's); and 5 mg (blue-and white #438) capsules in bottles of 
250, 500 and unit dose institutional packages of 100 (10 x 10's). 
More detailed information available on request. 





References: 1. Lipson LG, Moore D, Pope АМ et al: Sexual dysfunction in hy- 
tensive diabetic men. J Cardiovasc p suppl), April 1981, pp 30-37. 
. Adapted from Kaplan NM: Summary: J Cardiovasc Pharmacol 4 (suppl 2): 
$265, 1982. 3. Lund-Johansen P: Hemodynamic changes at rest and during ex- 
ercise in long-term prazosin eran for essential hypertension, in Prazosin Clin- 
ical Symposium Proceedings. Published as a special report by Postgraduate 
Medicine, New York, McGraw-Hill Book and Education Services Group, 1975, pp 
45-52. 4. Pitts NE: The clinical evaluation of prazosin, a new antihypertensive 
agent, in Prazosin Clinical Symposium Proceedings. Published as a special report 
by ti age Medicine, New York, McGraw-Hill Book and Education Services 
Group, 1975, pp 117-127. 
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AIDS 


An important new book on 
today’s most virulent epidemic 





From the Publishers of The American Journal of Medicine, 
The American journal of Surgery, and Cutis 


uire Immune 
Deficiency Syndrome (AIDS) 
and infections of Homosexual Men 


edited by Peari Ma, PhD, and Donald Armstrong, MD with a 
foreword by David J. Sencer, MD, Commissioner of Health, New 
York City; formerly Director, Centers for Disease Control, Public 
Health Service, U.S. Department of Health and Human Services 
0-914316-38-9, 442 pages, illus., 1984, $39.50 





The first scientific presentation to review all the 
facts in full 


AIDS has become one of the most publicized diseases in modern times. It has produced fear and 
confusion in the general public and presented a formidable challenge to the medical community. 
Physicians and scientists have begun work on managing this epidemic, disease control centers con- 
tinue to search for answers, and the federal government has declared AIDS the number one 
health priority of the nation. Understanding this disease demands cooperation between many dif- 
ferent medical specialties, and papers on this subject have been published in many diverse journals 
not regularly read by individual specialists. Now, for the first time, two highly distinguished medical 
experts, Drs. Pearl Ma and Donald Armstrong, have coordinated in one easily accessible volume 
the complete range of interdisciplinary approaches to this complex disease, with contributions by 
the most eminent researchers and physicians in disease control and hospital teaching centers 
throughout the country. Comprehensive coverage is given to the entire spectrum of sexually trans- 
mitted diseases, and an additional section on diagnostic perspectives offers never before published 
material on why this syndrome occurs primarily among homosexual men. For any physician or 
other health care professional interested in the prevention and cure of this modern epidemic, this 
book is an indispensable guide to recognizing and treating AIDS and other sexually transmitted 
diseases. ) 


Table of Contents 


* PART | SEXUALLY TRANSMITTED DISEASES — NONDIARRHEAL © PART 2 SEXUALLY 
TRANSMITTED DISEASES — DIARRHEAL * PART 3 OTHER SEXUALLY TRANSMITTED 
DISEASES * PART 4 INFECTIOUS AND NEOPLASTIC COMPLICATIONS OF AIDS • PART 5 
IMMUNOLOGICAL EVALUATION METHODS AND CONTROLS * PART 6 DIAGNOSTIC 
PERSPECTIVE 




















Г. Order Form AJCC5 | 
Send orders to: | 
Yorke Medical Books ALL BOOKS SENT ON | 
Box C-757, Brooklyn, New York 11205 30 DAY APPROVAL | 
Please send me the following book: | 
Û Acquired Immune Deficiency Syndrome (AIDS) and Infections of Homosexual Men $39.50 (00034) | 
О Enclosed is my check for — — ^ ^— — which includes $1.50 for handling. York pays postage. Same | 
return privilege. New York residents add appropriate sales tax. Add $5.00 per book for orders outside 
the U.S. and Canada. | 
ÛJ Please bil) my Û VISA О MasterCard (same return privilege) | 
Card No. Exp. Date | 
Interbank No. (M/C only) Signature | 
Û Please bill me plus postage and handling. (U.S. and Canadian orders only.) | 
Мате | 
Address | 
City/State/Zip | 





Customers in the following states please include applicable sales tax: CA, CT, GA. IL, MA, MI. NY, OH, PA, TX. All foreign orders must | 
be prepaid in U.S. funds with a check drawn on a U.S. bank or charged to a credit card. Please add $5.00 per book for all orders to be 
shipped outside the U.S. and Canada | 


is ` 





"The грам and Treatment 
А еа Approach to Rheumatology 
with the Primary Care Physician in Mind 


Rheumatology 





Written by: 
Bruce M. Rothschild, MD 


f | Director, Division of Rheumatology, University Health Sciences, 
E | | . The Chicago Medical School Chief, Section of Rheumatology, V.A. 
f 


MW Medical Center North Chicago, Illinois 
de ISBN 0-914316-33-8, $42.50, 430 pp., illus., 1982. 


What is Rheumatology: A Primary Care Approach? 

€ a succinct (approx. 450 pp.) yet comprehensive presentation of the latest tech- 
niques in diagnosis and therapeutic interventions of most use to the primary 
care physician 

~e a practical “how-to” desk reference to a difficult but common disease affecting 

over 35 million patients in the U.S. alone 

€ a book meant to be used regularly, not read once and stored away on a library 
shelf 

€ the primary care physicians' answer to the huge, weighty tomes on Rheumatol- 
ogy which offer too little on diagnosis and treatment and too much on etiology 
and mechanisms of disease 


Abbreviated Table of Contents 


Section 1 Investigative Techniques 
Section 2 Patterns 
Section 3 Management 


“This compact, well-designed and generally informative volume is a useful refer- 

ence for the management of rheumatic disease by physicians who deliver primary 

care. The family physician will undoubtedly use this frequently as a reference." 
Charles M. Plotz, MD American Family Physician 


~ “This book is a good primer for students, residents, and health professionals who 
would like a glimpse into rheumatology. It can be recommended for all but the 
specialist (but perhaps the specialist should read it, too, to see what those he is 
training are learning). " 
George E. Ehrlich, MD JAMA September '83 


This is a superb text by a sensitive, concerned, organized author of international 
repute . . . Each chapter is well outlined, concise, practical, and has a current and 
appropriate bibliography at the епа. . . a skillfully structured text which is a qual- 
ity contribution . . . a very readable text." 

John A. Feagin, Jr., MD Military Medicine March '83 
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(nitroglycerin rablers, USP) 


Before prescribing, please see 
full prescribing information. 
A Brief Summary follows: 


INDICATIONS 


Nirroglycerin is indicated for rhe prophylaxis, — 


treatment and management of patients 
with angina pecroris. 


CONTRAINDICATIONS 

Sublingual nitroglycerin therapy is contro- 
indicated in patients with early myocardial 
infarction, severe anemia, increased intra- 
cranial pressure, and those with a known 


‘hypersensitivity ro nitroglycerin. 


PRECAUTIONS 

Only the smallest dose required for effec- 
rive relief of the acure anginal orrack 
should be used. Excessive use may lead ro 
rhe development of tolerance. Nitrostat 
rablers are inrended for sublingual or buc- 
cal administration and should nor be swal- 
lowed. The drug should be disconrinued 

if blurring of vision or drying of rhe mouth 
occurs. Excessive dosage of nitroglycerin 
may produce severe headaches. 


ADVERSE REACTIONS 

Transient headache may occur immedi- 
ately after use. Vertigo, weakness, palpita- 
rion, and orher manifesrarions of posrural 
hyporension may develop occasionally, 
particularly in erect, immobile patients. 
Syncope due ro nitrate vasodilation has 
been reported. Alcohol may accentuate 
the cerebral ischemia symptoms. 


METHOD OF ADMINISTRATION 

One tablet should be dissolved under the 
rongue or in rhe buccal pouch ar rhe first 
sign of an acure anginal arrack. The dose 
may be repeated approximately every five 
minutes until relief is obrained. Nirrosrar 
may be used prophylacrically five ro ren 
minutes prior ro engaging in acriviries 
which mighr precipitate an acute attack. 


HOW SUPPLIED 

Nirrosrar is supplied in four strengths in 
bottles containing 100 roblers each, with 
color-coded labels, and іп color-coded 
Parient Convenience Packages of four 
borrles of 25 roblers each. 


0.15 mg (1/400 grain): 
N 0071-0568-24— Dorrle of 100 rablers; 
N 0071-0568-.13— Convenience Package. 


0.3 mg (1/200 grain): 
N 0071-0569-24 — Dortle of 100 roblers; 
N 0071-0569-13— Convenience Package. 


0.4 mg (1/150 grain): 
N 0071-0570-24 — Dortle of 100 rablers; 
N 0071-057043— Convenience Package. 


0.6 mg (1/100 grain): 
N 0071-0571-24 — Dortle of 100 rablers; 


N 0071-057143— Convenience Package. 
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So does 
NITROSTAT 


eramê, (nitroglycerin tablets, USP 








тоо, has built-in prorection— 
los К сеп. In fact, NITROSTAT is more 
Иа than "ЕКЕ ОГО! Be сенг rablers under all conditions 
of temperature and humidity tested. 

Dur that's nor all. Average assay still shows better than 100% of label 
claim for ar least 60 months after manufacture of NITROSTAT Because 
of this stability NITROSTAT has a five-year expiration dare* | 

Whars more, only NITROSTAT Tablets are available in convenient 
packages of 4 x 25 rablers. So emergency angina relief can be ready 
when needed in four different locations. “Because of its rapid action, 
long-established efficacy and low cost, nitroglycerin is the most useful 
drug among the organic nitrates that can be given sublingually"' 
NITROSTAT... useful alone or as concomitant therapy with long-acting 
nitrates or propranolol. 


*Five-yeor expiration dore when stored or recommended storage conditions in on unopened borrle à 
Dara on file, Medical Affairs Depr, Parke-Davis 


REFERENCE: 1. Needleman P Johnson EM Jr. Vasodilorors and the treatment of angina, in Gilman AG. Goodman LS, Gilman A (eds). 
Goodman and Gilman's The Pharmacological Basis of Therapeutics. ed 6 New York, Macmillan Publishing Co. Inc, 1980, pp 819-833. 
Please see preceding page for brief summary of prescribing information. 
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Effect of Digitalis Treatment on Survival After Acute 
Myocardial Infarction 


J. THOMAS BIGGER, Jr., MD, JOSEPH L. FLEISS, PhD, LINDA M. ROLNITZKY, MS, 
JACQUES P. MERAB, MD, and KEVIN J. FERRICK, MD 





To determine whether treatment with digitalis is 
associated with decreased survival after acute 
myocardial infarction (AMI), data from 504 patients 
who were enrolled in a postinfarction natural history 
study were analyzed. At the time of discharge, 229 
patients (4596) were taking digitalis. After 3 years 
of follow-up, the cumulative survival rate for patients 
discharged on a regimen of digitalis was 66%, 
compared with 87% for those not treated (p 
<0.001). Univariate analysis showed that statisti- 
Cally significant differences existed between the 2 
groups with respect to age, previous AMI, left ven- 
tricular failure in the coronary care unit, atrial fi- 
brillation in the coronary care unit, peak creatine 
kinase levels, enlarged heart and pulmonary vas- 
cular congestion on the discharge chest x-ray, 
ventricular arrhythmias and treatment with diuretic, 
antiarrhythmic and (-blocking drugs. Survival 
analysis using Cox’s regression model showed that 
the association between digitalis and decreased 
survival was of borderline significance after ad- 





justment for atrial fibrillation and left ventricular ~ 


failure. 


Serum digoxin concentration was measured in 
83% of the patients who took digitalis. Survival was _ 


inversely and significantly related to serum digoxin, 


i.e., the higher the serum digoxin concentration, the _ 
lower the long-term survival rate. After adjusting for — 


atrial fibrillation and left ventricular failure, serum 
digoxin was not significantly related to survival. 

Taken together with the results of 3 other large, 
nonrandomized studies of digitalis treatment after 
AMI, this study suggests that digitalis treatment may 
have adverse effects on survival during follow-up. 
Until this question is definitively answered by con- 
trolled, randomized clinical studies, clinicians should 
ask themselves, in each case, whether treatment 
is really needed for left ventricular dysfunction after 
myocardial infarction and, if so, which treatment has 
the best risk-benefit ratio. 


(Am J Cardiol 1985;55:623-630) 
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'The use of digitalis soon after acute myocardial in- 
farction (AMI) has come under intense scrutiny as ev- 
idence accrues to suggest deleterious effects in that 
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setting.!-3 Digitalis could aggravate myocardial ische- 
mia, increasing myocardial oxygen demand because of | 


its direct inotropic action or by increasing systemic 


vascular resistance. Intravenous digitalis can decrease 


myocardial oxygen supply by causing coronary vaso- 
constriction.*? In addition, digitalis can cause ar- 
rhythmic toxicity to which the ischemic myocardium 
may be particularly sensitive.9? Finally, digitalis pro- 
duces a relatively small improvement in left ventricular 
failure in the setting of AMI? 
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survival after AMI has been assessed in 4 large, поп- 
. randomized clinical studies.?-!? All 4 studies used 
| multivariate statistical techniques to adjust for con- 
97 - founding variables to assess the independent association 
- between digitalis use and mortality from all causes after 
| discharge. Moss et al? used death within 4 months as 
= their endpoint and found a statistically significant and 
. large (30%) mortality difference attributable to digitalis 
= in a subgroup with both left ventricular failure and 
— complex ventricular arrhythmias. We found a statisti- 
` cally significant association between digitalis and 1-year 
|. survival after AMI.!? Ryan et al!! and Madsen et al!? 
| failed to find a statistically significant (p <0.05), inde- 
i | pendent association between digitalis and mortality 
` after discharge. 
E _ In 1981, we studied the relation between digitalis and 
_ l-year survival in 490 patients using logistic regression. 
| We did not adjust for atrial fibrillation, a common in- 
- dication for digitalis therapy. For the present analysis, 
` we used survival over a 3-year follow-up period as the 
| endpoint, and adjusted for atrial fibrillation and left 
a К failure using survival analytic models that 
| took account of losses to follow-up. Also, we related 
F Survival to serum digoxin concentration in a subset 
" B alysis. 
E 
A Methods 


_ We evaluated 508 patients who were hospitalized for AMI 
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| b. ‘The Presbyterian Hospital between July 1, 1974 and De- 
Ex. (а mber 31, 1980. The diagnosis of AMI required at least 2 of 
3 К criteria: (1) prolonged, central chest pain, (2) elevation of 


— total creatine kinase level to at least twice normal with ele- 
vation of the MB fraction, and (3) diagnostic Q waves. Five 
T hundred sixty-one patients were eligible, but 53 refused to 
= participate, leaving 508 patients enrolled. A history, physical 
— examination and laboratory studies were obtained at enroll- 
| ment. Between 10 and 20 days after admission a 24-hour 
_ electrocardiogram was recorded. Modified leads У; and У; 
— were used in nearly all cases (96%); in 4%, alternate leads were 
Е . used to obtain adequate signal amplitude. Medications were 
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VELOCIUS isi аара Е 
recorded and serum digoxin concentration measurements _ 
were made at the time of discharge. | 

Patients were followed up by telephone contact or by letter 
at 6 months, 12 months and then yearly. Also, questionnaires 
were sent to the primary physicians each year to determine 
survival status and other information. Deaths were investi- 
gated by interviewing the next-of-kin, friends or the patients' 
physicians. Four patients were lost to follow-up immediately 
after hospital discharge, leaving 504 patients for follow-up and 
analysis. 

Analysis of 24-hour electrocardiographic recordings: 
Each 24-hour electrocardiographic recording was analyzed 
by a digital computer program, Columbia IV, which has a 
sensitivity of 97% and a specificity of 99% for detecting ven- 
tricular premature complexes.!*-!4 The records were digitized 
at 250 samples/s. The operator individualized the QRS rec- 
ognition parameters for each recording before computer 
analysis. At the end of computer analysis, the data were edited 
by the operator to correct falsely classified QRS complexes. 
The statistical summary and electrocardiographic strips were 
reviewed by a cardiologist; errors were corrected in an addi- 
tional editing session.!^ 

Definitions: Left ventricular failure was defined as the 
presence of an 5з gallop and pulmonary rales extending one- 
third or more up the posterior thorax. Enlarged heart was 
defined as a cardiothoracic index >0.5 on a 6-foot post- 
eroanterior chest x-ray taken just before hospital discharge. 
Definitions of the ventricular arrhythmia variables have been 
given previously.!^ Because of the markedly skewed frequency 
distribution of ventricular premature complexes, the average 
24-hour frequency in the electrocardiographic recording was 
coded on a 5-interval scale: 0, >0 but «1.0, 21.0 but «10, 210 
but «100, and >100 ventricular premature complexes/hour. 

Statistical methods: The characteristics of the group 
treated with digitalis were compared with those without 
treatment. Associations between digitalis and other variables 
were evaluated using the chi-square test with Yates' continuity 
correction.!® A p value of «0.05 was considered statistically 
significant, and p «0.10 was considered borderline. The 
strength of association was quantified with the odds 
ratio.!6 

To determine whether digitalis had a significant and in- 
dependent association with mortality during follow-up while 
simultaneously adjusting for other important risk variables, 
we used the Cox proportional hazards model.!? The effects of 


FIGURE 1. Survival curves for patients treated or not treated 
with digitalis. The survival curves were fitted by Cox's 
method" and were not adjusted for covariates. At the start 
of follow-up, there were 229 patients who were treated with 
digitalis and 275 who were not. The numbers of patients 
known to be alive after 1, 2 and 3 years of follow-up in the 


T 2 groups are indicated on the survival curves. 
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Those Who Did Not 

Treatment 3 

Digitalis No Digitalis 25m 

(n = 229) (n = 275) Chi- Odds 8 

Characteristic (%) (%) Square Ratio b 
Demographic CR 
Age 260 уг 61 39 22* 2.4 VEU 
Female sex 23 23 0 1.0 EN. 
Medical history m ae 
Myocardial infarction 31 17 14* 2.2 > 
Angina pectoris 48 36 Д" Т ut 
Cigarette smoking 63 73 5t 0.6 TO 
Hypertension 51 47 1 1.2 ZU 
Diabetes mellitus 27 14 112 2.2 СУ 
Severity of index infarction r3 
LVF in the CCU 47 10 87* 8.2 B". 
Atrial fibrillation in CCU 18 3 30* 7.3 E: 
VT/VFIB in CCU 42 35 2 1.4 M v. 
Anterior infarction 49 32 15* 2.1 ON 
Creatine kinase > 1,000 27 16 9* 1.9 pc 
Enlarged heart (x-ray) 59 29 46* 3.6 De 
Pulmonary vascular 41 15 41* 3.9 eda 
congestion (x-ray) im 
24-hour ECG results v 
VPC > 10 beats/hour 32 19 12^ 2-1 S 
Multiform VPCs 63 43 19* 2.2 m. 

Repetitive VPCs (22 in a row) 44 20 33" 3.2 к 
R-on-T VPCs 35 23 10* 1.9 di 
Discharge medications 1 uj 
Diuretic 41 12 56* 5.2 Я 

Antiarrhythmic 18 7 14° 3.0 
D blocker 6 16 12* 0.3 


* p = 0.01; t p = 0.05. 
CCU = coronary care unit; LVF = 


digitalis and covariates on survival were assessed statistically 
in the context of the hazard function, h(t). The quantity h(t) 
is the probability that a patient who is alive at time t will die 
within a short time period thereafter, i.e., the instantaneous 
probability of dying at time t. We assume that Cox’s model 
for the hazard function holds for our data.!7 The hazard 
function for patients with values X;,..., Xn on n risk variables 
is assumed to be the product of an underlying function of ar- 
bitrary form and an exponential function exp(ZB;X;), where 
the B;'s are the regression coefficients associated with the 
variables. The values of the regression coefficients are as- 
sumed to remain constant over time, and each exp(B;) is in- 
terpretable as a relative risk for variable i: exp(B;) is the ratio 
of instantaneous probabilities of dying for patients with values 
of X; 1 unit apart, holding all other variables constant. 

The P2L BMDP computer program was used to carry out 
the survival analyses.!? This routine permits categorical and 
continuous variables to be analyzed together, and estimated 
survival curves to be printed. The analysis was extended to 
3 years after AMI. Patients lost to follow-up were included in 
the analysis as long as their survival status was known. The 
stepdown technique was used to identify covariates that were 
significantly and independently associated with survival. The 
independent effect of digitalis therapy was then tested by 
adding the dichotomous variable, taking or not taking digi- 
talis, to the model. Statistical significance was assessed by 
referring the ratio Z of the estimate of B; divided by its stan- 
dard error to the standard normal distribution. 

A second survival analysis using the Cox model was applied 


only to those patients taking digitalis to test for a dose re- 


sponse relation between serum digoxin concentration and 
mortality. Covariates that proved to be significant, indepen- 
dent risk factors in the first analysis were used in the 
regu 
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left ventricular failure; VFIB — ventricular fibrillation; VPC — ventricular 
premature complexes; VT — ventricular tachycardia. 


Results 





We had at least 6 months of survival information on  . 
504 patients; mean follow-up was 23 months. The mean - 4 
follow-up adjusted for mortality was the same in pa- A 
tients treated with digitalis as those who were note. 


of these, 69 acoustical during the first year. 
Of the 504 patients, 229 (45%) were taking digitalis E 
at the time of hospital discharge and 275 (55%) were not. ^. 
Of those taking digitalis, 91% started treatment during _ 
the same hospitalization. The indications for digitalis — 
therapy as recorded by primary physicians in the hos- _ 
pital charts were: atrial arrhythmias 6%, left ventricular _ 
failure 70%, both 17%, and other or unknown 7%. The _ 
study's prospective definitions for ventricular failure 
(see Methods) did not necessarily coincide with those - 3 
used by primary physicians. Pps 
Figure 1 shows the marked Haal in survival бог + 
patients taking digitalis (Z = 5.2, p <0.001). After 3 
years, 87% of those not treated OSA digitalis survived, - 
whereas only 66% of the digitalis group survived. The 





were 3.4 times the odds for patients taking digitalis. 
We examined the relative prevalence of risk factors ЫЗ 
after infarction in patients treated with digitalis and in i 
those without treatment (Table I). A number of con- - 
tinuous variables were dichotomized here only for . 
convenience in tabulation; in the analyses, they were _ 
used as continuous variables. A large number of factors _ 
known to decrease survival after infarction оссин 31 
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Model 1 Model 2 / Model 3 
b Coefficient Coefficient Coefficient 
P. CN Variable +SEE Z +SEE 2 +SEE Z 
| Atrial fibrillation in CCU 1.24 + 0.24 5:717" 1.20 + 0.24 5.00* 1.33 + 0.24 5.54* 
E ТУЕП in the CCU 0.86 + 0.21 4.10* 0.77 + 0.23 3.35° 0.74 + 0.22 3.36* 
"n _ Enlar heart on x-ray 0.77 + 0.22 3.50* 0.74 + 0.22 3.36* 0.78 + 0.22 3:55* 
| VPC frequency 0.26 ± 0.12 2.171 0.25 + 0.12 2.08! 
E  Repetitive VPC 0.54 + 0.27 2.00! 0.51 + 0.27 1.89 
E те» 0.26 + 0.25 1.04 0.46 + 0.25 1.84 





* p <0.01; їр <0.05. 

` Model 1: Results of stepdown procedure using significant variables in Table |; Model 2: Digitalis added to significant independent predictors in 
model 1; Model 3: Electrocardiographic variables (VPC frequency and repetitive VPC) removed from model 2. 

A _ SEE = = standard error of the estimate; other abbreviations as in Table |. 


| “significantly more frequently among patients treated factors are indications for digitalis, e.g., atrial fibrillation 
: см digitalis. They were older and had a higher prev- or left ventricular failure. Other factors are known to 

= alence of previous AMI, left ventricular failure, atrial decrease survival but are not indications for digi- 
fi brillation, ventricular arrhythmias (detected by 24- talis. A few risk factors can even be caused by digi- 

ў Е" our electrocardiographic recordings) and treatment talis treatment, e.g., repetitive ventricular premature 


Te у ith diuretic or antiarrhythmic drugs. Some of these complexes. 
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FIGURE 2. Survival curves for patients not treated (A) or 
treated (B) with digitalis classified by the number of risk 
factors present. Survival curves were fitted by Cox's method 
and were adjusted by the following risk factors: left ventric- — . 
ular failure and atrial fibrillation in the coronary care unit and 
enlarged heart on the chest x-ray at discharge. The hatched 
region brackets the survival curves for patients with exactly — 
1 of the 3 risk factors present and the stippled region 






No Digitalis (М = 275) 





| 8 ера, brackets the curves for patients with exactly 2 of the 3 risk 
UN factors present. The numbers in parentheses indicate 
2 the percentages of the group totals that were in the given | 
UBLI, aie. | 
peces (3296) p 
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To evaluate the independent association of digitalis 
with survival, we adjusted for potential confounding 
variables. All of the variables in Table I that were sig- 
nificantly associated with digitalis treatment were en- 
tered into the Cox regression model. Model 1, given in 
Table II, includes the 5 variables that had a statistically 
significant independent association with mortality: 
atrial fibrillation, left ventricular failure, enlarged heart 
on chest x-ray, frequency of ventricular premature 
complexes ana repetitive ventricular premature com- 
plexes. The first 3 are indications for digitalis treatment, 
but the last 2 are not. When digitalis is added to this set 
of variables to form model 2, the association between 
digitalis and survival status is not statistically signifi- 
cant (p >0.10). 

We considered the possibility that model 2 may 
“overadjust” for confounding variables!??9 (that is, 1 
or more of the variables in model 1 could be caused by 
digitalis treatment and also be strongly associated with 
decreased survival). Specifically, digitalis treatment 
may cause frequent or repetitive ventricular arrhyth- 
mias, which may in turn cause death. Therefore, we 
removed the 2 ventricular arrhythmia variables from 
model 2 to obtain model 3 (Table II). When these vari- 
ables were removed, the independent effect of digitalis 
on survival had borderline significance (Z = 1.84, p 
<0.10). A 95% confidence interval for the hazard ratio 
relating digitalis treatment to decreased survival ex- 
tends from 0.97 to 2.60. The data are ambiguous but are 
consistent with substantial covariate-adjusted relative 
risks, up to a 2.6-fold increased risk of dying in the group 
treated with digitalis. 

Figure 2 compares survival for the group that was not 
treated with digitalis (Fig. 2A) and the digitalis group 
(Fig. 2B) over 3 years of follow-up according to the 
number of risk factors from model 3 that were present 
(i.e., atrial fibrillation, left ventricular failure and en- 
larged heart on chest x-ray). At any level of risk from the 
other 3 risk factors, the survival experience of patients 
who were treated with digitalis was poorer. 

Of the 229 patients treated with digitalis, serum di- 
goxin concentration measurements were available from 


FIGURE 3. Survival curves for patients treated with digitalis 
classified by serum digoxin concentration: <0.8, 0.8 to 1.9, 
and =2.0 ng/ml. The survival curves were fitted by Cox's 
method and were not adjusted for covariates. In the group 
with the lowest serum digoxin concentration, there were 27 
patients at the start of follow-up and 3 were known to be alive 
at 3 years; the respective numbers of patients for the inter- 
mediate level were 148 and 22 and for the highest level were 
16 and 2. 


Probability of Surviving 
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191 (83%). The average serum discunt concentration (Ф. E. 
standard deviation) was 1.2 + 0.56 ng/ml (range 0. 0 to 
3.8). In a Cox regression analysis, not adjusted for any _ 2 
covariates, there was a statistically significant associa- __ 
tion between digoxin concentration and mortality (Z — a E 
2.91; р <0.01). In accordance with clinical guidelines, - 3 
we separated patients into 3 groups based on their — 
serum digoxin concentration: «0.8 ng/ml (n = 27); 20. 8. 
but «2.0 ng/ml (n = 148); and 22.0 ng/ml (n = 16). 
'There was a marked monotonic decrease in survival as. PR 
the serum digoxin concentration increased (Fig. 3). We- E: | 
adjusted these curves for models 1 and 3 covariates - 
using Cox regression analysis. After adjustment, we | 
found no significant independent relation between _ 
serum digoxin concentration and survival. However, the _ ik 
very small number of patients with a serum digoxin _ 
concentration 22.0 ng/ml (n = 16) provided very little — be 
power to detect an adverse effect of digitalis had it been _ 
present. | 


Discussion 


This study shows that patients who were treated with 
digitalis after AMI had a poorer survival than patients - 2 
who were not. The difficult and important questionis _ E 
whether the increase in mortality represents an adverse | | 
effect of digitalis or the influence of confounding vari- 
ables that correlate both with mortality and the use of ji к 
this drug. Patients treated with digitalis had a greater _ 
prevalence of many important risk factors (Table D. 
When all risk factors that were significantly and inde- - f 3 
pendently associated with digitalis treatment were used — E 
in the Cox regression model to adjust for confounding, - y 
no significant association was found between digitalis 
treatment and survival. When we removed ventricular 
arrhythmias from the survival model to avoid the po- _ 
tential for overadjustment, the effect of digitalis had 
borderline statistical significance (0.05 <p <0.10). 

In separate analyses, we found a statistically signifi- 
cant association between serum digoxin concentration 
and survival: the higher the serum concentration, the 
poorer the survival. However, after adjusting for other 
risk factors, the relation between serum digoxin con- - 
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TABLE Ill 


Current Study 1985 


1974-1980 
AMI 


Within 3 weeks of 
504 


Definite AMI 


AMI 


Within 3 weeks of 
1,300 


chest pain syndrome 
Within 2 months of 


1974-1979 

Definite AMI; 
AMI 

892 of 1,592 


AMI 
Within 3 weeks of 


AMI 


Definite or probable 
812 


Duration of enrollment 


Inclusion criteria 
Time of enrollment 


ge) 


23 months (avera 
All causes 

45 

86 


12 months 
All causes 


37 
86 


55 months (average) 
All causes 


21 


All causes 


4 months 
19 


p 
point 


No. of pts analyzed 
taking digitalis 


Duration of follow-u 
Mortality end 


% 


atrial fibrillation in CCU, 


enlarged heart on chest 
x-ray, VPC frequency, 


repetitive VPC 
Cox survival anal 


and indications for 
<0.10 


associated with 
digitalis use 
LV failure in CCU, 


Variables significantly 


previous infarction, 


associated with 
CHF in hospital, 
maximal heart rate 
in hospital 

Cox survival anal 


Variables significantly 
digitalis use 


Age, previous angina, 


associated with 
motion score, no. of 
vessels diseased 


digitalis use 


Variables significantly 
LV wall 


Age, rales, edema, 
Cox survival anal 


90 
<0.10 


gistic regression 


Variables significantly 
associated with 
digitalis use 

Female sex, cigarette 
smoking, diabetes, 
previous infarction, 
NYHA functional class, 


Modified lo 
<0.01 


confounding variables 
Significant independent 

predictors of survival 
Statistical method used 


Method for choosing 
p value 


% Survival at 1 year 


ysis 


model 3, Table II) 


(Z = 1.84; 
New York Heart Association; VPC = ventricular 


ysis 


(x2 = 2.8, df = 1; 


Table IV) 


<0.10 
coronary care unit; CHF = congestive heart failure: LV = left ventricular; NYHA 


ysis 


(x? = 3.1, df = 1: 
page 737) 


(x2 = 9.9, df = 1: 


Table II) 


acute myocardial infarction; CCU 







AMI 
premature complexes. 


centration and survival was not statistically significant. 
These analyses were limited by the fact that only 8% of 
our patients treated with digitalis had a serum digoxin 
concentration 22.0 ng/ml. 

Model 1 in Table II confirms our finding based on an 
independent sample that ventricular arrhythmias and 
left ventricular dysfunction exert statistically significant 
and independent effects on survival in the first several 
years after AMI?!; also confirmed is the somewhat 
stronger effect of left ventricular dysfunction than of 
ventricular arrhythmias. 

In a 1981 report on a subset of this same group,!° we 
found that digitalis was significantly associated (p 
<0.05) with decreased 1-year survival after adjusting 
for several covariates. There are several important 
differences between the previous and present analyses: 
First, in 1981, we used logistic regression in the pre- 
liminary analysis rather than survival methods and 
therefore were unable to account for patients lost during 
the first year of follow-up. Second, 1-year survival was 
the endpoint in the 1981 analysis, whereas survival up 
to 3 years was the endpoint for the present analysis. 
Third, we did not adjust for atrial fibrillation in the 1981 
analysis. To compare more closely the results of our 
1981 analysis with those of the present one, we ran the 
Cox regression model, adjusting for all of the covariates 
in model I except for atrial fibrillation in the coronary 
care unit, and terminated the analysis at 1 year. We 
obtained the same significant relation between digitalis 
use and survival status (p «0.05) that we had earlier. 
Thus, longer follow-up time and adjustment for atrial 
fibrillation made the independent relation between 
digoxin and survival borderline instead of statistically 
significant. 

There have been 3 other major nonrandomized 
studies of the relation between digitalis treatment at the 
time of discharge and survival after discharge.9.11.12 
Table III compares the 4 studies of digitalis treatment 
and survival after infarction. All of the studies except 
that of Ryan et al!! enrolled patients during hospitali- 
zation for the index infarct. Ryan et al enrolled patients 
up to 2 months after the index infarct and were more 
likely to enroll patients with chest pain syndromes after 
infarction. The late enrollment in the study of Ryan et 
al could have biased its estimates of the relation be- 
tween digitalis use and survival in that it missed pa- 
tients who died early after discharge. The overall mor- 
tality rates and proportion of patients taking digitalis 
are important population characteristics that vary 
among the 4 studies and that probably affect the ability 
to detect the effects of digitalis on survival. Also, the 
duration of follow-up in the 4 studies ranged from 4 to 
00 months. The mortality rate decreases rapidly as a 
function of time soon after infarction so that differences 
in the follow-up duration among the 4 studies could 
be an important factor in determining differences in 
results. 

Another critical factor that determines the results of 
these studies is the method used to adjust for covariates 
that are related not only to mortality but also to digitalis 
use. In all 4 studies, the data were permitted to take a 
major role in “leading the analysis"; that is, only factors 





Four-Month Mortality 
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TABLE IV 
Digitalis 
Study No. 
Moss et al? 26 
Ryan et а!!! 57 
Madsen et al? 54 
Current study 51 


that were found to differ significantly between the pa- 
tients treated with digitalis and those who were not were 
used for adjustment in multivariate analyses. There is 
a potential hazard for overadjustment with this ap- 
proach. Overadjustment consists of controlling for 
factors whose presence may be caused by the hypothe- 
sized risk factor and which may themselves be associ- 
ated with the outcome.!9?? The statistical consequence 
of controlling for such factors, whether by matching, by 
stratification or by regression techniques, is to obscure 
or eliminate a causal effect of the hypothesized risk 
factor on the outcome. For example, the effect of ciga- 
rette smoking on lung cancer would be underestimated 
by controlling for chronic cough. In the study of the 
association between treatment with digitalis (the hy- 
pothesized risk factor) and mortality after AMI (the 
outcome), ventricular arrhythmias may represent 
variables caused by digitalis’ that are themselves as- 
sociated with an increased risk of dying. Their sta- 
tistical control might therefore attenuate the effect of 
digitalis, and it appears from Table II that this may have 
occurred. 

In nonrandomized studies such as this, it is not pos- 
sible to ascertain from the data which other risk factors 
were present before or were indications for treatment 
with digitalis, and which were caused by such treatment. 
Given the uncertainty, it would be inappropriate to 
analyze the data in only 1 way: either by controlling for 
all statistically significant risk factors, and thus inviting 
the bias caused by overadjustment, or by controlling 
only for those risk factors believed to be indications for 
or to be antecedent to the hypothesized risk factor, and 
thus inviting the bias caused by incomplete adjustment 
for all pertinent factors. The former strategy tends to 
underestimate the association under study, whereas the 
latter tends to overestimate it. The most cautious con- 
clusion from the present study is that the independent 
effect of treatment with digitalis on death after AMI lies 
between weak and statistically nonsignificant on the one 
hand (Table II, model 2) and moderate and of border- 
line significance on the other (Table II, model 3). 

In the study of Moss et al, the most striking adverse 
effect of digitalis treatment was seen in a high risk 
subgroup, i.e., those with left ventricular failure and 
ventricular arrhythmias detected during the hospital- 
ization for the index infarction. The 3 subsequent 
studies have failed to find any adverse effect in this 
| subgroup As IV). However, our study was limited 


wie 1 е { 
Bie ose - £135 


Association Between Digitalis and Кыа Mortality After Acute - 
Myocardial Infarction in a High Risk Subgroup (Left Ventricular Failure and 
Ventricular Arrhythmias): A Comparison of Four Nonrandomized Studies 


No Digitalis M 

Mortality Mortality 3 
(96) No. (96) Um 
T N: 
38 56 2 M 
9 22 14 n 
15 25 12 8 

24 4 50 Е: 





because there were only 4 patients who had both left - : 
ventricular failure and ventricular arrhythmias but кеге ш à 
not treated with digitalis. 56 
A clearer picture of the relation between treat 2. 
with digitalis and survival after AMI must await well 3 У 
controlled experimental studies comparing digitalis _ 
treatment with placebo or with another active treat- А 
ment. Until the results of such studies are available, _ 
digitalis must be used in the light of current knowledge. - 
'Taken together, the results of the 4 digitalis- mortal ЧИ 2 
studies are, in our opinion, concordant and a cause for 
concern. Even after adjustment (or overadjustment) for | sm 
many covariates, a relation remains between digitalis 
treatment and reduced survival after AMI. This relation — 
is statistically significant or borderline in each stuck 
(see the last row of Table III). The studies by Ryan et | 3 
а!!! and Madsen et al!? both provided p values suffi- T 
ciently close to 0.05 to raise doubt about just how neg- _ r 
ative they actually were; power analysis shows that it 
is often erroneous to equate the failure to reject a hy- | 
pothesis at the 0. 05 level with a demonstration that the 
hypothesis is true.?? Ideally, a study would report not | 
only the p value for the significance of an effect but alias 
the estimated magnitude of the effect (e.g., the log ofthe - ^ 
hazard ratio in Cox regression analysis) as well as id 
standard error. When several studies report their esti- _ 
mates and associated standard errors, methods are 
available for comparing and combining these esti- | 
mates.!® Although all studies after that of Moss et al — " 
used Cox regression techniques, the hazard ratios and - 
standard errors were not always published. Thus, we ‘ 
cannot use the best methods for pooling the data. For- — 
tunately, a criterion proposed by Fisher for assessing the 5 J 
overall statistical significance associated with 2 ог more - 
independent significance tests can be applied when, as - 
here, only the p values аге available. (If S is the | 
number of studies reporting a p value, and if pjisthep _ 
value from study i, then —2Èlnp; has a chi-square dis- . 
tribution with 2S degrees of freedom.) The p values _ 
reported by Ryan et al and by Madsen et al were 0.08 
and 0.09, yielding a Fisher's chi-square criterion of 9.9 — 
(df = 4, p «0.05). The evidence from these 2 ostensibly _ E 
negative studies taken together is thus statistically — 1 
significant. If our study is added to those of Ryan d 
Madsen, Fisher’s chi-square criterion is 15.2 (d.f. = z 
; 





p <0.05). 
Until the issue is settled, it is prudent to approach - 
digitalis therapy soon after AMI in the o way. 
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First, when contemplating treatment with digitalis in 
Ы his setting, the clinician should consider whether 
treatment for left ventricular dysfunction is really 
necessary. For example, rales and S5 gallop in the first 
36 hours of AMI often resolve themselves satisfactorily 
- without any drug treatment. Second, the clinician may 
consider whether some alternate therapy might have a 
better risk-benefit ratio than digitalis. The latter 
question will have to be answered on the basis of ratio- 
nale and judgment until direct comparisons are made 
in controlled clinical trials. 
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Symptomatic Coronary Artery Disease in Patients 
Aged 21 to 30 Years 
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One hundred one young people (88 men, 13 women) 
aged 30 years or younger with arteriographically 
proved obstructive coronary artery disease (CAD) 
were identified and reviewed for risk factor preva- 
lence. The men were compared with an age and 
date-of-catheterization matched control group who 
were arteriographically normal. Significant risk 
factors were cigarette smoking (p = 0.001), familial 
CAD (р = 0.002) and familial CAD manifested by 
age 50 years or younger (p = 0.005). Serum cho- 
lesterol values were significantly higher in the CAD 





Coronary artery disease (CAD) occurs in young people, 
but youth has been defined variably in reports of this 
condition. Accepted risk factors might be more evident 
in patients with premature CAD than in older subjects, 
perhaps enabling identification of a susceptible popu- 
lation. Survival data for patients with arteriographically 
demonstrated disease are potentially made inaccurate 
by the frequency of bypass operations in people who are 
surgical candidates. Our goal in this review was to study 
a large number of young people with CAD to charac- 
terize relative risk factor importance and comment on 
survival if possible. 


Methods 


The patients were drawn from 35,896 patients with arter- 
iographically demonstrated significant coronary narrowing 
referred for cardiac evaluation because of pain, myocardial 
infarction (МІ), cardiac arrhythmia or significant risk factors 
for CAD between 1971 and 1980. Those selected were aged 30 
years or younger and had coronary arteriograms that showed 
at least 50% narrowing of 1 or more coronary arteries. A 
matched control patient whose catheterization, including 
coronary arteriograms, was normal and who had been studied 
to exclude coronary atherosclerosis was selected for each man 
in the study group on the basis of age and catheterization date 
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group (p = 0.0001), but in most (54%) were still 
Arteriography showed a _ 


less than 250 mg/dl. 
spectrum of CAD: 1-vessel in 57, 2-vessel in 21 and — 
3-vessel in 22. One patient had significant left main - 


CAD. Follow-up was obtained for all of the in 


American subjects. One-year mortality was 3% and _ 
5-year mortality was 20%. The causes of death - 


were predominantly cardiac: myocardial infarction — 
in 10 patients, congestive heart failure in 2 and | 
sudden death іп 6; 3 patients died of noncardiac _ 
(Am J Cardiol 1985;55:631-634) . 


causes. 


(in an effort to minimize the effects of trends in referral and 
society-wide changes in diet, activity and cigarette usage). 
Cigarette smoking, hypertension, glucose intolerance, family 
history and lipid status were coded. 

Hypertension was diagnosed if there was a positive history 
associated with therapy at the time of initial evaluation or an 


initial blood pressure value more than 150 mm Hg systolic, : 
more than 95 mm Hg diastolic, or both. Glucose intolerance 


was considered present if insulin or oral hypoglycemic agents 


were being taken, if a glucose tolerance test had been per- | 
formed and was abnormal or if the initial fasting blood sugar ~ 


level was more than 120 mg/dl. Family history of CAD in- 
cluded parents, siblings parents' siblings and cousins. Lipid 


values coded were those obtained at the time of initial evalu- ~ 


ation after an overnight fast. Angina pectoris was defined as 


discomfort other than dyspnea occurring in the upper half of 


the body, precipitated by walking and relieved by enforced 
rest within 15 minutes.! Other types of distress were consid- 
ered atypical for CAD. Functional classes I and II were sepa- 
rated from classes III and IV by the ability or inability to walk 


100 yards at the normal pace, respectively.! This classification | 


was based on the review of the pain given in the initial clinical 


history in the medical record. Previous MI was coded if the _ 
initial electrocardiogram (ECG) showed transmural MI (ab- : 
normal Q or QS deflections), ог if referral records included : 
ECGs showing typical evolution of MI associated with char- _ 
acteristic enzyme changes. Statistical analyses were performed _ 


to contrast the male patients and their matched controls. 
Women were considered in a descriptive fashion because of 
the small sample size. A paired t test was used for comparison 
of matched pairs of lipid values and McNemar's test was used 
for other comparisons of matched pairs. Significance was as- 
sumed at the 0.05 level. The p values were not adjusted for 
нра comparans. 
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| TABLE! Risk Factor Prevalence in Coronary Disease 
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Bye CAD Normal Statistical 
E Group Group Difference* 
A Cigarette smoking 73 (87) 47 (88) p — 0.001 
_ Systemic hypertension 26 (88) 19 (88) NS 
_ Glucose intolerance 11 (88) 10 (88) NS 
. Family history of CAD 49 (85) 29 (88) p = 0.002 
e pamily history of CAD 27 (85) 12 (88) p = 0.005 

<50 


2 Р. 
“` * McNemar's test. 

Number in parenthesis is number of potential patients. 

CAD = coronary artery disease; NS = not Significant (p >0.05). 


үз TABLE Il Serum Cholesterol Distribution in Coronary 

b Artery Disease and Control Groups 
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- Cholesterol CAD Normal 
ШЕ (mg/dl) Group (n = 87) Group (n = 87) 
E «200 22 41 
f 200-224 9 15 
Ў 225-249 14 12 
E 250-274 11 10 
| 275-299 13 3 
* |... 800-349 10 4 
Е 2350399 5 2 
is > 400 3 0 
К Меап 254 208 


|... Mean serum cholesterol was greater in the CAD group (p = 0.0001, 
. paired t test). 
_ CAD = coronary artery disease. 


te 


К Determination of long-term status was attempted for North 
_ American patients only, excluding 7 who were residents of 
. other countries. Follow-up was done by trained interviewers 
. using a standard form developed to assess follow-up status. 
P зары was considered sudden if it occurred within 1 hour after 
_ the onset of the terminal illness in a previously stable patient. 
` Deaths were coded on the basis of statements by attending 
_ physicians, medical records or death certificates for all 
. patients except 3 for whom only family statements were 
` available. 

.... The actuarial curve of survival was constructed by the 
. method of Cutler and Ederer. Patients were considered 
. dropouts in the middle of the year in which operation occurred 
^ or at most recent follow-up, whichever came first. 
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3 Results 
Late 


e One hundred one patients, 88 men and 13 women, 
_ were in the study group. The number of women was 
_ considered too small for statistical comparison and their 
clinical characteristics are discussed separately. The 
теп were matched and statistically analyzed as noted 
above. The age distribution of the 88 men was 21 to 30 
years (mean 28.5). 

Sixty-three had pain during the month before study 
(28 had angina pectoris functional classes I or II, 15 had 
angina classes III or IV, and 20 had pain atypical for 
CAD). Twenty-five had no pain. Twelve of those with 
atypical pain had histories of MI and in 8 there was 
electrocardiographic (ECG) evidence of transmural MI. 
Of the 25 men who had no pain, 19 had a history of MI 
and 20 had ECG evidence of MI. The 5 men without MI 
or pain were studied because of hypercholesterolemia, 
cardiac arrhythmias or congestive heart failure. In the 
matched control group, 68 were studied because of chest 
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TABLE 1 Serum Triglyceride Distribution in Coronary 
Artery Disease and Control Groups 








Triglyceride CAD Normal 
(mg/dl) Group (n = 79) Group (n — 82) 
«100 12 24 
100-124 17 10 
125-149 12 13 
150-199 16 15 
200-249 6 8 
250-299 4 5 
300-399 5 4 

= 400 7 3 

Mean 197 165 


No statistical difference (р = 0.21, paired t test). 
CAD = coronary artery disease. 


pain, 14 for a diagnosis of previous MI, 3 because 
of ECG abnormalities only, and 3 because of rhythm 
disturbances. 

Risk factors of the 88 men in the index and control 
groups are shown in Tables I, П and III. Compared with 
the control group, the index group had a significantly 
higher cholesterol level (p = 0.0001, paired t test) at the 
time of catheterization. Triglyceride levels in the 2 
groups did not differ (p = 0.21, paired t test). For con- 
ditions in which presence or absence was noted, con- 
cordance and discordance of the matched pairs’ re- 
sponses were recorded. Cigarette smoking was more 
common in the index group (p = 0.001, McNemar’s 
test), as were any family history of CAD (p = 0.002) or 
a family history before age 50 years (p — 0.005). Hy- 
pertension and glucose intolerance were not signifi- 
cantly different in the 2 groups. 

Forty-nine of the 88 men had 1-vessel CAD: 26 with 
anterior descending lesions, 11 with circumflex lesions 
and 12 with right coronary artery lesions. Eighteen had 
2-vessel and 20 had 3-vessel CAD. One patient had left 
main disease. The left ventricle was normal in 26 and 
abnormal in 62. Fifty-eight had segmental dysfunction, 
6 with left ventricular aneurysms. Four had generalized 
left ventricular dysfunction. 

In addition to the group of men, 13 women aged 25 to 
30 years had significant CAD. The clinical character- 
istics of the women are shown in Table IV. Eight had 
1-vessel CAD (7 in the anterior descending, 1 in the right 
coronary artery). Three had 2-vessel and 2 had 3-vessel 
CAD. Eleven complained of pain: 7 had pain typical of 
CAD and 4 had atypical pain. One patient without pain 
had ECG evidence of MI leading to catheterization, and 
1 with no symptoms or history had catheterization as 
part of a renal transplantation evaluation. 

Clinical follow-up 26 to 119 months (mean 73) after 
catheterization was complete in all of the American 
patients. Seventy-three patients were alive (63 men, 10 
women). The causes of death were primarily cardiac: MI 
in 10, sudden death in 6, and congestive failure in 2; 
suicide, accident and renal failure were the cause in 1 
patient each. Forty-seven of the 63 male survivors were 
working full-time. Disability was noted by 16. Coronary 

artery surgery had been performed within 6 months of 
catheterization in 39 of 81 men, 34 of whom were alive 
at follow-up. Twenty-nine of 42 initially medically 
treated men were alive at follow-up. Five of these 42 had 


. surgery after 6 months, 4 of whom were alive at follow- 
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TABLE IV Clinical Characteristics of 13 Young Women 
with Early-Onset Coronary Artery Disease 





Cigarette smoking 9 
Systemic hypertension 2 
Glucose intolerance 4 
Family history CAD 10 
Family history CAD <50 4 
Oral contraceptive use 8* 
Mean total cholesterol (mg/dl) 256 
Mean triglyceride (mg/dl) 191 


* One of 8 had stopped 3 months before myocardial infarction. 
CAD = coronary artery disease. 


TABLE VI Risk Factor Analysis From Comparable Studies of Coronary Artery Disease in Young Persons 1 
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Cath 
First CAD in 
Author No. of by Control 
(Reference No.) Pts Cath Group 
Underwood (present 88 men 1 
study) (n = 88) 
Davia’ 40 (35 men) + + 
(n = 20) 
Nitter-Hauge® 66 (59 men) + 0 
(n = 1832) 


Glover? 114 (105 men) +* 
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i 2 3 LM: 3 
Medical Group (n = 42) 4 





Normal ventricle 8 1 0 Q0 S 
Abnormal ventricle 20 8 5 07. n 

Surgical group (n = 39) 5 
Normal ventricle 8 1 6 1 A 
Abnormal ventricle 9 5 9 0... 8% 


LM = left main coronary artery. 


Significant Risk Factors 





Age 1-Vessel 
(yr) CS FH SH GI С Tg CAD 
<30 + + 0 0 + 0 56% 
<35 0 0 0 0 0 0 60% 
<39 T t t Gi + + 42% 
<35 + + 0 pt: 0 0 32 96 
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* Only 94 patients had CAD by catheterization; the other 20 had angiographically normal coronary arteries. + 
C = cholesterol; CAD = coronary artery disease; cath = cardiac catheterization; CS = cigarette smoking; FH = family history of CAD; аі = 


glucose intolerance; SH = systemic hypertension; Tg = triglycerides; + 


up. The initial catheterization data for the medical and 
surgical male groups are presented in Table V. Six 
women had undergone bypass surgery. Actuarial sur- 
vival for American patients is shown in Figure 1. The 
number of eligible patients is small after the sixth year, 
reflecting a high rate of coronary bypass surgery. 


Discussion 


Symptomatic CAD is rare in the third decade.! Our 
experience with clinical and arteriographic variables, 
as well as survival of young people has been reported. 
Restriction to a younger age group might be expected 
to exaggerate differences in risk factors and show lim- 
ited extent of arterial disease. The young male group in 
this report had a higher prevalence of smoking and 
hypertension than patients unselected for age.! Family 
history and serum lipid levels were similar in the 2 
studies, although premature coronary disease was not 
reported in the unselected patients. One-vessel CAD 
was more common in the young, perhaps because of 
short duration of symptoms. 

Because of restriction of the study group to patients 
who had arteriographically demonstrated severe CAD 
at the age of 30 years or earlier, no comparable reported 
group is available for comparison. A brief description 
of 8 men 21 to 30 years old who had MI indicated that 
in 3 of the 5 who had coronary arteriography, the coro- 
nary arteries were normal.® All other reports concern 
older patients, and usually only patients who had MI. 

Table VI compares the results of 3 similar studies 
with the present report. Davia et al? presented the most 
similar review describing 40 patients with arterio- 
` graphically established CAD in a 20- to 35-year age 


: 3 ` group. These are compared to 20 arteriographically | 


= yes; 0 = no; — = no information available. 


normal patients. Nitter-Hauge et al? also entered pa- - 
tients into their study based on arteriography, but 
compared them to a “healthy” control group of greater | 
age range. Glover et al? entered patients based on 
diagnosed MI and then compared that subgroup of 94 
with CAD to the subset of 20 with normal coronary ar- 
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FIGURE 1. Actuarial survival curve of the young American patients. 
Patients were treated as dropouts in the middle of the year if surgery 
was performed. The numbers in parentheses indicate patients at risk 
at the beginning of the year. The 7 foreign patients were not followed. 


` Actuarial survival was 57% at 10 years. 
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: found significant risk in a family history of CAD and in 

p smoking. All showed a high prevalence of 1-vessel CAD. 

__ ^ Asa control group for 19 young women who had MI, 
| Wei and Bulkley studied 20 men younger than 36 years 
` Who had MI.!° The prevalence of risk factors was similar 

| о those in the present report except for a lower per- 
. centage of smokers (65 vs 84%) and a higher percentage 

of hypertension (65 vs 30%). A striking difference was 

Д (баг 12 of the 13 of these men studied arteriographically 

3 _ had multiple arterial disease. Uhl and Farrell reported 

f 165 patients younger than 40 years (mean 34.5) who 

» _ were diagnosed as having MI by World Health Orga- 

^ nization criteria.!! These were compared with 100 pa- 

_ tients aged 40 years or older who had had an initial MI. 

` Ten of the young patients were women. Family history 

of premature CAD and abnormal serum lipid levels were 

: ` more prevalent in the young patients; hypertension was 

^ ` less prevalent; smoking occurred with equal frequency. 

Eighty-one patients were studied arteriographically: 9 
| had normal arteriograms (11%), 19 (23%) had 1-artery 
` disease, 28 (35%) had 2-artery involvement and 25 (31%) 

i - had 3-artery disease. The percentage of patients with 

_ Lartery disease is lower than that of Davia et al,’ Nit- 

. ter-Hauge et al, Glover et al? and the present series. 

ut Savran et al!? performed arteriographic studies in 38 

men younger than 40 years who had previous MI.!? 

Three had normal arteries and 18 of the remaining 35 

` (59%) had 1-агїегу CAD. The clinical risk factors of 

_ cigarette use and familial coronary disease were present 
їп 89% and 53%, respectively. 

— Morris et al reviewed the findings in 24 women 

EY younger than 40 years who had MI.!? Coronary arteri- 

0 graphy was performed in 15 and postmortem exami- 

© nation in 2. Nineteen were believed to have CAD. In 

E E it subset, most had 1 or more risk factors and 6096 had 

 multiple-artery CAD. Wei and Bulkley!? reported 19 

м е younger than 36 years, all of whom had had 

MI, 10 Coronary arteriography was done in 9 patients 

$ and postmortem examination in 4 others. Of these 13 

м - patients, 4 had normal coronary arteries and 6 of the 

` other 9 had 1-artery CAD. Nineteen women were com- 

` pared with 20 men of the same age group. Family history 
| of. CAD, smoking, diabetes, lipid abnormalities and 

_ hypertension were more common in the men. Com- 

_ parisons are difficult because the women in the Emory, 

J Johns Hopkins and the present studies are all small 

groups, and our review was not confined to those who 

1 had MI. However, the percentages of certain risk factors 

I ere considerably higher in our study: family history 

a and contraceptive use in comparison with both previous 

reports; and smoking, diabetes and lipid abnormalities 

in comparison with the Johns Hopkins group. Hyper- 

; Bin was more prevalent in the Johns Hopkins study 

_ than in the others. Normal coronary arteries and 1- 

_ artery CAD predominated in the Johns Hopkins group 

: апа multiple-artery CAD in the Emory patients. Of 

E those whose arteriograms showed disease, 1- artery CAD 

_ was noted in about two-thirds of the women in both the 
` Johns Hopkins and present study. 

E. Little information is available relative to survival of 
| young men with severe CAD proved arteriographically. 




























Uhl and E Ieppxted a higher survival rate in pa- 





tients younger than 40 years who had had MI ан tia a 
similar group of patients 40 to 59 years old.!! Nitter- 
Hauge et al suggested that the prognosis may be omi- 
nous in young patients with CAD, but did not report on 
survival of the group.? Survival has been better if age 50 
years is the dividing point.'^ Improved calculated sur- 
vival in the younger group persists even when adjust- 
ment is made for the number of arteries affected. Lim 
et al? reported 6796 5-year survival in 116 nonoperated 
men younger than 40 years old, the 5-year cardiac 
mortality being the same as in men younger than 45 
years old who had severe CAD. Actuarial survival is high 
in the American patients in the present study, although 
the large percentage of dropouts due to operation which 
reduces the number of eligible patients after the sixth 
year decreases confidence in the calculation. There is 
no evidence that premature CAD is relentlessly pro- 
gressive to death early in the course of the disease. 

In conclusion, the young men with CAD in this study 
had a higher prevalence of any family history of CAD, 
premature family CAD and cigarette smoking than 
similarly aged patients without disease. Serum choles- 
terol levels were higher although not outside the “пог- 
mal" range in most. Glucose intolerance and hyper- 
tension did not appear to be significant risk factors for 
this group. Arteriographically, 1-vessel CAD predomi- 
nated. Because of the large number of operative drop- 
outs, it is difficult to determine the risk for young people 
with coronary disease, but it is probably no higher than 
that of individuals in early middle age. 

Young men, and probably young women, with family 
histories of CAD, especially premature CAD, should 
avoid smoking cigarettes and should have serum lipid 
levels measured. Oral contraceptives probably should 
be avoided by young women with positive family 
histories of CAD. Whether exercise testing should be 
performed cannot be stated, but in the presence of 
suggestive symptoms, it may be appropriate. 
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Exercise Testing to Enhance Wives’ Confidence іп Their 
Husbands’ Cardiac Capability Soon After Clinically 
Uncomplicated Acute Myocardial Infarction 


CRAIG В. TAYLOR, MD, ALBERT BANDURA, PhD, CRAIG К. EWART, PhD, 
NANCY H. MILLER, RN, and ROBERT F. DeBUSK, MD 





The effects of wives’ involvement in their husbands’ 
performance of treadmill exercise testing 3 weeks 
after clinically uncomplicated acute myocardial 
infarction was compared in 10 wives who did not 
observe the test, 10 who observed the test, and 10 
who observed and participated in the test them- 
selves. In a counseling session after the treadmill 
test, couples were fully informed about the patient’s 
capacity to perform various physical activities. 
Wives’ final ratings of confidence (perceived effi- 
cacy) in their husbands’ physical and cardiac ca- 
pability were significantly (p <0.05) higher in those 
who also performed the test than in the other 2 
groups. Only wives who walked on the treadmill 
increased their ratings of their husbands’ physical 


Patients’ perceptions of their cardiovascular status in- 
fluence their recovery from acute myocardial infarction 
(AMI). In a prior study,! patients’ perceptions of their 
physical capacity were highly correlated with their 
functional capacity, as measured by peak treadmill 
heart rate and workload measured 3 weeks after clini- 
cally uncomplicated AMI and with their level of phys- 
ical activity within the following week. The potential of 
exercise testing early after AMI as an intervention to 
increase patients’ and spouses’ confidence in the pa- 
tients' capabilities has received little attention. The 
present study tested ways in which the exercise test 
could be used to raise and strengthen spousal percep- 
tions of patients’ physical and cardiac capability. 
Having the spouses personally experience the treadmill 
test was expected to have the strongest impact on their 
perceptions of their husbands' physical and cardiac 
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and cardiac efficacy to a level equivalent to those Un 
of their husbands. Spouses’ and patients’ percep- | 
tions of patients’ cardiac capability after treadmill — . 
testing and counseling at 3 weeks were significantly — 
correlated with peak treadmill heart rate and < 
workload at 11 and 26 weeks. Efficacy ratings at 3 _ 
weeks were slightly better than peak 3-week _ 
treadmill heart rate and workload as predictors of 
treadmill performance at 11 and 26 weeks. Partic- _ 
ipation in treadmill testing early after acute myo- _ 
cardial infarction is an effective means for reas- _ 
suring spouses about the capacity of their partners - 
to resume their customary physical activities with 
safety. 

(Am J Cardiol 1985;55:635-638) 


capabilities. We hypothesized that both wives’ and . 
patients’ perceptions of patients’ capabilities would © 
predict the patients’ level of cardiovascular functioning 
on follow-up treadmill testing. 


Methods 


The degree of spousal involvement in the husband's — 
treadmill testing was varied by random assignment of couples n 
to 1 of 3 groups. In group I the wife sat in the waiting room AE 
during her husband's treadmill test. In group П the wife ob- — 
served the husband's stamina as he performed the treadmill | 
test. In group III the wife not only observed her husband's  . 
performance on the exercise test, but she herself also walked ~ 
on the treadmill for 3 minutes at the same peak treadmill _ 
workload that had been achieved by her husband. тер 

Patients: Thirty consecutive married men, mean age 52 + 
9 years, and their spouses participated in this study. As in 
previous studies from this laboratory, those eligible to undergo 
treadmill exercise testing 3 weeks after clinically uncompli- 
cated AMI represent 50% of the entire population of men aged — - 
70 years or younger who are alive 21 days after infarction.*4 
Only patients free of clinically evident heart failure and un- 
stable angina pectoris and other noncardiac limitations to : у 
physical effort such as orthopedic and pulmonary disease were | 
considered eligible for participation. These patients were 
mainly of middle or upper middle socioeconomic status. 

Evaluation of confidence (perceived efficacy): On their 
first visit to the laboratory 3 weeks after AMI, patients and 
spouses completed 12 scales, each of which described different 
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. levels of capability to engage іп common activities or condi- 
. tions that impose a stress on the heart. These included per- 
. ceived capacity to tolerate physical stressors, i.e., walking, 
. running, climbing stairs, lifting weights and engaging in sexual 
. activity, and emotional stressors, i.e., anger arousal, bodily 
— tension, social stress and family discord. An additional scale 
~ asked patients to rate their overall cardiac capability, i.e., 
. their capacity to tolerate increases in heart rate to 90 to 110, 
— 111 to 120, 121 to 130 and above 131 beats/min for durations 
3 ranging from 5 to 20 minutes. Patients were told what ranges 
of heart rate correspond to low, moderate and strenuous levels 
. of physical activity, but they were not informed about the peak 
. heart rate that they achieved during treadmill testing. 
| For each activity patients rated the strength of their con- 
_ fidence or efficacy on a 100-point scale divided into 10-unit 
5 intervals from very uncertain to completely certain. Perceived 
. efficacy was quantitated by averaging the summed confidence 
- score for each of the tasks. The method used to calculate 
A strength of perceived efficacy for walking is given in the Ap- 
. pendix. Both the husband and the wife completed the same 
. self-efficacy scales 3 times during the clinic visit: before ex- 
` ercise testing, immediately after the completion of exercise 
- testing and after a counseling session with the physician and 
| nurse in which the results of the exercise test and their im- 
_ plications for physical activity were discussed in detail with 
. the patient and spouse. 
. . A principal-components analysis was conducted on both 
. the husbands' and wives' efficacy scores to avoid redundant 
` overlap of correlated measures. Two main factors were ex- 
. tracted: perceived physical efficacy, which measured the ca- 
_ pacity to tolerate physical and emotional strain, and cardiac 
` efficacy, which measured the capacity to withstand increasing 
` levels of heart rate. The reliability of the self-efficacy scales 
— for physical and cardiac self-efficacy was r = 0.94 and r = 0.85, 
` respectively. 
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. FIGURE 1. Changes in self-efficacy (S-E) after (Post) treadmill testing 

(TM) and counseling (C) in patient-spouse groups 3 weeks after myo- 

. cardial infarction. Group | (GP 1): Wives did not watch husbands’ tests. 

Group Il (GPII): Wives watched husbands’ tests. Group IlI (GPIII): Wives 

watched husbands' tests and walked for 3 minutes at husbands' peak 
treadmill workload. _ 
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Treadmill exercise testing: Exercise was performed on 
a motor-driven treadmill using a combination of protocols 
described by Naughton et al? Exercise commenced at a 
workload equivalent to 3 multiples of resting energy expen- 
diture (METs), and workloads were added every 3 minutes 
until the appearance of limiting symptoms: chest pain, dys- 
pnea, fatigue, leg cramps or dizziness; hypotension, i.e., a re- 
duction in systolic pressure of at least 10 mm Hg from the peak 
value attained earlier during exercise; or ventricular tachy- 
cardia, i.e., 3 or more consecutive premature ventricular 
complexes. Neither attainment of an age-predicted maximal 
heart rate nor the magnitude of ischemic ST-segment de- 
pression were used as endpoints for testing. The test response 
was defined as “ischemic” when 0.1 mV or more of flat or 
downsloping ST-segment depression occurred during exercise 
or 10 minutes of recovery. Exercise testing was repeated 11 
and 26 weeks after infarction. 

Counseling of patients and their wives: After treadmill 
testing, couples met with a cardiologist for an explanation of 
the results of the test and a discussion of the patient’s capacity 
to perform various physical activities such as walking, jogging 
and stationary cycling. The couple then met with the project 
nurse who informed patients of the physical regimens to which 
they had been randomly assigned before the clinic visit as part 
of another study.® Nine patients commenced home exercise 
training, 13 commenced group exercise training and 8 received 
no specific instruction regarding exercise training. The pro- 
portion of patients assigned to each of these 3 groups was 
comparable for patients randomized to the 3 conditions of the 
present study. Patients undergoing group or home training 
were given an individualized prescription for physical activity 
consisting of 100 minutes/week of brisk walking, jogging or 
stationary cycling at a heart rate of 70 to 85% of the peak heart 
rate achieved during the 3-week exercise test. Patients who 
were given no formal prescription for physical activity were, 
like the other 2 groups, advised about the kinds of physical 
activity that they could safely undertake based on the results 
of the treadmill exercise test. Neither the cardiologist nor the 
nurse had access to patients’ or spouses’ efficacy ratings. 


Results 


Husbands’ treadmill test performance: The peak 
treadmill workloads achieved by patients at 3, 11 and 
26 weeks after infarction were 6.2 + 1.7, 7.7 + 1.6 and 
8.0 + 1.8. МЕТУ, respectively. The groups did not differ 
significantly in this regard. The corresponding peak 
heart rates were 137 + 19, 150 + 20 and 155 + 20 
beats/min, without significant intergroup differences. 
The increase in peak workload and heart rate between 
3 and 11 weeks was significant (t = 2.7, p «0.008 and t 
= 4.5, p <0.0001, respectively); no further significant 
increase in peak heart rate or workload occurred be- 
tween 11 and 26 weeks. Overall, one-third of the pa- 
tients demonstrated treadmill-induced ischemic ST- 
segment depression or angina pectoris, or both without 
significant differences among groups in the frequency 
of these ischemic abnormalities. None of the 30 patients 
experienced reinfarction or death during the study. 

Changes in perceived physical and cardiac effi- 
cacy: Self-efficacy scores for patients and spouses be- 
fore treadmill testing did not differ significantly be- 
tween groups (Fig. 1). Patients exhibited a highly 
significant increase in the perception of their cardiac 
capability after treadmill testing and counseling (F = 
7.5, р <0.001). Their perceived cardiac efficacy in- 
creased significantly after the treadmill test experience f 
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Treadmill Test Performance and Perceived Ейс at Three Weeks as Predictors of Later Treadmill Performance: x 











TABLE I 
Pearson Product-Moment Correlations . 
ee us ў 
Rating of Perceived Efficacy at 3 Weeks E us E | 
Treadmill Test at 3 Weeks Physical Cardiac d. B “= 
Peak METs Peak HR Patient Spouse Combined Patient Spouse Combined 3. a | 
11-Week Treadmill m | : PA 
Max METs 0.44 0.29 0.36" 0.29 0.37" 0.401 0.431 0.48: ОШ 
Max HR 0.31 0.35* 0.15 0.13 0.17 0.35" 0.427 0.451 1 
26-Week Treadmill 75 
Мах МЕТ 0.48ї 0.40! 0.29 0.23 0.30 0.24 0.46! 0.391 E 
Max HR 0.451 0.551 0.451 0.31 0.441 0.668 0.491 0.675 ^ ke 
* p «0.05; ! p «0.025; їр «0.01; $ p «0.001. oO 
HR = heart rate. ME 
i¥ m 


(t = 4.5, p <0.0001) and medical counseling (t = 2.5, p 
«0.01). Perceived physical self-efficacy was similarly 
enhanced by treadmill testing and counseling (F = 3.06, 
p «0.05). Here too, the treadmill test experience and 
medical counseling contributed to the change in pa- 
tients’ perceptions of their physical capacity (t = 3.94, 
p «0.0005 and t = 3.59, p «0.001, respectively). Wives’ 
ratings of their husbands' cardiac and physical efficacy 
before treadmill testing were substantially lower 
than those of their husbands, reflecting wives' 
doubts about their husbands' capacity for physical 
effort. 

Among wives who did not actually participate in 
treadmill walking, no significant increase in the per- 
ception of their husbands' capabilities occurred (Fig. 
1). In contrast, wives who personally experienced the 
strenuousness of the effort expended by their husbands 
on the treadmill registered a sharp overall increase in 
their perceptions of their husbands' cardiac and phys- 
ical efficacy (Е = 6.99, p «0.004 and F = 5.49, p «0.01, 
respectively) (Fig. 1). The overall congruence between 
husbands' and wives' ratings of physical and cardiac 
self-efficacy were significantly greater in wives who 
walked on the treadmill than in those who did not (F = 
3.91, p «0.05 and F = 3.08, p «0.02). 

Relation between perceived efficacy and tread- 
mill test performance: Patients' perceptions of their 
capabilities predicted their treadmill performance: the 
higher they perceived their physical efficacy to be before 
testing, the higher was their peak treadmill workload 
(т = 0.31, p <0.05) and heart rate (т = 0.40, p «0.025). 
The more robust they judged their hearts to be, the 
higher the peak heart rate they achieved on the tread- 
mill (т = 0.46, p «0.01). 

Changes in self-efficacy after treadmill testing re- 
flected the treadmill test performance: Attainment of 
high treadmill workloads was accompanied by high 
ratings of cardiac and physical efficacy (r = 0.40, p «0.02 
and г = 0.46, p «0.01, respectively). Similarly, high peak 
treadmill heart rates were associated with high per- 
ceived cardiac and physical efficacy (r = 0.43, p «0.02 
and г = 0.42, p «0.02, respectively). 

Relation between perceived efficacy and later 
treadmill test performance: The measures of per- 


ceived efficacy obtained after treadmill testing and 
ical counseling at 3 weeks were correlated with peak 


4 ye 
s ned] 








treadmill heart rate and workload at 11 and 26 weeks i б 
(Table I). Patients’ perceptions of their physical effi- — 
cacy at 3 weeks bore some relation to their subsequent — 
treadmill performance. Although peak treadmill heart — 
rate and workload at 3 weeks were also predictive ot? 
later treadmill performance, the combined perception. 
of patients and their wives concerning the patients’ - 
cardiac capabilities proved to be the most consistent — E 
predictor of patients’ cardiovascular functioning, | 4 F 
whether measured in terms of maximal workload or. 
heart rate at 11 or 26 weeks. 


Discussion Я E 


Psychologic recovery from heart attack is a social | 
rather than a strictly individual matter. Wives’ notions — — 
about their husbands’ physical capabilities can assist — 
or impede the recovery process. Medically ипуўаттай А 
сопсегпз тау impede patients’ functional recovery from ai 
AMI even in clinically low risk subsets in whom the - 
potential for functional recovery is greatest. E 

The present study underscores the value of treadmill — : 
testing and counseling early after AMI in reassuring | 
clinically low risk patients and their spouses about 4 
the capacity of patients to resume their customary . 
activities. 4 

Before exercise testing and counseling the percep- . "E 
tions of wives and their husbands concerning the hus- _ 
band’s physical and cardiac capabilities were highly _ 
discrepant—husbands judged themselves moderately 
robust, whereas wives judged their husbands’ cardiac — 
capability as severely diminished and incapable of 
withstanding physical and emotional strain. Spouses __ 
who were either uninvolved in, or merely observers of, — 
the treadmill test did not significantly change their  - 
considerable doubts about their husbands’ physical and 
cardiac capabilities. Wives who merely observed their _ 
husbands’ treadmill tests may have focused more on 1 
symptoms and signs than on their spouses’ attainment _ 4 
of relatively high workloads. Selective attention to шека 
husbands’ symptoms would reduce the wives’ benefit - 
of observing the test. E. 

In contrast, wives who not only watched their hus- 
bands’ treadmill performance, but also performed atthe 
same level themselves substantially increased their _ 
judgments of their husbands’ physical and cardiac ef- —— 

_ ficacy. This underscores the power of direct participa- — 
& EYRE Zo $t 3 hc а T A у ЛИЕ КҮТҮҮ. 
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1 Block їп 5 min. 

2 Blocks in 10 min. 

3 Blocks in 15 min. 

AM 4 Blocks in 20 min. 

Ей 5 Blocks їп 25 тїп. 

ET 1 Mile in 30 min. 

By 2 Miles in 60 min. 

iS 3 Miles in 90 min. 

E Strength of efficacy—total score 
Strength of efficacy—mean score 


C = counseling; TM = treadmill. 


id capabilities. 
794 . Direct participation in treadmill walking may also 
rl iave influenced wives’ responses to the counseling that 
di $ followed treadmill testing, for these wives demonstrated 
a greater i increase in efficacy after counseling than those 
bof the other 2 groups. The counseling session afforded 
- an opportunity to generalize the implications of the 
rae treadmill test performance to activities and conditions 
© quite different from treadmill exercise. If the treadmill 
test is interpreted as an isolated task, its impact on 
рет ceived cardiac and physical efficacy may Бе limited. 
a However, if the test is interpreted in a counseling session 
` аз a generic indicator of patients’ capacity to resume a 
T broad range of customary activities,’ patients are likely 
д to resume these activities and spouses are more likely 














; Ns The present. study extends previous findings that 
n" self-efficacy i is an important factor in recovery from 

AMI.! In the study of Ewart et al,! patients’ ratings of 
- self-efficacy 3 weeks after infarction were more pre- 

төн of directly measured physical activity in the 

` week after the treadmill test than were peak treadmill 
Ж ‘heart rate and workload at 3 weeks. In the present 
` study, Joint perceived cardiac efficacy of patients and 
i their spouses predicted later maximal treadmill heart 
` rate and workload even when treadmill performance at 
3 weeks was taken into account. The relative superiority 
of perceived cardiac efficacy over perceived physical 
д efficacy as a predictor of the level of cardiac functioning 
оп follow-up treadmill tests is of interest. 
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ре “TABLE | " Rating of “ia су M 
| 10% 20% 30% 40% 50% 


Quite Moderately 
Uncertain Certain 
Walking 





60% 70% 80% 90% 10096 


Quite 
Certain 
Perceived Efficacy Ratings 
Pre-TM Post-TM Post-C 

100 100 100 
100 100 100 
90 100 100 
80 90 100 
80 90 100 
70 90 100 
60 90 100 
50 80 90 
630 740 790 
79 93 99 
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Appendix 


Herein is an example of the method used to calculate 
strength of self-efficacy: A patient’s confidence or self-efficacy 


in his ability to tolerate a given activity or condition is rated - 


on the horizontal 10-point scale from 10% (quite uncertain) 
to 100% (quite certain) (Table II). The mean strength of 
self-efficacy for walking before treadmill testing is 79%. This 
is obtained by dividing the total score of 630 by 8, the number 


of levels for this activity. In this example, the self-efficacy for 


walking increased from 79 to 93% after treadmill testing and 
to 99% after counseling, an overall change of 25%. 

The overall strength of physical self-efficacy for this patient 
was obtained by averaging the mean scores for walking with 
8 remaining activities or conditions, ie., running, stair 
climbing, weight lifting, sexual activity, anger arousal, body 
tension, social stress and family discord. 
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2 INOCOR lactate injection, brand of amrinone lactate, represents a new Clags of cardiac 

major a vance inotropic agents with vasodilator activity, distinct from digitalis glycosides or 
catecholamines. 

INDICATIONS AND USAGE (INOCOR lactate injection is indicated tor the short-term 


* 
management of congestive heart failure in patients who can be closely monitored and 
who have not responded adequately to digitalis, diuretics, and/or vasodilators ) 


INOCOR lactate injection is indicated for the short-term management of conges- 


е e tive heart failure. Because of limited experience and potential for serious adverse 
і n ГО [( era effects (see ADVERSE REACTIONS), INOCOR should be used only in patients who can 
be closely monitored and who have not responded adequately to digitalis. diuretics. 


and/or vasodilators, Although most patients have been studied hemodynamically for 
periods only up to 24 hours, some patients were studied for longer periods and 
demonstrated consistent hemodynamic and clinical effects. The duration of therapy 
should depend on patient responsiveness. 


iei CONTRAINDICATIONS INOCOR lactate injection is contraindicated in patients who 
ener OY efficient are hypersensitive to it. 
= It is also contraindicated in those patients known to be hypersensitive to bisulfites 
(н) PRECAUTIONS General: INOCOR lactate injection should not be used in patients with 
Severe aortic or pulmonic valvular disease in lieu of surgical relief of the obstruction 
Like other inotropic agents, it may aggravate outflow tract obstruction in hypertrophic 
| subaortic stenosis 

| | During intravenous therapy with INOCOR lactate injection, blood pressure and 

showing excessive decreases in blood pressure. 
Patients who have received vigorous diuretic therapy may have insufficient 
Cardiac filling pressure to respond adequately to INOCOR lactate injection, in which 





heart rate should be monitored and the rate of infusion slowed or stopped in patients 


Case Cautious liberalization of fluid and electrolyte intake may be indicated 
Supraventricular and ventricular arrhythmias have been observed in the very 
high-risk population treated. While amrinone per se has not been shown to be 


2 arrhythmogenic, the potential for arrhythmia, present in congestive heart failure itself 
n ea ( а ec О amines may be increased by any drug or combination of drugs 
Thrombocytopenia and hepatotoxicity have been noted (see ADVERSE 


REACTIONS). 


LABORATORY TESTS Fluid and electrolytes: Fluid and electrolyte changes and renal 
r e О de erm function should be carefully monitored during amrinone lactate therapy. Improvement 
in cardiac output with resultant diuresis may necessitate a reduction in the dose of 


diuretic. Potassium loss due to excessive diuresis may predispose digitalized patients 


= 
to arrhythmias. Therefore, hypokalemia should be corrected by potassium supple- 
mentation in advance of or during amrinone use 
DRUG INTERACTIONS In a relatively limited experience, no untoward clinica! mani- 
festations have been observed in patients in whom INOCOR lactate injection was used 
concurrently with the following drugs: digitalis glycosides, lidocaine, quinidine meto- 
prolol, propranolol; hydralazine, prazosin, isosorbide dinitrate, nitroglycerine, chiorthal 
done, ethacrynic acid, furosemide, hydrochlorothiazide, spironolactone, captopril 
O Independent of the effects of heparin, warfarin, potassium supplements, insulin, diazepam 
One case of excessive hypotension was reported when amrinone was used 


* . * . 
digitalis and catecholamines e Hort одате утса is available, concurrent administration with Norpace"' 


disopyramide should be undertaken with caution 
USE IN ACUTE MYOCARDIAL INFARCTION INOCOR is not recommended for use in 


О Hemodynamics r apidly impr oved USEIN CHILDREN Salet) and effectiveness in children have not been established 


USE IN PREGNANCY Pregnancy category C: Іп New Zealand white rabbits, amrinone 

has been shown to reduce fetal skeletal and gross ang malformations at oral doses 

of 16 mg/kg and 50 mg/kg that were toxic for the rabbit. Studies in French Hy/Cr rabbits 

O Heart rate and blood pres Su re using oral doses up to 32 mg/kg/day did not confirm this finding. No malformations 
а 1 were seen in rats receiving amrinone intravenously at the maximum dose used, 

not Sl nificant! chan ed 15 mg/kg/day (approximately the recommended daily IV dose for patients with con- 

g M g eee gestive heart failure). There are no adequate and well-controlled studies in pregnant 

women. Amrinone should be used during pregnancy only if the potentia! benefit 


. . ۱ : | 
has not been shown to increase risk зк су facon vu be eatis when anmere a 
a d dt | k heth h 
of а Г rhythm 1 а S = Eee o nursing women, since it is not known whether it is excreted in human 


ADVERSE REACTIONS Thrombocytopenia: Intravenous INOCOR lactate injection 
resulted in platelet count reductions to below 100,000/mm in 2 4% of patients 
Gastrointestinal effects: Gastrointestinal adverse reactions reported with INOCOR 


O Can be used in patients with lactate injection during clinical use included nausea (1.7%), vomiting (0.9%), abdominal 


9 š x pain (0.4%), and anorexia (0.4%). 
d | һ Cardiovascular effects: Cardiovascular adverse reactions reported with INOCOR 
myocar 1а 1SC emia lactate injection include arrhythmia (3%) and hypotension (1.3%) 
Hepatic toxicity: In dogs, at IV doses between 9 mg/kg/day and 32 mg/kg/day. 


amrinone showed dose-related hepatotoxicity manifested either as enzyme elevation 
or hepatic cell necrosis or both. Hepatotoxicity has been observed in man following 


О Benefits sustained during therapy. 556 long-term oral dosing and has been observed, in a limited experience (0.2%), following 
t я IV administration of amrinone 

no evidence of tach h laxis Hypersensitivity: There have been reports of several apparent hypersensitivity reac- 

Vp V tions in patients treated with oral amrinone for about two weeks. Signs and symptoms 

were variable but included pericarditis, pleuritis, and ascites (one case), myositis with 

interstitial shadowing cn chest x-ray and elevated sedimentation rate (one case). and 


. . 
vasculitis with nodular pulmonary densities, hypoxemia, and jaundice (опе case) The 
O Easy to administer first patient died, not necessarily of the possible reaction, while the last two resolved 
with discontinuation of therapy. None of the cases were rechallenged, so attribution to 





amrinone is not certain, but possible hypersensitivity reactions should be considered in 


е oe any patient maintained for a prolonged period on amrinone 
Patients receiving INOCOR should be car efully trike nins ro — y toas in а чору ситса! 
$ ~ 9 a Studies include fever (0.9%), chest pain (0.2%), and burning at the site of injection 
- monitored with the following laboratory ШЕР AH A MS 
"" . tt . ы oses о aCtate injection may produce hypotension 
| stud ICS: platelet counts, liver e nzyme S. fluid and because of its vasodilator effect. If this occurs, amrinone administration should be 
A | f $ reduced or discontinued. No specific antidote is known, but general measures tor 
-~ electrolyte changes, and renal function. crouiatory support shoudbetaken п т : 
1 t atelet count reductions: Asympto- 
Hypokalemia should be CO rrected bv potassiu m matic platelet count recuction (to less than 150,000/mm?) may be reversed within one 
ч - E 4 week of a decrease in drug dosage. Further, with no change in drug dosage. the count 
supplementation 1n advance of or du ring may Stabilize at lower than predrug levels without any clinical sequelae. Predrug plateiet 
» counts and frequent platelet counts during therapy are recommended to assist in 
amrinone use. decisions regarding dosage modifications. 
* Should a platelet count less than 150,000/mm? occur, the following actions may be 
2 А LM. 4 considered 
1. Respective products’ prescribing information, PDR®, 1984, ed. 38. : * Maintain total daily dose unchanged, since in some cases counts have either 
2. Masorien RD, Unverferth DV, Brown GP et al: Dobutamine and hydralazine: Comparative stabilized or returned to pretreatment levels 
influences of positive inotropy and vasodilation on coronary blood flow and myocardial * Decrease total daily dose. 
ak in nonischemic congestive heart failure. Journal of the American College of ? erase aly If, in the clinical judgment of the physician. risk exceeds the 
Cardiology 1983;1:499-505. Gastrointestinal side effects: While 
° 1 А : gastrointestinal side effects were seen infrequently 
3. Gold LI, Hsieh Y Y; Resnekov L: Newer catecholamines for treatment of heart failure with IV therapy, should severe or debilitating ones occur, the physician may wish to 
and shock: An update on dopamine and a first look at dobutamine. Prog Cardiovasc Dis reduce dosage or discontinue the drug based on the usual benefit-to-risk 
1977:19(4):327-340. considerations. 
4. Data on file, Winthrop-Breon Laboratories. Hepatic toxicity: In clinical experience to date with IV administration, hepatotoxicity has 


rarely been observed. If acute marked alterations in liver enzymes occur together with 
Clinical symptoms, suggesting an idiosyncratic hypersensitivity reaction, amrinone 


| Д ر‎ ^ ; OU TROC therapy should be promptly discontinued 
Please see brief summary of product information on this page for contraindications, adverse If less than marked enzyme alterations occur without clinical symptoms, these 


reactions, patient selection, and precautionary recommendations. nonspecific changes should be evaluated on an individual basis. The clinician may 


wish to continue amrinone and reduce the dosage or discontinue the drug based on 
the usual benefit-to-risk considerations 


A HOW SUPPLIED Ampuls of 20 mL sterile, clear yellow solution containing INOCOR 
5 mg/mL, box of 5 (NDC 0024-0888-20). Each 1 mL contains INOCOR lactate 


\Alinthran Rrann Ї aharatarinan Mi dai £ Cau ^ 1 к! Malo RINKS ANAS M av^ equivalent to 5-mg base and 0.25 ma sodium metabisulfite in water for iniection 
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Acute Hemodynamic and Antiischemic Effecis 
of Intravenous Amiodarone 


WILLEM J. 


REMME, MD, DIEDERIK С.А. VAN HOOGENHUYZE, MD 


X. HANNO KRAUSS, MD, ALBERT HOFMAN, PhD. 
DICK A.C.M. KRUYSSEN, MD, and COCK J. STORM, MD 


The acute гория апа antiischemic proper- 


ties of amiodarone were investigated in 16 patients 
diameter reduction of a left 


with more than 70” 
coronary artery. two: successive atrial pacing stress 
tests (APST i and 1) were performed, with an in- 
terval of 40 minutes in between, and amiodarone, 
5 mg/kg/5 min, was infused 30 minutes after APST 
|. Hemodynamic changes during amiodarone ad- 
ministration consisted of a 20% decrease in left 
ventricular (LV) systolic pressure, a 13% decrease 
in systemic vascular resistance and an 18% de- 
crease in stroke work. Coronary vascular resistance 
was reduced 19% and coronary sinus flow in- 
creased 23%. Despite a secondary 14% increase 
in heart rate, contractility decreased 21%, ac- 
companied by a 
pressure, which persisted until APST Il. Although 
most hemodynamic changes were observed only 


Amiodarone, widely used as an antiarrhythmic agent, 
was originally introduced as an antianginal compound,! 
primarily because of its hemodynamic properties, which 
indicate that it has the potential to reduce myocardial 


ischemia. In the intact animal it reduces vascular re- — 


sistance and afterload. and increases coronary flow as 
a result of its smooth-muscle relaxing properties,2-5 
while. in addition to its negative chronotropic activity, 
it reduces contractility as well at the higher dose levels.® 
Thus, the myocardial oxveen supply/demand ratio is 
favorably altered and myocardial oxygen consumption 
reduced, Although the results of the various animal 
studies are | aT 
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a 45% increase in LV end-diastolic 





ie changes on myocardial Ischemia m hum: 





(47-4 4%) and 1 \ | 


during the infusion, contractility and LV systolic 
pressure were still diminished at the beginning of 
APST Il and remained so during pacing. resulting in 
a reduction in myocardial oxygen demand compared 
to APST I. Although overall myocardial oxygen 
consumption and coronary flow were equal during 


'both pacing tests. amiodarone significantly reduced 


pacing-induced myocardial ischemia. Lactate me- 
tabolism remained normal during APST II (lactate 


extraction 12 + 3% vs —28 + 8% (APST I) at 
maximal pacing rates |p < 0.05 |). while ST-segment 
. depression, LV end-diastolic pressure postpacing 


and angina were also significantly reduced during 
APST 1. Thus. in humans, intravenous amiodarone 
reduces vascular resistance and contractility and 


- inhibits pacing-induced myocardial ischemia, pre- 
| sumably by reducing myocardial oxygen demand. 


(Am J Cardiol 1985:55:639- 644) 





study.’ In addition. tne effect of these hemodynamii 
i^ has 11001 been 


Heras |: ardio- 


investigated. In this study. the mixta 
vascular action- o! anyodarone mm patients with coro 
nary artery disease, is well as the effects on pacing 


induced myocardial ischemia were Investigated, 
Methods 

Patients: We -~iudied 16 patients i laon iid | woman), 
aged 42 to 67 youi- mean oo) with stab тое mduced 
angina pectoris ı111 осите sens of dsl la during stress 
testing. All carac medical] FATEH iorb-Iasting nitro- 
glycerin was wiil} Kd 4810 72 hours betore the studs. Cath 
eterization Was performed without: premedication for the 
patient and aft: | an overnight fast. To partierpates a stenosis 
of more than 70 n rhe felt anterior descending arterv, the 
left circumflex artery or proximal marginal branches had to 
be present, thus |. that venous bleod em The stenoti 
area was соПесі: | the coronary sints cut eter. Three ра 
tients had 1- vessel. 0 had 2-vessel and d had vessel disense. 
= vh vn UN ejection і UO Vi shily decreased 
Acl -ditastoli ume indes was normal (S1 














LVEDV (ml/m?) 
57M 0 94 
58F 0 61 
54M Inf 97 
53M Inf 37 
59M Inf 150 
67M Ant 76 
51M Inf 74 
42M 0 46 
56M 0 89 
55M 0 42 
50M Inf 89 
47M 0 80 
50M Ant 48 
53M Ant 115 
50M Ant 67 
57M 0 81 
B3 + 2 78+7 


% Diameter Reduction 


LVEF (%) LAD LC RCA 
61 80 90 0 
63 80 90 + 100 0 
22 70 0 100 
70 90 0 100 
38 70 80 90 
35 100 100 0 
34 70 + 90 0 100 
51 80 0 100 
25 99 90 100 
50 80 + 90 90 60 
44 0 80 90 
60 100 0 70 
49 80 90 99 
23 100 
67 100 70 + 90 0 
51 90 0 

46 + 4 


A nt = anterior; Inf = inferior; LAD = left anterior descending coronary artery; LC = left circumflex artery; LVEDV = left ventricular end-diastolic 
volume; LVEF = left ventricular ejection fraction; MI = myocardial infarction: RCA = right coronary artery; SEM = standard error of the mean. 






















= Catheterization procedures: After routine left and right 
- coronary arteriography was carried out using the Seldinger 
| technique, a No. 7Fr Millar micromanometer catheter was 
tioned in the left ventricle using a Desilet system in the 
femoral artery. The side arm of this Desilet system was used 
_ to record aortic pressures. A No. 7Fr Swan Ganz catheter was 
_ advanced through a femoral vein with its tip in a pulmonary 
artery and its proximal lumen in the right atrium. Then, а 


` ma nometer pressures were balanced to 0 and calibrated with 


E] 
Д 


- by the thermodilution technique. All pressures and pres- 
_ sure-derived contractility indexes (LV peak dP/dt pos, dP/ 
- dt/P at 40 mm Hg (VCE40) and Vmax total pressure) as well 
as cardiac output were determined online by a Mennen- 
Zathlab computer system. Calculations were made from 12 
ecutive beats. Coronary sinus blood flow was determined 
the continuous infusion thermodilution method as 
inally described by Ganz et al.19 Thirty to 35 ml of glucose 
at room temperature was infused over 30 seconds into the 
nary sinus. During the infusion both the mean and pul- 
satile flow were recorded simultaneously and measurements 
were made during midrespiration after the mean flow curve 
had stabilized. The external thermistor was always well inside 
the coronary sinus ostium to prevent atrial reflux interfering 
_ with the flow measurements. This was confirmed by a bolus 
ection of saline solution into the right atrium. A coronary 
lous angiogram using 3 ml of Renografin 76° was recorded 
a video disk to allow rechecking of the position of the 
eter tip during the investigation. 
etabolic and electrocardiographic measurements: 
ultaneous sampling of 2 ml of blood for lactate essay was 
ormed from the coronary sinus and left ventricle which 
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and Wahlefeld.!! Venous and arterial О» saturation values 
were measured using an American Optical oximeter. 

Throughout the studies leads I, II and V5 were continuously 
monitored, and ST-segment changes, 0.08 second after the 
J point, measured in 5 consecutive beats at a paper speed of 
50 mm/s. 

Calculations: From the measured values, the following 
calculations were made: coronary vascular resistance (mean 
arterial pressure/coronary sinus blood flow); myocardial O» 
consumption or uptake (difference in arterial and coronary 
sinus О» content X coronary sinus blood flow); modified 


tension-time index or double product, an index of myo- 


cardial О demand (heart rate X LV systolic pressure). Sys- 
temic vascular resistance, derived as 80 (arterial mean pres- 
sure — atrial mean pressure)/cardiac output; pulmonic vas- 
cular resistance, derived as 80 (pulmonary mean pressure — 
LV mean diastolic pressure)/cardiac output; stroke work 
index was expressed as stroke index (mean aortic pressure — 
LV end-diastolic pressure) X 0.0136. Myocardial lactate ex- 
traction (70), derived as 100 (arteriocoronary sinus/arterial 
lactate concentration). 

Study protocol: After positioning of the catheters, a sta- 
bilization period of at least 15 minutes was allowed to reach 
a minimum interval of 30 minutes between coronary angiog- 
raphy and the study. Multiple control determinations of all 
variables were then made to ensure a stable baseline. Then, 
the first atrial pacing stress test (APST I) was carried out with 
increments in heart rate of 10 beats/2 minutes until angina, 
atrioventricular block or a maximal heart rate of 170 beats/ 
min. All variables were again determined at prefixed heart 
rates during pacing (e.g., at 100, 120, 140 and 160 beats/min), 
during angina or block, followed by measurements 15 seconds, 
1, 2 and 5 minutes after pacing. After a 25-minute stabilization 
period after APST I, control measurements were carried out 
and at 30 minutes after APST I, amiodarone (5 mg/kg body 
weight) was infused over 5 minutes. All determinations were 
repeated at 1, 3 and 5 minutes after the onset of amiodarone 
administration, followed by measurements 5 minutes after 
the infusion. A second atrial pacing stress test (APST II) was 
carried out in an identical fashion as APST I. To ensure 
identical pacing heart rates, the patients received 0.5 mg at- 
ropine before each APST.  __ 

Statistical analysis: Our data-analytic approach was 2- 
fold. First, the measurements during and after amiodarone 
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TABLE Il 
During Amiodarone Infusion M. 
5minAfter — 
Control 1 min 3 min 5 min Infusion - j 
HR (beats/min) 78 ±4 84 + 4.5* 89 + 4* 87 + 4* 7743. Ша 
LVSP (mm Hg) 141 046 129 X 6* 113 +4* 1184 5° 128 +. 5° m 
MAP (mm Hg) 103 + 4 96 + 3* ре E b 92 + 3* 99 £37 ЧЕ 
CO (liters/min) 4.8 + 0.3 zi V ds 4.9 + 0.2 DE 
SVR (dynes s cm ^5) 1,698 + 76 o s Dn 1,475 + 84* 
SI (ml/beat/m?) 31 42 ДХ "є? 30 + 2 
SWI (g/m/m?) 39+ 3 We з 32 + 3* 2E 
LV peak dP/dt pos (mm Hg s7) 1,789 + 61 1,609 + 109 1,543 + 120* 1,419 + 100* 1,355 577 
Vmax (s71) 49+3 46+2 49+3 44+ 2” 40 t31 
VCE 40 (s71) 34 +2 32 2 32 + 3 28 + 2* 27 + 2А —— 
LVEDP (тт Hg) 11 x 1 10+ 1 wt 134 2° 1682 3, 
PAS (mm Hg) 25 1 26 + 2 31+ 2 4242" 32 + 1*9 
PAD (mm Hg) 13 + 1 14 + 1 17 + 1° 17 + 1° 17 ЕТ 
PVR (dynes s ст) 202 + 16 i» а 220 + 14 АУ 


* р <0.05 vs control. 
CO = cardiac output; HR = heart rate; LVEDP = 








Systemic Hemodynamic Changes During Amiodarone Administration 


left ventricular end-diastolic pressure; LVSP = 
aortic pressure; PAD = diastolic pulmonary artery pressure; PAS = systolic pulmonary artery pressure; PVR = pulmonary vascular resistance; - 
SI = stroke index; SVR = systemic vascular resistance; SWI = stroke work index. 





left ventricular systolic pressure; MAP — mean 


TABLE 11 Coronary Hemodynamic Changes During Amiodarone Administration 
| During Amiodarone Infusion k 
5 min After 
Control 1 min 3 min 5 min Infusion — 
CSBF (ml/min) 127 + 11 146 + 13* 153 X: 13* 152 3- 15* 139 + 13 І 
CVR (mm Hg/ml/min) 0.9 + 0.1 0.7 + 0.05* 0.6 + 0.05* 0.7 + 0.05* 0.8 + 0.1 t 
AA-CS О» content (vol 96) 7.2 X 0.3 6.5 + 0.4* 5.4 + 0.4* 5.8 + 0.5* 7.2 ± 0.4 I 
MVO; (ml/min) 9.1 + 0.9 9.3 + 0.9 8.13: 1 8.3 ± 0.8 9.5 + 1 $ 
TTI (HR X LVSP X 107°) 10.4 + 0.5 10.1 ± 0.4 9.9 + 0.5 10.1 + 0.5 102+ 0.6 da 
* p <0.05 vs. control. iY 
A = arterial; CS = coronary sinus; CSBF = coronary sinus blood flow; CVR = coronary vascular resistance; HR = heart rate; LVSP = left ventricular 


systolic pressure; ММО, = myocardial oxygen consumption; ТТІ = 


administration were compared with baseline (control) value. 
A t test for paired observations with 11 degrees of freedom was 
used, as the objective of this analysis was to test differences 
with the baseline observation. А 2-tailed p value «0.05 was 
considered significant. 

Second, comparisons of measurements during atrial pacing 
before and after amiodarone administration were made, again 
using a t test for paired observations, with a 2-tailed p value 
«0.05 indicating a significant difference from 0. All values are 
expressed as mean + standard error of the mean. 


Results 


Systemic hemodynamic changes during ami- 
odarone infusion: The systemic hemodynamic effects 
of amiodarone are given in Table II. During the infusion 
an immediate decrease in LV systolic and aortic pres- 
sures was observed with a maximal decrease of 20% and 
16% during the third minute of amiodarone adminis- 
tration. LV systolic pressure was still reduced 5 minutes 
after the infusion. At the end of the infusion systemic 
vascular resistance and stroke work index had decreased 
13% and 18% from their control values (p <0.05), while 
cardiac output and stroke index remained unchanged. 
Heart rate increased immediately, with a 14% increase 
at the third minute of infusion (p «0.05 vs control). 
These changes lasted a short time and had returned to 
baseline levels 5 minutes after amiodarone adminis- 


tration. In contrast to the early and short-lasting in- 


modified tension-time index or double product. 


longer lasting with a maximal reduction 5 minutes after 


crease in heart rate, a significant decrease in contrac- — 
tility occurred later during the infusion, which was 

amiodarone (Vmax 18% and VCE40 21% vs control). - 
Concomitant with these changes in contractility, LV _ 
end-diastolic pressure increased significantly, from 11 Te 
+ 1 mm Hg (control) to 15 + 2mm Hg at the end of the 
infusion and to 16 + 2 mm Hg 5 minutes after ami- . 
odarone administration. Systolic and diastolic pulmo- | 
nary pressure increased from 25 + 1 and 13 + 1 mm Hg. i 
before amiodarone to 32 + 1 and 17 + 1mm Hg 5min- _ 
utes after amiodarone administration (p «0.05). Pul- R 


monary vascular resistance did not change. 1 


Coronary hemodynamic changes during ami- _ 
odarone (Table III): Coronary vascular resiste 
decreased immediately during amiodarone adminis- - 
tration, with a maximal change of 19% (p <0.05). Cor- 
onary sinus blood flow increased significantly witha 
maximal 23% increase during the third minute. These _ 
changes were short-lasting and only found during am- - 
iodarone administration. Although during the same - 
period the difference in arterial and coronary sinus 025 
content diminished by 27% (p «0.05 vs control), myo- | 
cardial oxygen consumption remained unchanged, as _ 
did myocardial oxygen demand. » 

Effects of amiodarone on hemodynamics during E 
atrial pacing stress tests (Table IV): During both P 





" TABLE! I Effects of "Anibderófie 6 on т Héshodiamiós ба Atrial Pacing Stress Test 


j Ж: 





5 min PP 


Ke AN Control 100 beats/min 120 beats/min AP 1 min P-P 2 min P-P 
E _LVSP (mm Hg) | 14545 142 + 5 139 +7 146 + 8 149 +7 149 + 8 137 + 6 
11 128 + 5* 131 + 5* 126 + 5* 129 + 6* 137+ 6* 136 + 6* 129 + 6* 
E Tm (X 107%) | 114.62 0.6 14.3 + 0.5 17 + 0.8 оол 1.0 11.4 + 0.7 11.6 + 0.8 10 + 0.4 
П 10.2 +0.6* 13.2 £05" 15 + 0.6* 17.5 + 0.9* 10.6 + 0.6 10.4 + 0.6* 10.24 0.6 
| Av dP/dt pos | 1,788 + 93 1,904 + 91 2,066 + 165 2,099 + 132 1,828 + 121 1,821 + 117 1,594 + 94 
(mm Hg s -1) l| 1,355 = 77* 1l;323 0 52* 1,547 + 72" 1,675 + 124* 16054126" 1,423 + 68°" 1,478 + 70 
VCE qo (5) | 39 эй 38+2 99 + 2 42 1-2 35 X2 $3 5.2 31 + 1.5 
| 11 26 + 2* 2684-1" Sect 2" 35 + 3* 91 2:5" 29 + 2" 29+ 1.5 
К ` CSBF (ml/min) | 137 tX 11 152 + 15 159 + 14 178 + 15 152 + 12 135 + 13 131 + 10 
|! 139 + 13 144 + 13 158 + 16 164 + 13 146 + 15 135 + 14 144 + 16 
| сув (mm Hg/ml/min) | 0.83 + 0.06 0.71 X 0.08 0.72 + 0.05 0.68 + 0.07 0.7 + 0.04 0.81 ± 0.08 0.8 + 0.05 
п 0.78 + 0.06 0.77 + 0.07 0.73 + 0.08 0.68 + 0.05 0.81 + 0.07 0.79 + 0.07 0.83 + 0.08 
_ муо; (ml/min) | 9.8 ± 0.9 10.7 ± 1.1 11.5 + 1:1 12.2 X 1.2 — 9.1 ± 0.9 9 + 0.9 
Il 9.5 t 1 9.9 + 1 10.9 + 1.1 11.7 + 0.8 — 9.2 ± 1.4 9.4 + 1 





E. ' p <0.05 APST | (before amiodarone) vs APST II (after amiodarone). 
Ar^ AP = end of pacing due to angina or block; CSBF = coronary sinus blood flow; CVR = coronary vascular resistance; LVSP = 


left ventricular 


p systolic pressure; P-P = post-pacing; TTI = tension-time index; | = first atrial pacing stress test; Il = second APST. 


m + 
LAPSI maximal heart rates were comparable: 144 + 6 
_ beats/min during APST I and 141 + 6 beats/min during 
о PST П. The tension-time index, however, was sig- 
_ nificantly diminished throughout APST II because of 

^a reduction in LV systolic pressure. Contractility, al- 
ready diminished after amiodarone administration, 

| remained significantly decreased during APST II. The 
` reduction i in tension-time index and contractility and, 

thus, in myocardial oxygen demand, did not result in 

| significant changes in coronary sinus blood flow, coro- 

- nary vascular resistance or overall myocardial oxygen 

consumption. 

Effects of amiodarone on pacing-induced ische- 
mia: Amiodarone clearly inhibited the development and 
extent of myocardial ischemia. During APST I myo- 
cardial lactate production was already evident at 120 

a beats/min before angina, increasing to —28 + 8% at the 
end of pacing and to a maximal value of —41 + 18% 15 

i: seconds after pacing (Fig. 1). In contrast, during APST 
П after amiodarone administration mean lactate ex- 

| traction values remained positive, although in a few 

_ patients some lactate production was found immedi- 

` ately after pacing. Individual lactate production values 

_ were, however, always less during APST II than during 





Lactate 
extraction 





С 100/min 120/min AP  15secPP РР pee 5'PP 


| FIGURE 1. Lactate extraction pattern during atrial pacing stress test 
(АРӘТ) before and after amiodarone administration. During the first 
| Stress test (APST 1), before amiodarone, lactate production is present 
at 120 beats/min and increases to a peak value of —41 + 18.496 15 
` seconds after pacing. During the second test (APST II), after amiodar- 
опе, there is a significant improvement in metabolism with lactate 
extraction values throughout the atrial pacing stress test. AP = maximal 
ering rate; P-P = postpacing. *p <0.05. 
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APST I. In addition, ST-segment changes were signif- 
icantly less during APST II (0.17 + 0.04 vs 0.26 + 0.04 
mV during APST I) (Fig. 2). Also, there was less eleva- 
tion in LV end-diastolic pressure immediately after 
pacing during APST II (17 + 2 vs 22 + 1.8 mm Hg dur- 
ing APST I, p «0.05) (Fig. 3). 

Finally, 14 patients complained of angina during 
APST I; during APST II, symptoms were absent in 8 
patients, less severe in 4 and similar in 4. 

Adverse effects: Amiodarone was generally well 
tolerated. Some patients experienced a warm feeling 
and facial flushing. In 2 patients (nos. 6 and 13), lactate 
production occurred during the last minute of infusion 
and 5 minutes after infusion, accompanied by ST- 
segment changes and a short-lasting period of angina 
in patient 6. 


Discussion 


Amiodarone, a benzofuran derivate, was shown in this 
study to have important hemodynamic and anti- 
ischemic properties in humans when given intrave- 
nously. These acute hemodynamic changes consist of 
an immediate reduction in systemic and coronary vas- 
cular resistance, a decrease in LV systolic and aortic 
pressures and in cardiac work, an increase in coronary 
blood flow and a reduction in the difference in arterial 
and coronary sinus O» content. Although a short-lasting 
increase in heart rate is observed, a later, but longer- 
lasting reduction in contractility occurs with an eleva- 
tion of LV filling pressure. 


ST-segment 





C 100/ 

min 

FIGURE 2. ST-segment depression values during pacing before and 

after amiodarone administration. There is significantly less ST-segment 

depression during the second atrial pacing stress test (APST Il), after 

amiodarone. AP = maximal pacing rate; P-P = postpacing. * p 
«0.05. 
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These cardiovascular effects compare well with he- 


~ modynamic changes in the intact animal.?-96 Some dif- 


on” 


ferences exist, however. In the animal studies, the 
vasodilating effect is more prominent in the coronary 
than in the systemic vasculature, with major changes 
in coronary resistance and flow and only a moderate 
decrease in systemic resistance and afterload.*°:!? In the 
present study, the magnitude of changes in afterload 
and coronary blood flow were comparable. 

Also, as amiodarone has negative chronotropic ac- 
tions, heart rate has been reported to decrease in animal 
studies, in contrast to our study results, in which an 
increase was found, presumably secondary to the de- 
crease in afterload. This also suggests that in humans, 
the vasodilating effect on the systemic vasculature is 
more important than in the intact animal model. 
However, one must be cautious with this deduction 
because the hemodynamic changes in man are a con- 
sequence of the combined effects of amiodarone and its 
solvent, Tween 80, whereas in the animal studies pure 
amiodarone is used. 

'The acute hemodynamic effects of intravenous ami- 
odarone in humans have been studied by other inves- 
tigators using an identical dose.” The rate of admin- 
istration, however, varied from 1 to 4 minutes. Also, 
various types of patients, as well as normal persons, were 
studied. Although this may explain the dissimilarity in 
the results of some of these studies, in 2 of these inves- 
tigations the same rate of infusion was used in the same 
type of patients. Still, opposing hemodynamic effects 
were reported.” 

This apparent dissimilarity was one of the reasons for 
conducting the present investigation. Only patients with 
coronary artery disease were studied and dose and rate 
of administration chosen on purpose, as this regimen, 
followed by a 1,500-mg infusion over 24 hours, was ef- 
fective in patients with ventricular tachycardias (un- 
published observation). 

Patients with a diminished LV ejection fraction were 
not excluded from the study, because in clinical practice 
patients receiving amiodarone for acute ischemia are 
likely to have a diminished ventricular function as well. 
Theoretically, in these patients the reduction in con- 
tractility and increase in LV filling pressure during the 
amiodarone bolus infusion may induce a deterioration 
of LV function and an aggrevation instead of an im- 
provement of myocardial ischemia. In this study this 
was only observed in 1 out of 6 patients with a LV 
ejection fraction less than 40%, indicating that ami- 
odarone may be given safely even to patients with di- 
minished ventricular function. Whether this still holds 
true under less stable circumstances, i.e., ischemia or 
infarction, must be further investigated. 

'The hemodynamic changes observed in this study 
could be partially caused by the solvent Tween 80. 
Sicart et al? compared the hemodynamic effects of 
amiodarone with solvent and pure Tween 80. They 
concluded that the early vasodilation and reduction in 
afterload observed during amiodarone administration 
were primarily caused by Tween 80 and the later effects, 


ie, changes in contractility and LV end-diastolic 
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of APST II in this E y * 

The antiischemic properties of amiodarone ad E 
man: Amiodarone was originally introduced as an  - 
antianginal agent and was clinically effective in patients y : 
with angina pectoris. 13-16 It was reported recently to E^. 
limit infarct size in the dog.!? In patients with variant — 
angina pectoris, amiodarone had beneficial effects. — 
Apart from a preliminary report from our laboratory, _ 
its antiischemic properties during acute episodes of - d 
pacing-induced myocardial ischemia have not been _ 
reported, nor have the hemodynamic actions уои 9. 23 


rence and extent of pacing-induced (regional) myo- Ё | 
cardial ischemia, although it did not affect overe УЯ 
myocardial О» consumption during atrial pacing. These. А i: 
antiischemic properties were demonstrated in particular | 

by normalization of myocardial lactate metabolism after ~ E 
amiodarone treatment. Myocardial lactate production, <= 
in our experience, is a sensitive indicator of ischemia _ 
when assessed immediately (15 seconds) after pacing. — 
Although the classic indexes of myocardial ischemia — 
(1.е., angina, ST-changes and LV end-diastolic pres й. 
after pacing) are reproducible at shorter pacing inter- ^ 
vals, an interval of at least 30 minutes between succes- | E 
sive pacing tests is needed for a reproducible lactate 
production pattern.?? A 40-minute period between the 
2 pacing stress tests was therefore chosen in this study — 
and no placebo- controlled patients were used. The an- | 
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reduction of anaerobic glycolysis, emphasized as we A. 
bya significant reduction in angina, ST-segment dex A 
pression and abnormal LV end-diastolic pressure ele- . x 
vation during APST II. Our study results indicate that © 
a reduction of tension-time index and contractility, г and | RE 
thus myocardial О» demand, is a major factor in this 
antiischemic action. During pacing, after amiodarone, 
the reduction of coronary vascular resistance had al- | 
ready disappeared and overall coronary flow was similar | 
during both pacing stress tests. This makes an increase . 3 
in regional flow in the ischemic area less likely. However, _ 
as we did not measure regional flow in this study, this | 
must remain an assumption. 
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FIGURE 3. Left ventricular end-diastolic pressure (LVEDP) values during 

and after atrial pacing stress test (APST), before and after amiodarone 
administration. LVEDP immediately after pacing (15 sec P-P) is signif- 
icantly less elevated after amiodarone. AP = maximal pacing rate; PP. j 
= postpacing. * p <0.05. 258 KE | 
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. When an 
injection, a longer-lasting increase in coronary blood 
flow may result, yielding an increase in regional oxygen 
_ delivery. Combined with the reduction in myocardial 
"05 demand, this will further diminish ischemia, pro- 
vided LV filling pressure remains within the normal 
range. It may be anticipated that such an approach will 
. benefit the acutely ischemic patient. Especially in the 
_ patient with infarction who has ventricular dysrhyth- 
mias as well, intravenous amiodarone may be considered 
- the treatment of choice. 
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Out-of-Hospital Sudden Coronary Death: Rest and Exercise 
Radionuclide Left Ventricular Function in Survivors 


JAMES L. RITCHIE, MD, ALFRED P. HALLSTROM, PhD, GENE B. TROUBAUGH, MD, 
JAMES H. CALDWELL, MD, and LEONARD A. COBB, MD 





One hundred fifty-four survivors of out-of-hospital 
ventricular fibrillation (VF) with coronary artery 
disease underwent radionuclide ventriculography 
an average of 4.2 months after VF. All patients were 
studied at rest, and 91 of these patients were also 
studied during supine bicycle exercise. Clinical 
histories and 24-hour ambulatory electrocardio- 
grams were also assessed, and patients were fol- 
lowed for an average of 3.1 years after ventricu- 
lography. The mean left ventricular (LV) ejection 
fraction (EF) at rest was 40 + 16%; іп 34% of pa- 
tients, it was 30 % or less; in 3796, 31 to 50%; and 
in 29%, more than 50%. Regional LV wall motion 
was normal in 18%. The most severe segmental 
abnormality was hypokinesia in 22%, akinesia in 
45% and dyskinesia in 14%. Wall motion abnor- 
malities were usually located at the apex. During 
exercise, only 3% of patients (3 of 91) had a normal 
increase in EF of more than 5%, and the mean EF 
decreased from 42 to 38%. New exercise- 
induced wall motion abnormalities occurred in 30%. 
During the follow-up period, 54 patients died (35 % ): 
48 from cardiac causes and 42 from unexpected and 


sudden causes. Predictors of death included EF at 
rest, presence of akinesia or dyskinesia on the 
ventriculogram at rest, the number of abnormal LV 
segments, history of congestive heart failure, history 
of acute myocardial infarction, absence of acute 
myocardial infarction at the time of VF and the 
presence of ventricular arrhythmia. In a stepwise 
regression analysis, EF at rest, arrhythmia fre- 


quency, history of congestive heart failure and ab- 


sence of acute infarction at the time of VF were 


selected as independently predictive for death, with 


EF selected first. When all clinical variables were 
forced into the model, only EF added significant 
predictive information; other radionuclide mea- 
surements as well as ambulatory electrocardio- 
graphic arrhythmia frequencies were of no or bor- 
derline significance. 

In conclusion, the radionuclide LVEF at rest is the 
best predictor of death in patients resuscitated from 
out-of-hospital VF. The diversity of rest and exercise 
levels of LV function suggest multifactorial patho- 
physiologic mechanisms in this syndrome. 

(Am J Cardiol 1985;55:645-65 1) 


ceteris سسس‎ ee eee 


Of the 600,000 estimated yearly cardiac deaths in the 
U.S., most are caused by coronary atherosclerosis; of 
these, half to two-thirds occur outside of the hospital 
with little or no warning." One approach to a better 
understanding of the pathophysiology of out-of-hospital 
sudden coronary death is through the study of resusci- 
tated survivors. Noninvasive measures that may iden- 
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tify patients at high risk would be of particular interest. 
In this report, we present the radionuclide assessment 


ае ا د‎ ee 


p. Gas icti E ewe ы EL E a Co Ai ЧЫ 


X M 


А" 


e 


"^ с д? Чы» Marth E 
AE ЛЗ: А! ЧЕЗ д» 


+ „2 5. 
чм att © et 


of rest and exercise global and regional left ventricular 
(LV) function in 154 resuscitated survivors of sudden | 


death with known or suspected coronary artery disease 
(CAD). We also evaluated the relation of these ven- 
triculographic findings to clinical, exercise and am- 
bulatory electrocardiographic data for subsequent 
mortality. 


Methods 


Patients: A city-wide emergency medical care system has 
operated in Seattle for over a decade; details of this system 
have been presented elsewhere.?:* Each year, about 90 patients 


are successfully resuscitated from out-of-hospital ventricular 


fibrillation (VF) and discharged home.‘ These survivors are 
invited to attend a research follow-up clinic (in addition to 
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year period between August 1975 and December 1979, we 
asked each clinic patient to have rest and (since late 1977) 
a ercise radionuclide ventriculography: 190 of 291 patients 
_ (65%) had radionuclide ventriculography within 1 year 
VF. 
` The initial research clinic visit was a few weeks after re- 
© suscitation, and radionuclide testing was performed shortly 
rib ereafter except in patients with new myocardial infarction, 
in whom testing was deferred for 4 months. Radionuclide 
ventriculography was performed an average of 128 + 74 days 
8 (+ standard deviation) after resuscitation. Medications were 
` as prescribed by the patient's private physician.^9 All patients 
o had a clinical history, physical examination, chest x-ray and 
.24-hour ambulatory electrocardiogram. Three patients were 
` excluded from the study because they had undergone cardiac 
1 surgery after their resuscitation and before radionuclide 
Ў _ testing could be performed. 
. Of the 190 patients studied, 154 (81%) had definite or sus- 
B éocted CAD. (Definite CAD is defined as prior myocardial 
. infarction, a history of typical exertional angina or 5096 or 
xd g reater diameter narrowing of 1 or more coronary arteries by 
arteriography. Suspected CAD is defined as abnormal elec- 
_ trocardiographic Q waves without a supporting history of 
(m yocardial infarction as well as appropriate fractional ele- 
t vations of lactate dehydrogenase isoenzyme activities after 
resuscitation.) These 154 patients constitute the study 
| "group. 
Thirty-one patients (20%) had sustained a transmural acute 
сага] infarction associated with VF (defined by new Q 
` waves during the hospitalization after resuscitation). There 
were 130 men and 24 women; mean age was 59 + 10 years. Опе 
hundred fifteen patients (75%) had known cardiovascular 
disease before VF: 61 (40%) had a history of myocardial in- 
E farction, 20 (13%) a history of congestive heart failure, 63 
(41%) systemic hypertension and 58 (38%) angina. At radio- 
E ventriculography, 57 patients (37%) were receiving 
B-blocking agents and 93 (60%) were receiving other antiar- 
. rhythmic agents. The average follow-up after the radionuclide 
DR ventriculogram was 37 + 20 months. The mortality status of 
all patients was known as of April 15, 1982, the end of the 
_ follow-up period, at which time 54 (35%) had died. Forty-eight 
_ deaths were cardiac in origin, and 42 of these were unexpected, 
` out-of-hospital events classified as sudden. Patients who were 
. successfully resuscitated from a separate recurrent episode 
“of VF were considered to have had sudden cardiac death at 
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tricular fibrillation with coronary artery disease. Values above 50% 
аге considered normal. The number of patients in each stratum аге 
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Radionuclide ventriculography: In the first 29 patients 
studied, radionuclide ventriculography was performed at rest 
by the first-transit approach with technetium-99m pertech- 
netate.’ Only the global LV ejection fraction (EF) was calcu- 
lated. Subsequently, LV radionuclide ventriculography at rest 
(34 patients) or at rest and during supine exercise (91 patients) 
was performed with blood pool imaging as described in our 
laboratory.? The initial exercise workload was 200 kg-m/min 
and increased serially in 200 kg-m/min increments every 4 
minutes until a symptom-limited test response was achieved. 
A normal exercise response of EF has been defined in our 
laboratory as an increase of more than 5%. 

Regional LV wall motion abnormalities at rest were assessed 
from both the anterior and left anterior oblique views. Two 
experienced observers graded each of 3 regions per view as 
normal, hypokinetic, akinetic or dyskinetic. During exercise, 
wall motion abnormalities of the last exercise image from the 
left anterior oblique view were compared with the rest image. 
New or exercise-induced wall motion abnormalities were de- 
fined as the development of any abnormality when none was 
present at rest or worsening during exercise of an abnormality 
present on the study performed at rest. 

Ambulatory electrocardiograms: All 154 patients had 
24-hour ambulatory electrocardiographic recordings at the 
initial clinic visit. These were analyzed by 1 of 2 experienced 
technicians, who visually scanned tapes using an Avionics 
Model 650 Electrocardioscanner. Recording of abnormalities 
every half hour were reported as described previously.5 
Complex ventricular ectopy was defined as the presence of 
bigeminy or trigeminy, couplets or triplets, ventricular 
tachycardia or multiform ectopy with a frequency of greater 
than 30 multiform ectopic depolarizations per half-hour in- 
terval. “Any” ventricular ectopy was the presence of any form 
of ventricular ectopy, including complex forms. This analysis 
of the ambulatory electrocardiographic data was based on 
earlier study of sudden death survivors in which the frequency 
of complex arrhythmia was the best predictor of mortality.5 

Statistical analysis: Average values are expressed as the 
mean x standard deviation. Student t tests and chi-square 
tests were used for most univariate analyses.? A p value >0.1 
was considered not significant (NS). Additionally, product- 
limit estimates and the generalized Kruskal-Wallis statistic 
were used to relate survival after the study to subsequent 
death.!? The test for a linear trend in a 1-way analysis of 
variance was used to relate the number of ambulatory elec- 
trocardiographic intervals to numbers of abnormal wall seg- 
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АКІМ DYS 


NORMAL 
FIGURE 2. Left ventricular wall motion abnormalities at rest. HYPO = 


hypokinesia; AKIN = akinesia; DYS = dyskinesia. Each patient 
is represented by the most severe dages of abnormality in any 
ко. | 
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| d lonis 9 Multivariate ем was faded on athe O ОИ 
` hazards survival model.!! Outcome data are described for all 
54 deaths; however, the statistical significance of the relations 
reported was comparable for either cardiac death (n = 48) or 
recurrent sudden coronary death syndrome/VF (n = 42), 
unless otherwise noted. Two approaches were used. First, all 
variables (clinical, radionuclide and arrhythmia) were pre- 
sented to a stepwise process. Then, clinical variables identified 
from univariate analysis or from earlier studies in VF survivors 
were entered into the model first.“ These clinical variables 
were acute myocardial infarction at the time of VF, history 
of myocardial infarction, history of congestive heart failure, 
gender and age. 

Earlier studies of VF survivors considered survival from the 
time of VF.?4 However, in this study, entry was based on the 
radionuclide study results and survival was calculated from 
that date. Because the time from VF to radionuclide study 
varied, and since the risk of death is greatest immediately after 
VF, the time between VF and radionuclide study was used as 
a variable. Also, the possibility of an interaction between the 
variables and the interval between VF and radionuclide study 
was examined. 

Based on univariate analysis, we created a weighted mea- 
sure of the change in EF during exercise to give most weight 
to changes relative to a resting EF near the mean EF of 4276 
and less weight as the rest EF increased or decreased from that 
value. The formula is: 


Weighted EF = ASTA. Mea 
[et EF — xil 
— *1 
4 
where AEF = exercise EF — rest EF. 
Results 


Left ventricular function at rest: The mean global 
LVEF at rest for all 154 patients was 40 + 16% (range 
7 to 80%). The distribution of EF values was relatively 
broad (Fig. 1). About one-third of the group had a nor- 

mal EF, greater than 50%; one-third showed moderate 
EF depression, with values between 31 and 50%; and 
one-third had severe depression of LVEF, values of 30% 
or less. 

Regional wall motion at rest was judged to be normal 
in 18% of patients. The most advanced abnormality was 
hypokinesia in 22%, akinesia in 45% or dyskinesia in 14% 
(Fig. 2). Figure 3 shows the location of regional LV wall 
motion abnormalities at rest. These were most common 
in the inferoapical and apical segments where 74% were 
abnormal. In the remaining regions (anteroseptal, 
posterolateral, anterior and anterolateral), a wall motion 
abnormality was present in 34% of segments (p <0.001 
inferoapical and apical vs all other regions). 

Exercise-induced changes in ejection fraction: 
The EF at rest in the 91 patients who underwent supine 
bicycle exercise ventriculography was 42 + 17% and 
decreased to 38 + 16% during the last stage of exercise. 
Only 3 patients (3%) had a “normal” exercise response, 
defined as an increase of at least 6%. However, 19 other 
patients (21%) showed a smaller increase in exercise EF, 
and 26 patients (29%) showed only a modest decrease 
of 0 to 4%. Forty-three patients (47%) had decreases 

with exercise of 5% or more. 

Exercise-induced wall motion abnormalities: The 
. development of new or worsening segmental wall motion 
| abnormalities during exercise was uncommon. 
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Кейс: thdubed wall motion » abnormalities occurred d. 
in 30% of the patients. is 8 

Ambulatory electrocardiographic monitori 1 T 
Fifty-four percent of all half-hour intervals showed 1 | 
or more forms of ventricular arrhythmias. The pro- 
portion of intervals with “any” ventricular arrhyt mia Б 
increased significantly and progressively with the se- 
verity of wall motion abnormalities. Patients with 
normal wall motion had 32% of the intervals with any 
arrhythmia, those with hypokinesia 4596, akinesia 629 6 
апа dyskinesia 66% (p <0.002). Complex arrhythmi: Pt P. 
were noted in 16% of all half-hour intervals and were _ £x 
more common in patients with any wall motion abnor- nie 
mality at rest (р <0.04), but were equally common in _ 
the subsets of patients with hypokinesia, akinesia or 3 
dyskinesia. 

There was a negative correlation between the EF at 2 
rest and the proportion of half-hour intervals with “any” ae 
or complex ventricular ectopy (r = —0.31 and —0.241, _ 
p <0.001 and <0.002). In contrast, the magnitude of ii t 
exercise-induced changes in EF did not relate to ' ‘апу? 
arrhythmia frequency and was only weakly related io 
complex ectopy (r = 0.143, p <0.09). Also, exercise- _ E 
induced wall motion abnormalities were unrelated to | 
arrhythmias. p 2 

Acute myocardial infarction at the time of ven tl 
tricular fibrillation: Thirty-one patients (20%) had | 
an acute transmural myocardial infarction temporally . 
related to the index cardiac arrest. Five of the 31 (1696) _ 
died during the follow-up (all of cardiac causes), co: RE 
pared with a 40% mortality rate (49 of 123 patients) i vi 
those without acute infarction at the time of VF (p. 
<0.02). Global EF at rest was 39.5 + 16.7% for patients 
without acute myocardial infarction and 43.2 + 14. 5% 
for those with infarction (NS). The magnitude of the - 
change in EF during exercise was —4.2 + 5.6% in па 
tients without acute infarction апа —3.1 + 7.3% in those 
with acute infarction (NS). On the other hand, patients 
with acute infarction had fewer ambulatory electro- _ 
cardiographic intervals with complex ventricular ar- | 
rhythmia (9 + 18% vs 18 + 30%, p <0.04). The frequency. E 
of “апу” arrhythmia was 44 + 35% of intervals in pen Е 
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INF- POST- ANT- 
LAT LAT 
FIGURE 3. Location of left ventricular wall motion abnormalities at rest 
ANT-LAT = anterolateral; ANT-SEP = anteroseptal; AP = apical; INF 
= inferior; INF-AP = inferoapical; NL = normal; POST-LAT = pos- 
terolateral. The most severe degree of wall motion abnormality 1 for ach 
patient in each segment is тн, ЕИ 
RE | оа Н arya ar е 
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FIGURE 4. Survival analysis by level of global left ven- - 
tricular ejection fraction (EF) at rest. Normal EF at rest 
was associated with a strikingly low mortality of 4% (2. 

of 45 ке 
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FIGURE 5. Survival analysis by most severe left ven- 
wall motion abnormality at rest. NRML = normal: 








FIGURE 6. Survival analysis " ie total number of left 


ventricular wall MIN with any abnormality (maximum - 
of 6 per patient). 
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tients with acute infarction and 57 + 41% in those 


without (p = 0.05). Hence, compared with patients 
without acute infarction, patients with acute infarction 
at the time of VF had less ectopy and a similar degree 
of LV dysfunction. 

Predictors of mortality: Fifty-four patients died: 
42 from recurrences of the sudden coronary death syn- 
drome, 6 from other cardiac causes and 6 from noncar- 
diac causes. 

Univariate predictors: Depression of LVEF at rest 
was the most significant univariate ventriculographic 
predictor of death. The mean EF in 100 patients alive 
by the end of follow-up was 46.1 + 14.7%, compared with 
29.7 + 13.6% in the 54 patients who died. The survival 
curves for 3 subsets of EF at rest are shown in 
Figure 4. Among those with a normal EF, only 2 died; 
those with a severely depressed EF had the worst sur- 
vival rate (p «0.0001). The proportion of patients with 
acute myocardial infarction at the time of VF was not 
significantly different in these 3 subsets (10 of 61 pa- 
tients with an EF <35%, 11 of 48 with an EF of 35 to 50% 
and 10 of 45 with an EF >50%). 

Akinesia or dyskinesia in the wall motion study at 
rest was also associated with death (p «0.0001) (Fig. 5). 
Although wall motion abnormalities were more frequent 
in the inferoapical and apical regions, their location per 
se was not associated with mortality. The number of 
abnormal segments was closely related to outcome. 
Patients with the greatest number of abnormal seg- 
ments had the highest likelihood of dying (p «0.0001) 
(Fig. 6). 

Age, sex, duration of exercise performed on the bi- 
cycle, reason for terminating bicycle exercise and the 
presence and extent of ST-segment depression were not 
significantly related to death. Mortality was not sig- 
nificantly different between patients who took 
B-blocking agents (28%, 16 of 57) and those who did not 
(39%, 38 of 97). Antiarrhythmic agents were similarly 
not predictive of mortality. Other historical charac- 
teristics recognized as predictors of mortality after re- 
suscitation were univariately associated with survival 
to death: history of congestive heart failure (p <0.001) 
and the absence of acute myocardial infarction at the 
time of VF (p <0.007). The frequency of “any” ven- 
tricular arrhythmia during ambulatory electrocardio- 
graphic monitoring was greater in patients who died (68 
+ 37% of half-hour intervals) than in those still alive (46 
+ 40%, p <0.001). Complex ventricular arrhythmia was 
similarly associated with death (26 + 36% of intervals 
vs 10 + 22%, respectively, p <0.006). 

In contrast to measures of LV function at rest, the 
change in EF with exercise (AEF) did not differ signif- 
icantly between survivors and nonsurvivors (—4.5 + 6.6 
vs —3.1 + 3.9%, NS). However, we hypothesized that 
patients with marked depression of EF at rest may not 
show further decreases and that exercise EF depression 
may be related to survival only in patients with rela- 
tively normal function at rest. When patients were 
stratified according to EF at rest, AEF did not differ 
between survivors and nonsurvivors for an EF at rest 
of less than 35%. However, when the EF at rest was 35 






TABLE! Univariate and Multivariate Significance of = 
Clinical Variables for Death: Significance — 
(Two-Sided Test) (n — 154) NES 





Stepwise 

Variable Univariate Inclusion #, p* _ 
Hx CHF 0.0001 0.0001 Xd BE 
Hx MI 0.001 0.0028 SMS 
ATMI 0.007 NS XC 
Sex 0.2 (NS) NS B 
Age 0.4 (NS) NS "c 
VF to EF 0.1 (NS) NS da Р, 
* Significance of the variable for inclusion into the model, only — ing 
variables with p <0.10 at the time of inclusion were retained. IX 


АТМ! = acute transmural myocardial infarction at the time of ven- —— 
tricular fibrillation; CHF — congestive heart failure; EF — ejection — . 
fraction; Hx = history; NS = not significant; VF to EF = number of — - 
сау between ventricular fibrillation and measurement of ejection 
raction. Eu 
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to 50%, the decrease in EF during exercise was —2.9 +3 
5.9% in survivors and —6.5 + 4.4% іп nonsurvivors. This — 
difference is significant (p «0.05 1-sided value). Only — 
1 exercised patient with an EF at rest greater than 50% — 
died (of noncardiac causes), so there was insufficient — 
information to assess exercise EF depression and sur- EC. 
vival in those with a normal EF at rest. ЕБ: 
The development of new, exercise-induced wall mo- — 
tion abnormalities was not predictive of mortality. Six — 
of 26 patients (23%) with exercise-induced wall motion — 
abnormalities died, whereas 24 of 65 (43%) without such — 
changes died (NS). E» 
Multivariate predictors: The analysis of the clinical i 
variables for prediction of survival is summarized in "S 
Table I. There was no significant interaction of these — 
clinical variables with the time interval between VF and _ 
radionuclide testing. In the stepwise regression (0.10 | 
inclusion level) for the clinical variables, a history of — 
congestive heart failure before VF and the history of 
myocardial infarction were selected in that order. —— 
The results for the stepwise regression (0.10 inclusion - 
level) involving all the variables (clinical, radionuclide ~ 
and arrhythmia) are summarized in Table П. The — 
variables selected were EF at rest, a history of congestive — 
heart failure, complex arrhythmia frequency and ab- 
sence of myocardial infarction at the time of VF. ТА 
The radionuclide variables of EF—most severe wall 
motion abnormality and number of abnormal wall _ 
segments—plus the 2 variables from the ambulatory - 3 
electrocardiograms were studied for the effect of adding — 
the variable to the clinical variables, and for an inter- 
action effect with the time interval between VF and 
radionuclide study. The results are presented in Table _ 
III and the variables are listed in order of significance. — 
There was an interaction between ventricular ectopy 
and the time factor (p = 0.06 level); that is, arrhythmia _ 
was more predictive of death where it was temporally _ 
more removed from VF. There were no other significant _ 
time interactions. The added effect of the arrhythmia 52 
variables was not significant, whereas the radionuclide - 
variables were. do 
Once EF is incorporated into the model with all of the 
clinical variables, none of the other radionuclide or any -.— 
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. TABLE Il Multivariate Stepwise Inclusion of Clinical, 
UN Arrhythmic and Radionuclide Variables for 


4* 


Er. Prediction of Death: Significance (Two-Sided 
Be Test) 
e Stepwise 
z Variable Univariate Inclusion * 
EF 0.0000 0.0000 
=~ #segs 0.0001 
- .. Wall mot 0.0001 
$ Hx CHF 0.001 0.021 
Hx MI 0.001 
Any arrh. 0.003 
Complex arrh. 0.006 0.037 
ATMI 0.007 0.09 
VF to EF 0.1 
Sex 0.2 
Age 0.4 


К —_ 
* Significance of the variable for inclusion into the model, only 
. variable with p «0.10 at the time of inclusion were retained. 

— . Arrh = arrhythmia; EF = ejection fraction; # segs = # of wall seg- 
_ ments with hypokinesia, akinesia or dyskinesia: Wall mot = most 
a ced degree of wall motion present; other abbreviations as in 
Table |. 


" of the arrhythmia variables added predictive informa- 
. tion for total mortality. However, EF did add prediction 
_ to the model containing the clinical, other radionuclide 
апа arrhythmia variables (p «0.001). When sudden 
. death rather than total mortality was used as the end- 
- point, the prevalence of any arrhythmia did add pre- 
_ dictive information of borderline significance to the 
model with EF and clinical variables incorporated (р = 
_ 0.08). The predictive value of EF was the same whether 
_ or not patients were receiving Ó-blocking or antiar- 
_ rhythmic agents. Finally, there was no significant effect 
_ of adding AFF to the model containing the clinical, time 
. and radionuclide variables. There was a borderline 
- significant (0.05) effect when the weighted EF was 
/ | аааеа. 


"A Discussion 


р . In this broadly based and relatively large sample of 
survivors of out-of-hospital VF resulting from CAD, 
most patients had either normal or only moderately 
depressed LV function at rest. The EF at rest was 50% 
or higher in about one-third and more than 30% in an- 
other third. Thus, there was considerable diversity in 
the magnitude of ventricular dysfunction. Although 
 epidemiologic and angiographic studies have consis- 
_tently identified reduced LV function as a principal 
_ predictor of cardiovascular mortality, the present study 
. demonstrates that out-of-hospital VF also occurs in 
_ patients with either normal or only moderately impaired 
Гу function. 1/218 
_ The spectrum of LV dysfunction at rest observed in 
this study was similar to that in an earlier catheteriza- 
tion series of VF survivors from Seattle.!4 In that study, 
half of the patients had an EF of more than 50% and the 
mean EF at rest was 48%. That series was a more se- 
lected group, and patients with congestive heart failure 
generally did not undergo catheterization. Our more 
broadly based sample showed a slightly lower mean EF, 
but nevertheless found a high prevalence of preserved 
LV function. Our results are also similar to the report 
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Ventricular Arrhythmia Variables for Prediction 
of Death: Significance (Two-Sided Test) 





Addition to 
Clinical 
No. of Cases Variable Variables * 
154 ЕР 0.0001 
125 # segs 0.001 
125 Wall mot 0.001 
154 Any arrhythmia 0.15 
154 Complex arrhythmia 0.1 


* Incremental significance for predicting death by adding a single 
radionuclide or arrhythmia variable to the 6 clinical variables shown 
in Table |; that is, given the baseline clinical variables, this analysis 
shows the significance of adding one of these laboratory measurements. 

EF = left ventricular ejection fraction; # segs = number of segments 
with hypokinesia, akinesia or dyskinesia; Wall Mot = most advanced 
grade of wall motion present. 


of 24 sudden death survivors of cardiac arrest studied 
at catheterization by Myerburg et al.!5 

Measures of the severity of LV function at rest, in- 
cluding the global EF and the severity and number of 
wall segments contracting abnormally, were significant 
univariate predictors of cardiac mortality. By multi- 
variate analysis, measures of LV function at rest were 
more significant predictors of mortality than other 
clinical features such as a history of congestive heart 
failure. Arrhythmia frequency by ambulatory moni- 
toring was only marginally significant as a predictor of 
mortality after conditioning on clinical factors and was, 
at best, of borderline significance after conditioning on 
ventricular dysfunction, principally because arrhyth- 
mias were closely associated with LV dysfunction at 
rest. Of particular note was the strikingly good outlook 
for survivors with a preserved EF. Only 2 of the 45 pa- 
tients (4.5%) with an EF greater than 50% died during 
the follow-up period. 

The ventricular functional response to exercise, 
measured here as the change in EF with exercise, was 
also heterogenous. These exercise EF responses repre- 
sent only modest exercise EF depression, and are similar 
to findings reported from this and other laboratories in 
patients undergoing coronary angiography because of 
angina.916 The mean decrease in exercise EF in VF 
survivors of 496 was identical to that seen in our earlier 
series of patients with stable angina.9 Overall, neither 
the magnitude of the exercise EF change nor the de- 
velopment of new wall motion abnormalities with ex- 
ercise were major predictors of death. The decrease in 
EF during exercise was predictive of cardiac death, but 
only for patients with EF values of 35 to 50%. This 
finding of apparent synergism between remote ven- 
tricular damage and possible superimposed ischemia 
(i.e., impaired EF response to exercise) is compatible 
with recent experimental studies suggesting an exag- 
gerated risk for VF in the setting of acute ischemia su- 
perimposed on prior myocardial infarction.1718 Drug 
therapy could have modified some of the exercise 
findings above. Beta-blocking agents generally do not 
change the EF when measured at rest, but may improve 
the exercise EF response in patients with ischemia.19 





Experimental studies have shown regional ventricular 
contractile dysfunction to be an early indicator of 
ischemia.”° In our VF survivors, one might have antic- 
ipated more striking changes in EF with exercise. The 
fact that this was not the case suggests that ischemia per 
se or exaggerated ischemia was not a common denomi- 
nator in patients with out-of-hospital VF. Furthermore, 
the lack of specificity of this test for estimating ischemia 
is a confounding feature. Other indirect measures of 
ischemia, including exercise-induced angina, a history 
of angina and exercise ST depression were also un- 
common and were not predictors of mortality. 

Califf et al?! showed that ambulatory ventricular 
arrhythmias did not add to the prediction of survival 
obtained from LV function in patients with stable an- 
gina. After acute myocardial infarction, identification 
of impaired LV function has predicted high subsequent 
mortality.22 Ventricular arrhythmias detected by am- 
bulatory monitoring have also reflected an excessive 
early mortality in this setting.?*-2° Hence, the prognostic 
findings of the present study in patients with the sudden 
coronary death syndrome are in concert with earlier 
studies of patients with CAD presenting with angina or 
acute myocardial infarction. This striking association 
of depressed LV function at rest with mortality (as well 
as arrhythmias on ambulatory monitoring) suggests 
ongoing, chronic processes in the infarcted or periin- 
farctional zones. Conversely, our patients had a low 
mortality when LV function was preserved, suggesting 
that the factors precipitating VF in such patients were 
not sustained. 

Limitations of the present study include the fact that 
we studied only about 40% of all VF survivors and could 
not control for possible effects of drug and/or surgical 
therapy. The principal conclusions of the study are: (1) 
Many patients who have out-of-hospital VF have nor- 
mal or relatively preserved LV function. (2) Death in 
long-term survivors was best predicted by measures of 
LV function at rest; the rest ventriculogram added 
significant predictive power to both historic features 
and the ambulatory electrocardiogram in a multivariate 
analysis. (3) Exercise-induced depression of EF was 
typical of the group as a whole but was comparable to 
the findings in patients with stable angina but no VF. 
Furthermore, the magnitude of EF depression with 
exercise was associated with mortality only in those with 
moderate ventricular dysfunction at rest. In general, 
these findings show that the substrates of ventricular 
function both at rest and during exercise in which VF 


occurs are diverse, consistent with ЖОШО precipi E 
tating factors in out-of-hospital VF. 
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| Coronary and Systemic Hemodynamic Effects of Nicardipine 


CHARLES R. LAMBERT, MD, PhD, JAMES A. HILL, MD, WILMER W. NICHOLS, PhD, 
ROBERT L. FELDMAN, MD, and CARL J. PEPINE, MD 


` Systemic and coronary hemodynamic effects of a 
пем dihydropyridine calcium antagonist, nicardipine, 


were studied in 15 patients. Nicardipine was ad- 
ministered as a 2-mg bolus intravenously followed 
by an infusion titrated to maintain a 10 to 20-mm Hg 
decrease in systolic pressure. Nicardipine increased 


_ both heart rate from 69 + 3 to 81 +3 beats/min and 


` cardiac output from 7.3 + 0.5 to 9.9 + 0.5 liters/min 
- (both p <0.001) as systemic vascular resistance 
. decreased from 1,183 + 70 to 733 + 33 dynes s 
ст? (p <0.001). Left ventricular end-diastolic 
Коше remained constant, at 14 + 1 vs 14 + 1 


тт Hg as stroke volume increased from 108 + 6 to 
` 123 + 6 ml/m? (p <0.001). Coronary blood flow 
_ increased from 102 + 9 to 147 + 13 ml/min, while 
` coronary resistance decreased from 1.17 a 0.1 to 


0.7 + 0.1 mm Hg/ml/min (both p <0.001). Heart 
rate-systolic blood pressure product did not change 
(104 + 5 vs 106 + 5 beats/min mm Hg X 1072, 
difference not significant) with drug administration. 
At the same heart rate before and during nicardipine 
administration (using atrial pacing in 6 patients), 
significant augmentation of coronary flow was still 
observed. Thirteen of 14 patients showed a greater 
percent decrease in coronary resistance than sys- 
temic vascular resistance. Nicardipine differs from 
other calcium antagonists with respect to consistent 
augmentation of coronary blood flow. This effect 
appears to be the result, in part, of increased po- 
tency in the coronary bed compared with the sys- 
temic vascular bed. 

(Am J Cardiol 1985;55:652-656) 





; Nicardipine is a new dihydropyridine calcium antago- 
` nist, similar in chemical structure to nifedipine, used 


e 


in patients with cerebrovascular insufficiency and hy- 


` pertension in Japan. Although noninvasive estimates 
` of cardiovascular function with acute intravenous bolus 


administration of nicardipine have been made,! defin- 
itive hemodynamic studies in man have not been re- 
ported. The present study investigates the systemic and 
coronary hemodynamic effects of intravenous nicardi- 


. pine in 15 men. 


М, 


Methods 


Fifteen patients were studied during clinically indicated 


~ elective cardiac catheterization to further evaluate exertional 


" 
| 
i 


а chest pain. All were men, mean age 56 years (range 48 to 70). 


` None had evidence of heart failure or other forms of heart 


_ disease. No patient had taken 6-adrenergic blocking drugs for 


at least 1 week before the study. No patient had taken nitrates 


or calcium antagonists for at least 24 and 48 hours before the 
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study, respectively. No patients were taking other cardiac 
active medications. 

Cardiac catheterization was performed with the patient in 
the fasting state without premedication through the right 
brachial artery and median cubital vein. In the left brachial 
artery, a small plastic catheter was inserted percutaneously 
for blood sampling. High-fidelity left ventricular and as- 
cending aortic pressures were measured with an 8Fr Millar 
multisensor catheter. Coronary blood flow was estimated by 
the continuous thermodilution technique as previously de- 
scribed? using a multithermistor catheter that also contained 
pacing electrodes. 

Nicarpidine was administered intravenously as a 2-mg bolus 
given over 1 minute, followed by an infusion that began at 50 
ug/min and was adjusted to maintain a 10 to 20 mm Hg de- 
crease in systolic pressure. Nicardipine was supplied by 
Syntex Research (Palo Alto, CA) as the hydrochloride salt and 
was mixed in glass containers of normal saline solution. The 
solution is stable at room temperature and under light. In- 
travenous tubing was flushed with the solution before infusion 
to minimize drug adsorption. Measurements were taken 
during a control period after all catheters were in place and 
both heart rate and blood pressure remained stable 4-596, and 
at the end of a 15-minute nicardipine infusion period. In pa- 
tients 2 through 8, coronary blood flow was also measured 
during the nadir of the aortic pressure change after bolus 
administration. 

Coronary and left ventricular angiography was done at the 
end of the study using standard techniques. Left ventricular 


уд н. EET a TE Аш улар NE TON 
МАРУ , "T э 8 Hh é "T 7 J as 1 A 





` TABLE І 





Coronary Arteries— 
% Diameter Reduction 


Мн МА Data for Study Group | 


Left Ventricle 











Pt. No. Right LM LAD LC Wall Motion Abnormality EF(%) 
1 0 0 0 40 0 70 
2 100 0 100 40 Ant, inf hypokinesia 52 af 
3 0 0 0 0 0 55 he 
4 90 0 65 80 0 58 oe 
5 50 0 95 40 0 60 AY 
6 80 0 70 70 Inf-bas hypokinesia 55 e. 
7 0 0 20 0 0 52 pA 
8 95 0 0 0 Inf hypokinesia 50 ES 
9 50 0 50 80 0 55 . 
10 90 0 0 0 Inf hypokinesia 43 К... "38 
11 0 0 20 0 0 55 "EL 
12 95 0 30 20 0 51 TATA 
13 0 0 10 0 0 58 К, 
14 0 0 100 0 Ant-apical akinesia 45 B 
15 30 0 100 0 0 58 ea 





Ant = anterior; bas = basal; EF = ejection fraction; inf = inferior; LAD = 


= left circumflex; LM = left main. 


ejection fraction was measured from the right anterior oblique 
view. Measurements and calculations included left ventricular 
and aortic pressures, heart rate, cardiac output (dye-dilution), 
stroke volume, systemic vascular resistance ([(mean aortic 
pressure — mean right atrial pressure)/cardiac output] Х 80), 
coronary flow, coronary resistance (mean aortic pressure/ 
coronary blood flow), and heart rate-systolic aortic pressure 
product. Values reported are mean + standard error of the 
mean. Statistical comparisons between the control and ni- 
cardipine infusion periods were made with the ¢ test for re- 
lated measures. 


Results 


Ten patients had important coronary artery disease 
(50% or greater diameter reduction of a major coronary 
artery) and 2 patients had minimally depressed ven- 
tricular function as assessed by an ejection fraction less 
than 50% (Table I). 

The infusion rate of nicardipine used in these studies 
was 97 + 2 «g/min (mean + standard error of the mean). 
Patient 4 had a 30-second episode of transient, self- 
limited chest pain during nicardipine infusion, which 
was not associated with ischemic electrocardiographic 
changes or hemodynamic dysfunction. No other adverse 
effects were noted during either nicardipine adminis- 
tration or any of the procedures described. 

Acute effects of nicardipine administration in the 7 
patients in whom coronary flow was measured contin- 
uously after the bolus injection are illustrated in Figure 
1. The nadir of the systolic aortic blood pressure de- 
crease occurred within 2 minutes and was associated 
with an increase in heart rate. Coronary flow increased 
from 100 + 12 to 162 + 25 ml/min (p <0.01) despite 
decreasing aortic pressure, indicating marked coronary 
vasodilation. 

Results for the control and nicardipine infusion pe- 
riods for all 15 patients are summarized in Figures 2 and 
3 and individual patient data and statistical compari- 
sons are listed in Table II. After drug administration, 
` heart rate increased while systolic, diastolic and mean 
| aortic pressures decreased. Cardiac output increased - 
ficantly and ауын Ging ушу resistance decreased. 
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Left ventricular end-diastolic pressure was unchanged ў be 
and stroke volume was significantly increased. Coronary 
blood flow increased and coronary resistance decreased _ 
significantly. Satisfactory coronary sinus temperature _ 
recordings could not be obtained, for technical We 
in patient 1. Heart rate-systolic pressure product was - 
unchanged with drug administration. NO 
Figure 4 illustrates the relation between the e 
change in coronary resistance and systemic resistance _ | 
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those at time 0 (p <0. 001). 
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FIGURE 1. Aortic pressure, heart rate and coronary flow data visita 
+ standard error of the mean [SEM]) for 7 patients from before (time _ 
0) to 3 and 15 minutes after nicardipine administration. The 2-mg bolus 
injection was given over 1 minute, followed by an infusion. The. coronary — 
flow responses at both 3 and 15 minutes were ast si different from _ 
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TRIS 
C N C N C N PH 
70 82 150 130 4.9 9.4 1.70 
47 56 140 120 6.2 8.4 1.17 
74 90 145 125 5.5 8.2 1.56 
80 90 140 118 6.8 8.8 1.23 
80 90 155 135 7.5 12.4 1.20 
58 12-0 "109... 269 7.4 12.2 1.23 
78 84 135 115 9.1 12.1 0.86 
78 90 150 135 8.5 10.8 0.92 
84 96 170 158 12.0 14.5 0.74 
62 74 160 140 7.2 8.1 1.21 
60 72 160 138 6.3 8.3 1.38 
60 78 150 120 8.0 10.3 1.05 
66 78 140 120 5.5 7.4 1.42 
78 84 170 150 6.5 7.8 1.27 
66 78 115 105 8.3 10.1 0.83 
69 81 150 131 7.3 9.9 1.18 
bot. 2S uae RA 5056. EOS 580.07 
m * * * * 
y. م‎ «o. 001. 
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-- — — — 10 10 105 107 
119 214 0.80 0.42 13 11 66 67 
111 172 1.00 0.57 13 14 107 113 

85 98 1.29 0.87 20 24 112 |) 405 
122 165 0.95 0.53 18 15 124 122 

80 109 1.50 1.01 12 12 99.112 
146 200 0.67 0.44 8 8 105 97 

59 98 1.78 1.02 14 12 112 ad r 
169 219 0.68 0.48 18 14 143 152 
117 200 0.98 0.47 14 12 99 104 

58 90 1.90 1.00 18 17 96 99 

(97.1174 1.44 0.78 12 17 90 94 
116 120 0.88 0.69 10 8 92 94 
116 168 0.95 0.57 20 18 133 126 

60 87 1.50 0.98 10 11 76 82 
102 147 1.17 0.70 14 14 104 106 
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= control; CBF = coronary blood flow (ml/min); СО = cardiac output (liters/min); CR = coronary resistance (mm Hg/ml/min); DP = product 
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ic vascular resistance (dynes s cm 8). 


` for individual patients as well as the mean value for all 
Pê itients. Points taken from other studies using nifedi- 
As pin ıe and verapamil for comparison are also included in 
F ‘igure 4. Thirteen of 14 patients showed a greater per- 
сє nt decrease in coronary than systemic vascular re- 
- sistance with nicardipine. The slope of the line from the 
ol rigin of the graph to the mean point indicates that on 
` the ' average, nicardipine produces a coronary resistance 
А cm nge 1.24 times the resistance change for the systemic 
lar bed. 
TA significant reflex increase in heart rate was noted 
о to Бе а consistent effect of nicardipine administration 
кав s the study progressed. In an attempt to assess сого- 
Ur АЗ, 
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in URE 2. Summary data (mean + standard error of the mean) for 15 
ents from the control period (open bars) and after 15 minutes of 
ni саг корге infusion (dotted bars) as described in the text. АоР = aortic 
рге ; HR = heart rate; LVEDP = left ventricular end-diastolic 
sure: ; NS = not significant; SVR = 


^ i T 
- y "e 4 1 
$4 r Жж с ы P, of РАР GR > Жы, дА at Ku ae 
=r № 1 x - Cus 2 ' 
му $ 4 am кр ma е, E $i A ro. MM (Sd 
adig SE RT ix A aiia 


art rate and systolic aortic pressure (beats/min mm Hg X 1072); EDP = 
керпе, NS = not significantly different at p «0.05; SAP = systolic aortic pressure (mm Hg); SEM = standard error of the mean; SVR = 
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ventricular end-diastolic pressure (mm Hg); HR = heart rate (beats/min); 


nary flow effects independent of heart rate, 6 patients 
underwent right atrial pacing at various rates before and 
during nicardipine administration. Table III is a sum- 
mary of results from these patients. The range of heart 
rates studied varied from 80 to 160 beats/min. In all 
cases nicardipine produced an increase in coronary flow 
when compared to flow measurements made at the same 
heart rate before drug administration. 


Discussion 


We found that intravenous nicardipine is a potent 
coronary and systemic vasodilator in man. This agent 
also produces an increase in stroke volume without 
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FIGURE 3. Summary data (mean + standard error of the mean) for 15 
patients during the control period and during a steady state with nicar- 
dipine infusion as described in the text. CBF = coronary blood flow; С! 


= cardiac index; СО = cardiac output; CR = coronary resistance; HR 
=X SAP = = product of heart rate and puse xg pue NS = not RU 
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TABLE Ill Effect of Nicardipine on Coronary Hemodynamics at the Same Heart Rate 








Coronary Blood Flow Coronary Resistance 
(ml/min) (mm Hg/ml/min) 
HR 
Pt. (beats/min) Control Nicardipine Control Nicardipine 
10 120 174 209 0.64 0.53 
11 110 68 94 1.79 1.10 
12 80 90 112 1.23 0.78 
13 100 139 171 0.79 0.59 
14 120 113 121 1.15 0.83 
15 160 100 106 0.90 0.77 
Mean 114 136 1.08 0.77 
X SEM = 15 +18 +0.17 +0.08 
p value <0.01 <0.02 


HR = heart rate; SEM = standard error of the mean. 


changing left ventricular end-diastolic pressure. A rel- 
atively greater decrease in coronary resistance than in 
systemic resistance was observed suggesting different 
sensitivities of these 2 vascular beds to nicardipine. This 
observation is supported by in vitro studies showing a 
lower [Ds for coronary arteries compared with systemic 
arteries (canine) for nicardipine but not nifedipine.? 

The increase in coronary flow observed in this study 
with nicardipine administration differs from results 
with other calcium antagonists. Nifedipine had no sig- 
nificant effect on coronary blood flow or coronary re- 
sistance in 22 patients studied by Stone et al.4 Specchia 
et al? studied 14 patients and found that half of them 
had neither anterior coronary resistance nor great car- 
diac vein flow response to nifedipine, whereas the other 
half had a significant increase in flow and decrease in 
resistance. These findings were interpreted as secondary 
to the relative severity of left anterior descending cor- 
onary artery disease in the 2 groups. Emanuelsson and 
Holmberg? studied 14 patients and found that nifedi- 
pine did not increase coronary blood flow; however, 
coronary resistance did decrease significantly. Simon- 
sen? studied 55 patients and found no significant effect 
of nifedipine on coronary flow; however, a decrease in 
coronary resistance was seen. 

Diltiazem was shown by Bertrand et al? to produce 
a transient increase in coronary flow when injected di- 
rectly into the coronary circulation; however, when 
given by intravenous infusion, no coronary flow aug- 
mentation was seen. Verapamil generally produces a 
decrease in coronary resistance without a significant 
increase in coronary ож, 919 although Ferlinz and 
Turbow!! reported an increase in coronary resistance 
with verapamil. 

Few data are available to allow comparison of the 
relative effects of calcium antagonists on resistance in 
the coronary and systemic vascular beds in man. Em- 
anuelsson and Holmberg suggested that nifedipine 
caused an 18.896 decrease in coronary resistance and an 
18.3% decrease in systemic resistance. These figures 
indicate relative equipotency for the coronary and 
systemic vascular beds and inscribe a point along the 
line of identity in Figure 4. These data are supported by 
in vitro studies as cited earlier.? Similar data by Chew 
et al!? suggest a 21% decrease in systemic resistance and 
23.6% decrease in coronary resistance for verapamil. 
However, with slow atrial pacing, Simonsen? suggested 






resistance and a 20% decrease in systemic resistance. In  . 
addition, as noted previously, an increase in coronary _ 
resistance has been reported with verapamil adminis-  - 
tration, making overall interpretation of coronary flow 
responses difficult. e 

Thus, nicardipine appears to be a unique calcium 
antagonist in its capacity for potent and somewhat more 
selective vasodilator responses in the coronary bed than  : 
in the systemic bed. The coronary response is probably _ 
in part a result of increased metabolic demand related _ 
to augmented sympathetic tone secondary to systemic _ 
vasodilatation. Additional studies are under way to — 
document the effects of nicardipine on myocardial - 
oxygen consumption and the determinants thereof in 
order to clarify the mechanisms for the observed in- — 
crease in coronary blood flow. | 

Nicardipine is stable for intravenous administration, _ 








and in patients with normal or minimally depressed _ 
ventricular function, we saw no evidence for myocardial - E 
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FIGURE 4. The relation between percent change in systemic vascular - 
resistance (SVR) and percent change in coronary resistance (CR) from 
control to nicardipine periods for 14 patients (mean + standard error  . 
of the mean). Broken line is line of identity; large filled circles represent 
individual patient data; small filled circle with bars represent mean data 
for all patients; open circle represents mean data for nifedipine from 
Emanuelsson and Holmberg;® open square represents mean data for 
verapamil from Chew et al;'? filled squares represent mean data for · 
verapamil with slow atrial pacing from Simonsen.? Nicardipine produced — 
a relatively greater change in coronary resistance than systemic resis- | 
tance in 13 of 14 patients. Nicardipine produced a mean percent change _ 
in coronary resistance 1.24 times that observed in systemic resistance. 
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| effect ht be e alleviated by con- 
tant therapy with a 8- adrenergic blocking drug or 
or calcium antagonist with negative chronotropic 
jn. However, with chronic administration of ni- 
e we saw no Wins ee in (Bent rate in patients 


























t ors while the systemic vasodilator effect persists. 
1€ ether coronary flow remains augmented with 
ronic therapy remains to be determined. In conclu- 
on we found that intravenous nicardipine is a potent 
corone y and systemic vasodilator without evidence for 
а pression of ventricular function. 
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he ah Therapeutic System 
-BRIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION, 
. SEE PACKAGE INSERT) 


| INDICATIONS AND USAGE 

.| This drug product has been conditionally approved by the 
FDA for the prevention and treatment of angina pectoris 
due to coronary artery disease. The conditional approval 
reflects a determination that the drug may be marketed 
while further investigation of its effectiveness is under- 
taken. A final evaluation of the effectiveness of the product 
will be announced by the FDA. 


CONTRAINDICATIONS | 
Intolerance of organic nitrate drugs, marked anemia, increased 
intraocular pressure or increased intracranial pressure. 


. WARNINGS 


In patients with acute myocardial infarction or congestive heart 
failure, Transderm-Nitro system should be used under careful 
clinical and/or hemodynamic monitoring. 

In terminating treatment of anginal patients, both the dosage 
and frequency of EM must be gradually reduced over a 
period of 4 to 6 weeks to prevent sudden withdrawal reactions, 
which are characteristic of all vasodilators in the nitroglycerin 


. class. 


Transdermal Кисе systems should be removed 
before attempting defibrillation or cardioversion because of the 
potential for altered electrical conductivity which may enhance 
the possibility of arcing, a phenomenon associated with the 
use of defibrillators. 

PRECAUTIONS 

Symptoms of hypotension, such as faintness, weakness or 
dizziness, particularly orthostatic hypotension may be due to 
overdosage. When these symptoms occur, the dosage should 


` be reduced or use of the product discontinued. 


.. Transderm-Nitro system is not intended for immediate relief 
of anginal attacks. For this purpose occasional use of the 


` Sublingual preparations may be necessary. 


ADVERSE REACTIONS 
Transient headaches are the most common side effect, espe- 
cially when higher doses of the drug are used. These head- 
aches should be treated with mild analgesics while Transderm- 


P^ Nitro therapy is continued. When such headaches are unre- 


` but may bes 


sponsive to treatment, the nitroglycerin dosage should be 
reduced or use of the product discontinued. 

Adverse reactions reported less у еы include hypoten- 
sion, increased heart rate, faintness, flushing, dizziness, 
nausea, vomiting, and dermatitis. These symptoms are attrib- 
utable to the known pharmacologic effects of nitroglycerin, 

p of overdosage. When they persist the 
dose should be reduced or use of the product discontinued. 
DOSAGE AND ADMINISTRATION 
ا‎ should be initiated with application of one Transderm- 
Nitro 5 system to the desired area of skin. Many patients prefer 
the chest; if hair is likely to interfere with system adhesion or 
removal, it can be clipped prior to placement of the system. 
Each system is designed to remain in place for 24 hours, and 
each successive application should be to a different skin area. 
Transderm-Nitro system should not be applied to the distal 
parts of the extremities. 

The usual dosage is one Transderm-Nitro 5 system every 24 
hours. Some patients, however, may require the Transderm- 
Nitro 10 system. If a single Transderm-Nitro 5 system fails to 
provide adequate clinical response, the patient should be in- 
Structed to remove it and apply either two Transderm-Nitro 5 
systems or one Transderm-Nitro 10 system. More systems may 
be added as indicated by continued careful monitoring of clini- 
cal response. The Transderm-Nitro 2.5 system is useful princi- 
pally for it kerak. the dosage gradually, though it may 
provide adequate therapy for some patients when used alone. 

The optimal dosage should be selected based upon the clini- 
cal response, side effects, and the effects of therapy upon 
blood pressure. The greatest attainable decrease in resting 
blood pressure that is not associated with clinical symptoms of 
hypotension especially during orthostasis indicates the optimal 
dosage. To decrease adverse reactions, the size and/or number 
of systems should be tailored to the individual patient's needs. 

Do not store above 86°F (30°C). 


— — PATIENT INSTRUCTIONS FOR APPLICATIONS 
_ A patient leaflet is supplied with the systems. 


5 mg/24 hr 25 mg 10 cm? 


HOW SUPPLIED 

Transderm- Total 

Nitro System Nitro- 

Rated Release glycerin System Carton 

in vivo in System Size Size 

25mg/24hr  12.5mg 5cm? 30 Systems 

(NDC 0083-2025-26) 

. 5mg/24 hr 25 mg 10 cm? 30 Systems 


(NDC 0083-2105-26) 
7 de pum 
(NDC 0083-2105-07) 

10 mg/24 hr 50 mg 20 cm? 30 Systems 
(NDC 0083-2110-26) 


15 mg/24 hr 75 mg 30 cm? 30 Systems 
(NDC 0083-21 15-26) 
Dist. by: 


CIBA Pharmaceutical Company 
Division of CIBA-GEIGY Corporation 
Summit, New Jersey 07901 
C84-7 (Rev. 2/84) 


All transdermal nitroglycerin products are 
being marketed ee final evaluation 
of effectiveness by the FDA. (See Brief 
Summary of Prescribing Information.) 


© 1984, CIBA 629-7878-А 
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$80.00 per column inch 
$5.00 additional for Box # 


Minimum one column inch (33®” x 1") 


DEADLINE: 


15th of second month preceding publication date. 


FREQUENCY: 


Monthly 


CONTACT: 


Margie Hisen 

YORKE MEDICAL GROUP 
875 Third Avenue, 

New York, NY 10022 
212-605-9623 
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` In-office ambulatory ECG 9 : 
that pays its own way. You've just — 
put your finger on it. = 





It's as simple as ABC. | 
Push button А to immediately possible frustration. Current — — 
verify proper electrode hook up. non-technical staff can easily and 2 
This simple check prevents the accurately operate the CircaMed d 
need for retest and eliminates system. ea 

a, Т0] 
Up to 30 hour monitoring, ч Ї 
automatically. x 
Next, push B to activate the pa- tors all normal and abnormal T 
tient monitor for up to 30 hours. cardiac activity, as well as sympto- 2 


With solid-state reliability, the unit matic data the patient requests. 
automatically analyzes and moni- 





Complete information for 
complete diagnosis. 


When the patient returns, simply ^ average hourly rate and pair/run 





3 connect the monitor and touch information. А 24-hour report 
button C for a complete statistical ^ typically takes less than 20 min- ei, 
report of all heart rate activity, utes. Press button D for annotated | 
normal and abnormal cardiac in- single- or two-channel ECG strips. 


formation, ST segment analysis, 


ie = 


And the system pays for itself. 
With only a few procedures a back is less than one year. Choose 
month, the complete system pay- either single- or two-channel 
ambulatory ECG with an option 
of adding pulmonary function 
testing. CircaMed is specifically ^ 
designed for use in the office, Ж 
clinic or small hospital. ^ 
Your practice and your patients 4 
deserve the quality you've come to _ 
expect from Circadian. Call for а 
short in-office demonstration, | 
toll-free, at (800) 538-1772 ! 
or (800) 441-0892 in California. ~ 8 













Name O I'd like an in-office demonstration l 
Г] Iam also interested in Circadian’s i | ADI AN 
automatic twelve-lead 3-channel у ; 
Address ecko dibS: pag очу s office. 3 
O 5. | 
City, State, Zi ] i | 
me E Circadian Incorporated | 
Phone С | 3960 North First Street i : 
: Y : фе, РД" "кун uou fr A FESSA em" 





IN ARKH Y TAMIA 


SO EIKO BB e 
E IMPULSIVE 
HEART 


NORMALIZES MANY SUPRAVENTRICULAR 
TACHYCARDIAS 


INDERAL* (propranolol НСІ) is a primary agent of control for a 
broad range of supraventricular arrhythmias. Predictable 
response and a long-established safety profile make INDERAL— 
the only beta blocker indicated for arrhythmia—a widely used 
agent in the treatment of supraventricular tachycardias. 


SUPPRESSES VENTRICULAR ARRHYTHMIA, 
POST-MI 


Now a major new INDERAL indication—to significantly improve 
survival in postinfarction patients* — consistent with its antiar- 
rhythmic efficacy. INDERAL reduced ventricular arrhythmia post- 
MI by 43% in the Beta-Blocker Heart Attack Trial (BHAT)' when 
compared to placebo at six weeks. Moreover, INDERAL often is 
the drug of choice for ventricular arrhythmias induced by 
digitalis or by excessive catecholamines. 


CONTROL —WITHOUT COMPROMISING 
PATIENT ACCEPTANCE 


INDERAL is very well suited for long-term arrhythmia 
management. And the wide therapeutic index of INDERAL 
permits appropriate individualized dosing. Patient 

selection is important.' But when the impulsive heart presents— 
arrhythmia alone or with coexisting hypertension or angina 
—only INDERAL offers the comprehensive control that can 

treat and protect. 


TABLETS 


TREATS AND 
PROTECTS 


*After the patient has survived the acute phase of myocardial infarction and is 
clinically stable. 

tPlease see next page for brief summary of prescribing information, including 
contraindications and side effects. 


Reference: 1. Lichstein E, Morganroth J, Harrist R, et al: Effect of propranolol on ventricular arrhythmia 
The Beta-Blocker Heart Attack Trial experience. Circulation 1983;67(suppl 1):5- 10 
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E BRIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR.) 
em 


ı INDERAL° (propranolol hydrochloride) Tablets 


f poer 
A am CLINICAL PHARMACOLOGY 
` The Beta-Blocker Heart Attack Trial (BHAT) was a National Heart, Lung and Blood Institute- 
sponsored multicenter, randomized, double-blind placebo-controlled trial conducted in 31 
U.S. centers (pius one in Canada) in 3,837 persons without history of severe congestive heart 
. failure or presence of recent heart failure; certain conduction defects; angina since infarction, 
who had survived the acute phase of myocardial infarction. Propranolol was administered at 
either 60 or 80 mg t.i.d. based on blood levels achieved during an initial trial of 40 mg t.i.d. 
Therapy with INDERAL, begun 5-21 days following infarction, was shown to reduce overall 
- mortality up to 39 months, the longest period of follow-up. This was primarily attributable to a 
- reduction in cardiovascular mortality. The protective effect of INDERAL was consistent 
- regardless of age, sex or site of infarction. Compared to placebo, total mortality was reduced 
— 39% at 12 months and 26% over an average follow-up period of 25 months. The Norwegian 
р Multicenter Trial in which propranolol was administered at 40 mg q.i.d. gave overall results 
-which support the findings in the BHAT. 
` A Although the clinical trials used either t.i.d. or q.i.d. dosing, clinical, pharmacologic and 
` pharmacokinetic data provide a reasonable basis for concluding that b.i.d. dosing with pro- 
- pranolol should be adequate in the treatment of post-infarction patients. 
^i ` CLINICAL: In the BHAT, patients on INDERAL were prescribed either 180 mg/day (82% of 
— patients) or 240 mg/day (18% of patients). Patients were instructed to take the medication 3 
Hd times a day at mealtimes. This dosing schedule would result in an overnight dosing interval of 
-..12to 14 hours which is similar to the dosing interval for a b.i.d. regimen. In addition, blood 
- Samples were drawn at various times and analyzed for propranolol. When the patients were 
Ж ا‎ into tertiles based on the blood levels observed and the mortality in the upper and 
. lower tertiles were compared, there was no evidence that blood levels affected mortality 
PHARMACOLOGIC: Studies in normal volunteers have shown that a 90 mg b.i.d. regimen 
_ maintains beta blockade at, or above, the minimum for 60 mg t.i.d. dosing for 24 hours even 
` though differences occurred at two time intervals. At 10-12 hours after the first dose of the day, 
s t.i.d. dosing gave more beta blockade than b.i.d. dosing; at 20-24 hours the trend of the rela- 
` tionship was reversed. These relationships were similar in direction to those observed for 
_ plasma propranolol levels (see Pharmacokinetic). 
e PHARMACOKINETIC: A bioavailability study in normal volunteers showed that the blood 
_ levels produced by 180 mg/day given b.i.d. are below those provided by the same daily dos- 
. age given t.i.d. at 10-12 hours after the first dose of the day but above those of a t.i.d. regimen 
` at 20-24 hours. However, the blood levels produced by b.i.d. dosing were always equivalent 
‚ to or above the minimum for t.i.d. dosing throughout the 24 hours. In addition, the mean AUC 


a on the fourth day for the b.i.d. regimen was about 1796 greater than for the t.i.d. regimen (1,194 


` Vs. 1,024 ng/ml hr). 

o CONTRAINDICATIONS 

-—— INDERAL is contraindicated in 1) cardiogenic shock, 2) sinus bradycardia and greater than 

` first degree block, 3) bronchial asthma, 4) congestive heart failure (see WARNINGS) unless 

_ the failure is secondary to a tachyarrhythmia treatable with INDERAL. 

or WARNINGS 

| CARDIAC FAILURE: Sympathetic stimulation may be a vital component supporting circula- 

— tory function in patients with congestive heart failure, and its inhibition by beta blockade may 

` precipitate more severe failure. Although beta blockers should be avoided in overt conges- 

_ tive heart failure, if necessary they can be used with close follow-up in patients with a history 

` of failure who are well compensated and are receiving digitalis and diuretics. Beta- 

. adrenergic blocking agents do not abolish the inotropic action of digitalis on heart muscle. 
___ IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of beta blockers 

Ё n, in some cases, lead to cardiac failure. Therefore, at the first sign or symptom of heart 

. failure, {һе patient should be digitalized and/or treated with diuretics, and the response 

- observed closely or INDERAL should be discontinued (gradually if possible). 








| | IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
2 ига and, in some cases, myocardial infarction, gere abrupt discontinuance of 
. INDERAL therapy Therefore, when discontinuance of INDERAL is planned the dosage 
.| should be gradually reduced over at least a few weeks and the patient should be cau- 
| tioned against interruption or cessation of therapy without the physician's advice. If 
| INDERAL therapy is interrupted and exacerbation of angina occurs, it usually is advis- 
| able to reinstitute INDERAL therapy and take other measures appropriate for the man- 
| agement of unstable angina pectoris. Since coronary artery disease may be 
. unrecognized, it may be prudent to follow the above advice in patients considered at risk 
Vg occult atherosclerotic heart disease who are given propranolol for other 
_ indications. 









: _ Nonallergic Bronchospasm (e.g., chronic bronchitis, emphysema)— PATIENTS WITH 
- BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA BLOCKERS 
c | 

ps ! 

or 
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INDERAL (propranolol hydrochloride) should be administered with caution since it may block 
bronchodilation produced by endogenous and exogenous catecholamine stimulation of beta 
receptors. 

MAJOR SURGERY: The necessity or desirability of withdrawal of beta-blocking therapy 
prior to major surgery is controversial. It should be noted, however, that the impaired ability of 
the heart to respond to reflex adrenergic stimuli may augment the risks of general anesthesia 
and surgical procedures. 

INDERAL, like other beta blockers, is a competitive inhibitor of beta-receptor agonists and 
its effects can be reversed by administration of such agents, e.g., dobutamine or isopro- 
terenol. However, such patients may be subject to protracted severe hypotension. Difficulty in 
starting and maintaining the heartbeat has also been reported with beta blockers. 

DIABETES AND HYPOGLYCEMIA: Beta-adrenergic blockade may prevent the appear- 
ance of certain premonitory signs and symptoms (pulse rate and pressure changes) of acute 
hypoglycemia in labile insulin-dependent diabetes. In these patients, it may be more difficult 
to adjust the dosage of insulin. 

THYROTOXICOSIS: Beta blockade may mask certain clinical signs of hyperthyroidism. There- 
fore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms of 
hyperthyroidism, including thyroid storm. Propranolol does not distort thyroid function tests. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been 
reported in which, after propranolol, the tachycardia was replaced by a severe bradycardia 
requiring a demand pacemaker. In one case this resulted after an initial dose of 5 mg 


propranolol. 

PRECAUTIONS 
General: Propranolol should be used with caution in patients with impaired hepatic or renal 
function. INDERAL is not indicated for the treatment of hypertensive emergencies. 

Beta-adrenoreceptor blockade can cause reduction of intraocular pressure. Patients 
should be told that INDERAL may interfere with the glaucoma screening test. Withdrawal may 
lead to a return of increased intraocular pressure. 

Clinical Laboratory Tests: Elevated blood urea levels in patients with severe heart disease, 
elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase. 

DRUG INTERACTIONS: Patients receiving catecholamine-depleting drugs such as reser- 
pine should be closely observed if INDERAL is administered. The added catecholamine- 
blocking action may produce an excessive reduction of resting sympathetic nervous activity 
which may result in hypotension, marked bradycardia, vertigo, syncopal attacks, or ortho- 
static hypotension. 

Carcinogenesis, Mutagenesis. Impairment of Fertility: Long-term studies in animals have 
been conducted to evaluate toxic effects and carcinogenic potential. In 18-month studies in 
both rats and mice, employing doses up to 150 mg/kg/day, there was no evidence of signifi- 
cant drug-induced toxicity There were no drug-related tumorigenic effects at any of the dos- 
age levels. Reproductive studies in animals did not show any impairment of fertility that was 
attributable to the drug. 

Pregnancy: Pregnancy Category C. INDERAL has been shown to be embryotoxic in animal 
studies at doses about 10 times greater than the maximum recommended human dose. 

There are no adequate and well-controlled studies in pregnant women. INDERAL should 
be used during pregnancy only if the potential benefit justifies the potential risk to the fetus. 

Nursing Mothers: INDERAL is excreted in human milk. Caution should be exercised when 
INDERAL is administered to a nursing woman. 

Pediatric Use: Safety and effectiveness in children have not been established 

ADVERSE REACTIONS 
Most adverse effects have been mild and transient and have rarely required the withdrawal of 
therapy 

Cardiovascular: bradycardia; congestive heart failure; intensification of AV block; hypoten- 
sion; paresthesia of hands; thrombocytopenic purpura; arterial insufficiency usually of the 
jg Aie type. 

entral Nervous System: Lightneadedness; mental depression manifested by insomnia, 
lassitude, weakness, fatigue; reversible mental depression progressing to catatonia; visual 
disturbances; hallucinations; an acute reversible syndrome characterized by disorientation 
for time and place, short-term memory loss, emotional lability, slightly clouded sensorium, 
and decreased performance on neuropsychometrics. 

Gastrointestinal: nausea, vomiting, epigastric distress, abdominal cramping, diarrhea, 
constipation, mesenteric arterial thrombosis, ischemic colitis. 

Allergic: pharyngitis and agranulocytosis, erythematous rash, fever combined with aching 
and sore throat, laryngospasm and respiratory distress. 

Respiratory: bronchospasm. 

Hematologic: agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic 
purpura. 

Ашо-Іттипе: In extremely rare instances, systemic lupus erythematosus has been 
reported. 

Miscellaneous: alopecia, LE-like reactions, psoriasiform rashes, dry eyes, male impo- 
tence, and Peyronie's disease have been reported rarely Oculomucocutaneous reactions 
involving the skin, serous membranes and conjunctivae reported for a beta blocker (practo- 
lol) have not been associated with propranolol. 

*The appearance of INDERAL tablets is a registered trademark of Ayerst Laboratories. 


AYERST LABORATORIES 
New York, N.Y. 10017 
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Announcing the middle mode. — 4 


The New AFP"DDI Pacemaker. 


Sometimes the perfect solution for 
. a pacing problem requires more 
_ capabilities than a VVI, and less 
than a DDD. Until now the only 
alternatives brought with them the 
potential for pacer induced compli- 
cations and arrhythmias. 


Now there's a new “middle mode" 
offering dual chamber pacing 

` benefits with single chamber 

` simplicity and cost. It’s the exclusive 
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Our DDI is two pacemakers іп 
one — an AAI for the atrium, and 

a VVI for the ventricle. DDI offers 
improved hemodynamics through 
maintenance of A-V synchrony, yet 
it eliminates competitive atrial 
pacing and pacemaker mediated 
tachycardia. 


At a size and cost comparable to 

much less capable VVI/ AAI pacers, 
the 273 DDI is the indicated mode 
for patients presenting brady/tachy 


syndrome, intermittent or Mesa 
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For a first-hand look at the new = 
“middle mode" AFP 273 DDI . 
pacer, and an annotated ECG — 
strip, contact your local Pacesett 
representative or call toll-free: — 
(800) 423-5611. In California E. 
(818) 362-6822. id - Г 
CD} . P 
17) Pacesetter 

We design for life." 


Pacesetter? Systems, Inc. 
12884 Bradley Avene: 





Clinical Clues to MIXED ANGINA 


He wasn't exercising; his PROCARDIA® (nifedipine) 
myocardial oxygen demand is a primary therapy for the 
didn't increase. Yet now he's patient with MIXED ANGINA. 
having an angina attack. It prevents vasoconstriction 


in both large coronary arter- 
ies and coronary arterioles 
to maintain myocardial 
blood flow and oxygen 
supply At the same time, 
PROCARDIA dilates periph- 


And because vasocon- eral arteries to reduce 
striction is an unpredictable afterload and D dau 
event, ischemia and pain occur Oxygen demand. 





unpredictably: As a result, PROCARDIA 
at rest, or even during sleep can significantly reduce 
at varying levels of exercise your patient s angina 
upon exposure to cold attack rate and need for 
under emotional stréss nitroglycerin: | 
diurnally typically in A 
the morning | 
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Please see PROCARDIA' (nifedipine) brief summary on next page. 
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Reference: 

1. Stone PH, Muller JE, Turi ZG, et al: Efficacy of 
nifedipine therapy in patients with refractory 
angina pectoris: Significance of the presence of 
олау vasospasm. Am Heart J 106:644-652, 


Brief Summary 
PROCARDIA® (nifedipine) Capsules For Oral Use 


INDICATIONS AND USAGE: 1. Vasospastic Angina: PROCARDIA (nifedipine) is indicated for the management of va- 
sospastic angina confirmed by any of the following criteria: 1) classical pattern of Mi at rest accompanied by ST seg- 
ment elevation, 2) angina or coronary artery spasm provoked by ergonovine, or 3) angiographically demonstrated 
coronary artery spasm. In those patients who have had angiography, the presence of significant fixed obstructive disease 
is not incompatible with the diagnosis of vasospastic angina, provided that the above criteria are satisfied. PROCARDIA 
may also be used where the clinical presentation suggests a possible vasospastic component but where vasospasm has 
not been confirmed, e.g., where pain has a variable threshold on exertion or in unstable angina where electrocardio- 
graphic findings are compatible with intermittent vasospasm, or when angina is refractory to nitrates and/or adequate 
doses of beta blockers. 

Il. Chronic Stable Angina (Classical Effort-Associated Angina): PROCARDIA is indicated for the management о! 
chronic stable angina (effort-associated angina) without evidence of vasospasm in patients who remain symptomatic de- 
spite adequate doses of bela blockers and/or organic nitrates or who cannot tolerate those agents. 

In chronic stable angina (effort-associated angina) PROCARDIA has been effective in controlled trials of up to eight 
weeks duration in reducing angina frequency and increasing exercise tolerance, but confirmation of sustained elfective- 
ness and evaluation of long-term safety in these patients are incomplete. 

Controlled studies in small numbers of patients suggest concomitant use of PROCARDIA and beta-blocking agents 

may be beneficial in patients with chronic stable angina, but available information is not sufficient to predict with confi- 
dence the effects of concurrent treatment, especially in patients with compromised left ventricular function or cardiac 
conduction abnormalities. When la such concomitant therapy, care must be taken to monitor blood pressure 
closely since severe hypotension can occur from the combined effects of the drugs. (See WARNINGS. ) 
CONTRAINDICATIONS: Known hypersensitivity reaction to PROCARDIA. 
WARNINGS: Excessive Hypotension: Although in most patients, the hypotensive effect of PROCARDIA is modest and 
well tolerated, occasional patients have had excessive and poorly tolerated hypotension. These responses have usually 
occurred during initial titration or at the time of subsequent upward dosage adjustment, and may be more likely in pa- 
tients on concomitant beta blockers. 

Severe hypotension and/or increased fluid volume requirements have been reported in patients receiving PROCARDIA 
together with a beta blocking agent who underwent coronary artery bypass surgery Ау dose fentanyl anesthesia. 
The interaction with high dose fentany! appears to be due to the combination of PROCARDIA and a beta blocker, but the 
possibility that it may occur with PROCARDIA alone, with low doses of fentanyl, in other surgical procedures, or with 
other narcotic analgesics cannot be ruled out. In PROCARDIA treated patients where surgery using high dose fentanyl 
anesthesia is contemplated, the physician should be aware of these potential problems and, if the patient's condition 
permits, sufficient time (at least 36 hours) should be allowed for PROCARDIA to be washed out of the body prior to 
surgery. 

Increased Angina: Occasional patients have developed well-documented increased frequency, duration or severity of 
angina on starting PROCARDIA or at the time of dosage increases. The mechanism of this response is not established but 
could result from decreased coronary perfusion associated with decreased diastolic pressure with increased heart rate, 
or from increased demand resulting from increased heart rate alone. 
Beta Blocker Withdrawal: Patients recently withdrawn from beta blockers may develop a withdrawal syndrome with in- 
creased angina, probably related to increased sensitivity to catecholamines. Initiation of PROCARDIA treatment will not 
revent this occurrence and might be expected to exacerbate it by provoking reflex catecholamine release. There have 
been occasional reports of increased angina in a setting of beta blocker withdrawal and PROCARDIA initiation. It is im- 
portant to taper beta blockers if possible, rather than stopping them abruptly before beginning PROCARDIA 
Congestive Heart Failure: Rarely, patients, usually receiving a beta blocker, have developed heart failure after begin- 
ning PROCARDIA. Patients with tight aortic stenosis may be at greater risk for such an event. 
PRECAUTIONS: General: Hypotension: Because PROCARDIA decreases peripheral vascular resistance, careful mon- 
itoring of blood pressure during the initial administration and titration of PROCARDIA is sonore. Close observation is 
M dw e ke for patients already taking medications that are known to lower blood pressure. (See 

Peripheral edema: Mild to moderate peripheral edema, typically associated with arterial vasodilation and not due to 

left ventricular dysfunction, occurs in about one in ten patients treated with PROCARDIA. This edema occurs primarily in 
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patients have had excessive hypotension), careful monitoring of blood 
pressure during initial administration and upward dosage titration is 
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lightheadedness, peripheral edema, nausea, weakness, headache and 
flushing, each occurring in about 10% of patients, transient hypotension in 
about 5%, palpitation in about 296 and syncope in about 0.595. 


the lower extremities and usually responds to diuretic therapy. With patients whose angina is complicated by congestive 
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Coumarin anticoagulants: There have been rare reports of increased prothrombin time in patients taking coumarin an- 
ticoagulants to whom PROCARDIA was administered. 
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Carcinogenesis, mutagenesis, impairment of fertility: Nifedipine was administered orally to rats for two years 
and was not shown to be carcinogenic. When given to rats prior to mating, nifedipine caused reduced fertility at a dose 
approximately 30 times the maximum recommended human dose. /n vivo mutagenicity studies were negative. 

Pregnancy: Pregnancy Category C. Ni'edipine has been shown to be teratogenic in rats and embryotoxic in rats, mice 

and rabbits. There are no adequate and well controlled studies in pregnant women. PROCARDIA should be used during 
pregnancy only if the potential benefit justifies the potential risk to the fetus. 
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infarction occurred in about 4% of patients and congestive heart failure or pulmonary edema in about 2%. Ventricular ar- 
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Initial Coronary Air Embolus in the Differential 
Diagnosis of Coronary Artery Spasm 


FREDERICK A. HEUPLER, Jr., MD, CARLOS M. FERRARIO, MD, DAVID B. AVERILL, PhD, 
and CORINNE BOTT-SILVERMAN, MD 





Angiographic and electrocardiographic manifesta- 
tions of initial coronary air embolism were seen in 
4 patients and in a dog. All 4 patients had angina 
pectoris, 2 had ST elevation, 1 patient had ST de- 
pression and 1 had no electrocardiographic change 
after the air embolus. Although the initial diagnosis 
in these 4 patients was coronary artery spasm, a 
subsequent ergonovine test response for coronary 
artery spasm was negative in the 3 patients in whom 
it was performed. In a dog, initial injection of air in 
a coronary artery produced ST-segment elevation 
and delayed clearance of contrast material. The 
angiographic appearance of initial air embolus was 


similar in the 4 patients and in the dog. The leading © 
edge of contrast material that followed an air em- — 
bolus stopped abruptly, appeared hazy and blunt, - 
and pulsated back and forth. The air embolus pro- — 


duced temporary cessation of flow in the main artery 
and its branches. Initial injection of air during coro- 
nary arteriography mimics coronary artery spasm 
by producing a syndrome characterized by angina, 
ischemic changes on the electrocardiogram, and 
delayed flow of contrast material. An initial air em- 


bolus may be differentiated from true coronary - 


spasm by several distinctive angiographic features. 
(Am J Cardiol 1985;55:657-661) 





Coronary artery spasm usually produces a typical 
clinical syndrome!” and characteristic angiographic 
findings.?-? Recently, several patients were referred 
because of arteriograms that were interpreted initially 
as coronary artery spasm. However, the angiographic 
features of these cases were more consistent with initial 
coronary air embolus. Since the appearance of initial air 
embolus during coronary arteriography has not been 
described in detail previously, we reviewed the data on 
our patients and documented the angiographic features 
in an animal model. 


Methods 


Patients: The clinical and angiographic features of the 4 
patients are summarized in Table I and Figures 1 to 4. In all 
patients, the flow of contrast material stopped during the first 
injection after insertion of the catheter. Angina persisted for 
5 to 30 minutes. In 3 cases, coronary air embolus occurred 
during catheterization at another hospital, and an ergonovine 
test was later performed at our hospital. 

Animal model: A 20-kg mongrel dog was premedicated 


with morphine sulfate (2 mg/kg intramuscularly) and sodium 
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pentobarbital (15 mg/kg intravenously). А right atrial pace- 
maker was set on demand mode at 60 beats/min. A 12-lead 
electrocardiogram was recorded at 1-minute intervals with 
radiolucent electrodes. A Sones type II catheter was advanced 


into the left coronary artery through the right femoral artery. _ 


Damping of arterial pressure at the catheter tip was avoided. 


A Philips Cardio-Diagnost? system was used to record coro- | 


nary injections at 30 frames/s on 35-mm Kodak XX negative 
film. 
Selective left coronary arteriograms were obtained in the 


right anterior oblique caudal projection with З ml 76% me- — - 


glumine diatrizoate. Five minutes after a control injection, 0.5 
cc air followed by 3 ml contrast material was injected into the 
ostium of the circumflex artery. А coronary arteriogram was 
repeated 5 minutes later. Ten minutes after the first air in- 
jection, 1 cc of air followed by 3 ml of contrast material was 


injected into the ostium of the left anterior descending coro- - 


nary artery (LAD). Coronary arteriography was repeated 5 
minutes later. 


Results 


During control arteriography, contrast material filled — 
the left coronary artery rapidly (Fig. 5A) and produced - 


T-wave abnormalities, which normalized within 2 


minutes (Fig. 6A). After injection of 0.5 cc of air into the ' 


circumflex artery, the leading edge of contrast material 


in this artery stopped suddenly (Fig. 5B), appeared hazy — 


and pulsated back and forth. ST elevation occurred 


in lead III and T-wave inversion in leads У; to Ve (Fig. 
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TABLE! Clinical and Angiographic Features of Initial Coronary Air Embolus 








Patient 1 Patient 2 Patient 3 Patient 4 
Age (yr) & sex 39F 41F 57M 44F 
Angina Atypical Atypical Typical Atypical 
Coronary anatomy Normal Normal 3-vessel disease Normal 
Site of arrest of LAD; LC branches LAD (Fig. 2) LAD; diagonal RCA; artery 
coronary flow (Fig. 1) (Fig. 3) to SA node 
Fig. 4 
Symptoms & signs Angina; Hypotension Angina Angina Aa 
during embolus 
ST change during Î (lead II) t (precordium) | (lead II) 0 
embolus 
Ergonovine test Negative Negative Not done Negative 


LAD = left anterior descending artery; LC = left circumflex coronary artery; ВСА = right coronary artery; 


SA = sinoatrial; Î = elevation; | = depression. 


6B). The electrocardiogram normalized 9 minutes later 
(Fig. 6C). 

After injection of 1 cc of air into the LAD, the flow of 
contrast material stopped abruptly in the proximal LAD 
and diagonal branch (Fig. 5C). ST elevation occurred 
in the precordial leads (Fig. 6D). During repeat arteri- 
ography 5 minutes later, the flow of contrast material 
stopped farther down in the LAD and diagonal branch 
(Fig. 5D). Ventricular fibrillation ensued 9 minutes after 
injection of 1 cc of air. 





Discussion 


This study shows that an initial injection of air fol- 
lowed by contrast material into a coronary artery may 
produce transient, severe myocardial ischemia. This 
type of air embolus occurs because of failure to flush the 
catheter before insertion; therefore, a column of air 
equal to the luminal volume of the catheter is injected 
(i.e., approximately 1.1 cc for the Sones 8Fr, 80-cm, type 
I catheter and 1.7 cc for the Judkins 100-cm size 4 left 


FIGURE 1. Arteriograms of left coro- 
nary artery in right anterior oblique 
projection. A, after 3 cardiac cycles, 
the flow of contrast material stopped in 
the left anterior descending artery 
(short arrow) and circumflex artery 
(long arrows). B, 30 minutes later, after 
angina subsided, the left coronary ar- 
tery was normal. 


FIGURE 2. Arteriograms of left coro- 
nary artery in right anterior oblique 
projection. A, after 2 cardiac cycles, 
the contrast material stopped abruptly 
in the left anterior descending artery 
(white arrow) but filled the circumflex 
artery (black arrow). B, 5 minutes later, 
after angina subsided, the left coronary 
artery was normal. 


coronary catheter). A coronary air embolus of this size 
may produce angina, ST elevation or depression, ar- 
rhythmias or hypotension. These events may lead to an 
incorrect diagnosis of coronary artery spasm. 

Initial coronary air embolus versus coronary 
artery spasm: Coronary artery spasm may be differ- 
entiated from initial air embolus by the characteristic 
timing and angiographic appearance of each (Table II). 
Initial coronary air embolus produces angina after only 


FIGURE 3. Angiograms of saphenous vein graft to left 
anterior descending artery in left anterior oblique pro- 
jection. A, the first injection revealed delayed flow in the 
saphenous vein graft after 2 cardiac cycles. B, after 6 
cycles, flow stopped in the proximal left anterior de- 
scending artery (black arrow) and in the diagonal branch 
(white arrow), and the patient complained of angina. C, 
10 minutes later, the saphenous vein graft and D, the 
anterior descending artery filled normally. 


FIGURE 4. Arteriogram of normal “balanced” right cor- 
onary artery in left anterior oblique projection. B, arteri- 
ogram of right coronary artery in right anterior oblique 
projection. Air bubbles were visualized at the leading 
edge of contrast material as the flow stopped abruptly in 
the main RCA (straight arrow) and in the artery to the 
sinoatrial node (curved arrow). 


the first coronary injection that follows insertion of the 
catheter, because the catheter is filled with air during 
the first injection and with contrast material during 
subsequent injections. Coronary artery spasm may 
occur any time during the catheterization procedure. 
The leading edge of contrast medium after initial air 
injection had a similar pattern in all 4 patients and in 
the dog. It was blunt or hazy and did not have the usual 
tapered appearance of coronary artery spasm.*° The 
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TABLE 1 Initial Coronary Air Embolus Versus Coronary Spasm 





Features 


Initial Air Embolus 


Coronary Spasm 





Onset of ischemic event 
insertion 
Flow of contrast material 


Leading edge of contrast 
material 

Repeat injections of contrast 
material 


Ergonovine test Negative 


contrast material stopped abruptly and pulsated back 
and forth. In coronary artery spasm, contrast material 
does not pulsate back and forth proximal to the site of 
spasm. The flow of contrast material after an initial air 
` embolus stopped in both the main artery and its 
branches at a point almost equidistant from the ostium 
of the artery (Fig. 1A, 3B, 4B and 5C). This character- 
istic symmetric obstruction to flow with arterial air 
embolism has been demonstrated in other experimental 
studies. When an arteriogram was repeated several 
minutes after an air embolus, the flow of contrast ma- 
terial stopped more distally (Fig. 5D). This phenomenon 
suggests that coronary flow is impeded due to arrest of 
the air embolus at the arterioles or capillaries, and that 
the embolus gradually passes through the microcircu- 
lation or is absorbed over several minutes. Arteriograms 
of coronary artery spasm do not usually demonstrate 
symmetric obstruction to flow, prolonged persistence 





First injection after catheter 


Symmetric obstruction of mul- 
tiple branches in one artery; 
contrast material persists 
> 10 seconds 

Hazy; blunt; pulsates back and 
forth; + air bubbles 

Flow stops more distally with 
subsequent injections 


Variable 


Asymmetric obstruction; contrast 
material ‘runs off" proximal to 
the obstruction 


Taperec; well-defined; no 
pulsation; no air bubbles 
Flow stops at same site with 
subsequent injections 
Positive 


of contrast material in the artery, or distal advancement 
of the site of obstruction with repeat injections. 

The duration of angina after air embolus ranged from 
5 to 30 minutes, and the electrocardiographic changes 
were variable. Because a complete electrocardiogram 
was not performed during pain in each patient, we 
cannot describe the usual electrocardiographic changes 
produced by large air emboli. In the dog, an air embolus 
(0.5 cc) in the circumflex artery produced ST elevation, 
which subsided in 9 minutes. Stegmann et al injected 
intracoronary air (0.02 cc/kg) in dogs and observed that 
ischemia was reversible within 9 minutes. When we 
injected a larger air embolus (1 cc) into the LAD of the 
dog, myocardial ischemia lasted longer and resulted in 
ventricular fibrillation. 

An initial coronary air embolus should be differen- 
tiated from a small air-bubble embolus. After a coronary 
catheter is filled with contrast material, vigorous aspi- 


FIGURE 5. Arteriograms of left coro- 
nary artery of dog in right anterior 
oblique caudal projection. A, normal 
arteriogram. B, after injection of 0.5 cc 
of air into the circumflex artery, con- 
trast material moved normally through 
the left anterior descending artery 
(short arrow) but stopped abruptly in 
the circimflex artery (long arrow). C, 
after 1 cc of air was injected into the 
anterior descending artery, the flow of 
contrast material stopped abruptly in 
the anterior descending artery (short 
arrow) and the first diagonal branch 
(curved arrow). D, 5 minutes later, 
during another injection, the flow of 
contrast material stopped farther down 
in the anterior descending artery (short 
arrow) and first diagonal branch 
(curved arrow). 








ao Ti "ns 


^ y аў Si: I 3 sh | 
ү! me $t 3 < DE ut . a 
MET pc ERN EU e. NS E Желе; AEN cre 
F 8777 TIE T SM SE gos РОИА iffere nti: ла! _` 


eae e cio. an Cx CONT с 6 







| e ta lus: The iar diagnosis ofi niti tial а 
air embolus includes clot injection and coronary 
section. Usually, a clot can be outlined by с ont 
material; the leading edge of contrast material dc 
pulsate back and forth. The artery is usually 
obstructed, with a normal caliber up to the poin 
clusion.9? A clot produces a single occlusion at a 
cation, rather than symmetric occlusion of п mult 
arteries. With later injections, a clot remains in t he 
location and persists longer than an air embol 18 . 
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VI 
with a flap, a narrowed segment, and local pers 
of contrast material in the false lumen.5:10.11 
v2 Treatment of initial coronary air 
Treatment of coronary air embolus during coronary 
arteriography has not been reported. Dopamine!? anc 
hyperbaric therapyP? have been recommended for or cor- 
v3 3 
dz onary air embolus is easier to prevent than to treat T The 
angiographer should meticulously avoid insertion о of an 
air-filled catheter into a coronary artery. 
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Mucocutaneous Lymph Node Syndrome: Clinical, 
Hemodynamic and Angiographic Features 
of Coronary Obstructive Disease 


TOSHIO NAKANISHI, 


MASAHIRO ENDO, MD, KOICHIRO NIWA, MD, and YOSHIAKI TAKAHASHI, 


MD, ATSUYOSHI TAKAO, MD, MAKOTO NAKAZAWA, MD, 


MD 





Clinical, hemodynamic and angiographic features 
. of coronary obstructive disease (290 % diameter 
reduction) in Kawasaki disease were evaluated in 
30 patients. The mean age at the onset of Kawaski 
disease was 2.9 + 1.9 years and that at cardiac 
-Catheterization was 6.3 + 2.8 years. Obstructive 
. lesions were observed in the right coronary artery 
іп 12 patients (group 1), in the left anterior de- 
scending coronary artery (LAD) in 6 (group 2), in 
both right coronary artery and LAD in 10 (group 3) 
and in the left main coronary artery in 4 (group 4). 
Twenty-two patients (73% ) had cardiac symptoms, 
including myocardial infarction in 10 (33 % ). Cardiac 
symptoms were observed in 41% in group 1, 100% 
in group 2, 80% in group 3 and 100% in group 4. 
Left ventricular (LV) end-diastolic pressure, end- 


Cardiac involvement in mucocutaneous lymph node 
syndrome (Kawasaki disease) includes myocarditis, 
pericarditis, coronary aneurysm and obstruction, 
myocardial infarction (MI) and mitral regurgitation.!-4 
Cineangiography has revealed coronary aneurysm in 
about 20% of райепіѕ.56 Suzuki et al? reported that 
about 3396 of coronary aneurysms returned to near- 
normal size and 8% became stenotic. Although the 
number of children with significant coronary stenosis 
is increasing, clinical and hemodynamic findings in such 
| patients have not been described. The present study was 
undertaken to evaluate clinical, hemodynamic, and 
 angiocardiographic features of coronary obstruction 
resulting from Kawasaki disease. The degree of coro- 
nary stenosis that causes myocardial ischemia in chil- 
dren is undetermined; therefore, we selected patients 
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diastolic volume and ejection fraction were abnor- 
mal in 32% of the patients in group 1, a frequency 
less than that in other groups (83 % in group 2, 78 %. 
in group 3 and 100% in group 4). Fifty percent had 
mitral regurgitation and 73% had left ventricular 
wall motion abnormalities. No patient in groups 1 or 
2 has died, but 8 of 14 patients in groups 3 and 4 
have died. These observations indicate that coro- 
nary obstruction owing to Kawasaki disease can 
cause depressed LV function, mitral regurgitation 
and LV wall motion abnormalities in children. Clin- 
ical and hemodynamic features of right coronary 
obstruction (isolated) are relatively benign com- 
pared with those of left coronary obstruction (iso- 
lated or combined with right obstruction). 

(Am J Cardiol 1985;55:662-668) 


with severe obstruction (290% diameter reduction) of 
coronary arteries with or without MI pattern on the 
electrocardiogram in the present study. 


Methods 


Patients: The study group consisted of 30 patients with 
complete or almost complete (90 to 100%) obstruction of 
coronary arteries with or without an MI pattern on the elec- 
trocardiogram; in 29 Kawasaki disease had been diagnosed. 
The patient whose symptoms did not satisfy the diagnostic 
criteria of Kawasaki disease? was included in this study be- 
cause autopsy showed a coronary artery lesion that was 
identical to that of Kawasaki disease. In 2 patients, in addition 
to the right coronary obstruction observed at the first cathe- 
terization, left coronary obstruction was found at the second 
catheterization and the data of the second studies were in- 
cluded. Thus, 32 studies were available for analysis. 

Protocol: The left ventriculogram was performed in the 30? 
right anterior oblique and 60? left anterior oblique projections 
at 60 frames/s. Intracardiac pressure was recorded with use 
of fluid-filled catheters, a P23D pressure transducer and a 
multichannel recorder. A left ventricular (LV) end-diastolic 
pressure greater than 12 mm Hg was considered to be abnor- 
mal. The end-diastolic and end-systolic LV volumes were 
measured using the area-length method and corrected with 
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^ The LV end-diastolic volume was compared to the expected 
` normal values!? (72.5 х ВЅА!-43) and were expressed as а 
percent of normal. The LV end-diastolic volume greater than 
125% of normal and LV ejection fraction less than 55% were 
considered to be abnormal. Segmental LV wall motion was 
assessed according to the reporting system of the American 
Heart Association? (Fig. 1B). The degree of mitral regurgi- 
tation was classified according to Sellers.?! The percentage 
of coronary stenosis was calculated using the nearest nor- 
mal-appearing portion of the coronary artery (either distal or 
proximal to the stenosis) as a standard. Sites of coronary an- 
eurysm and stenosis were expressed by the segment number 
of the coronary arteries according to the American Heart 
Association Committee Report!? (Fig. 1A). 

Clinical criteria: To characterize cardiac symptoms, we 
classified clinical symptoms into 3 categories; angina, MI and 
chronic congestive heart failure. Relatively mild chest (or 
epigastric) pain or discomfort that did not last more than 15 
minutes was considered to be an angina. Clinical criteria of 
MI included electrocardiographic signs of MI (ST change and 
abnormal Q wave) and severe chest pain or discomfort that 
lasted more than 30 minutes or that was associated with car- 
diogenic shock (in infants, any symptoms resulting from 
myocardial ischemia, such as bad temper, accompanied by 
acute respiratory distress, pallor and cold sweat). Because the 
data regarding serum enzyme levels were not available in most 
patients, elevation of serum enzyme levels was not included 
in the criteria of MI. Relatively chronic symptoms such as easy 
fatiguability, decreased exercise tolerance and exertional 
dyspnea were categorized as chronic congestive heart failure. 
All patients with congestive heart failure in this study had 
cardiomegaly (cardiothoracic ratio 20.6 on the chest roento- 
genogram) and received digoxin and diuretic drugs. 

Electrocardiographic diagnosis of the location of MI was 
done from the Q-wave infarction pattern using the Minnesota 
code criteria.!? 

Coronary surgery was performed on the basis of the same 

criteria as used in adults,?? which included significant stenosis 
of the left main or proximal left anterior descending coronary 
artery (LAD) (isolated or combined with stenosis of a proximal 
right coronary or left circumflex artery), and absence of the 
` severe LV dysfunction. 
_ Statistics: Data are given as mean + standard deviation. 
` Intergroup comparisons were made using 1-way analysis of 
variance and the modified t test.2° The contingency table was 
used to compare the proportions among groups.?* A p value 
«0.05 was considered significant. 


Results 


Clinical findings and coronary angiography: 
Clinical and angiographic findings are summarized in 
Table I. The male to female ratio was 4:1. Patients were 
classified into 4 groups; those with right coronary ob- 
struction (group 1, 37% of the patients); those with LAD 
obstruction (group 2, 19%); those with both right coro- 
nary artery and LAD obstruction (group 3, 31%); and 
those with left main obstruction (group 4, 13%). Twenty 
patients (73%) had a history of cardiac symptoms: MI 
in 10, angina in 5 and chronic congestive heart failure 
in 8. In group 1, the cardiac symptoms were observed 
. less frequently (p <0.05) than in other groups (41% in 
` group 1, 100% in group 2, 80% in group З and 100% in 
| group 4). Only patients in groups 3 and 4 were in func- 
2 tional classes III and IV (New York Heart Association 
criteri a ma symptoms ореола! 0. 3 months to 
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1 year) (Fig. 2A). Abnormal Qw waves on the elec тосаг- - 
diogram were observed in 23 patients (77%), and - the 
time when electrocardiographic signs of MI appea ed | | 
could be assessed in 16 patients (Fig. 2B). In 13 of thes $ 
16 patients (81%), electrocardiographic abnormality was EB A 
observed within 1 year after the onset of Kawasaki - 
disease. | E 

Anticoagulant agents given to each patient are dion ix 
in Table I. There were no predesigned programs. of | 
anticoagulant therapy and most patients receivec ү 
warfarin (0.05 to 0.15 mg/kg/day, adjusted to 10 to 25% 
by Thrombotest, dipyridamole (3 to 7 mg/kg) or aspiri 
(5 to 30 mg/kg) or a combination of these drugs. Was a 
farin was started after MI in 4 patients, after cardiac _ 
catheterization in 4 and after aortocoronary bypass i n 
6. In addition, isosorbide dinitrate was given to pa en ts 3 
6, 14, 20, 21, 22, 23 and 30 and propranolol to patients _ 
1,3, 6 and 22; Patient 24 had acute MI and received || 


FIGURE 1. A, coronary arterial segments, and B, left ventricular se 
ments. (From a reporting system of American Heart Association. 13 1 AD | 
— left anterior descending coronary artery; LC — left circumflex cor- 4 Y 
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Early patency of the graft was confirmed by сїпеа 
CABG = coronary artery bypass grafting; LAD = 
circumflex artery; MVP = mitral valve plasty; MVR = mitral valve replacement; R = 


artery. 


ngiography at 1 month after surgery. 
left anterior descending coronary artery; LC = left 






right coronary 
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TAM TABLE " Kobo Say Bypass Surgery in Six Cases of Kawasaki Disease 
Pt CABG Age at CABG Early Patency of Graft Late Results (age) 
18 LAD 7y5m Patent Angina, bypass occluded 
(10ySm) i 
20 LAD 9yOm Patent No study, asymptomatic he 
(11y2m) ^ 
3' LAD & R, MVP 9y7m Patent No study, asymptomatic n 
(11y9m) Ut 
8' LAD, MVR, re-MVR 11y7m, re-MVR Patent Bypass occluded (14y), d 
(13y 11m) asymptomatic (17y) a, 
23 LAD&LC 6y5m Patent Sudden death (6y9m) E: 
30 R 4y6m Patent Sudden death (4y 1 1m) 48 


urokinase (6,000 U/kg) infusion into the left coronary 
artery, but he did not respond to the therapy. 

Follow-up and surgical therapy: Group 1: In pa- 
tients 3 and 8 LAD obstruction developed (see group 3). 
Patient 8 was symptomatic until he received surgical 
treatment. Eleven patients remain symptom-free. 

Group 2: Patients 13, 14 and 17 are symptom-free and 
patients 15, 16 and 18 had cardiac symptoms. Conges- 
tive heart failure remains in patient 15 and patient 16 
occasionally has angina. Patient 18 underwent aorto- 
coronary bypass, but recently he has complained of 
occasional chest pain (‘Table II). 

Group 3: Patients 19 and 21 died of progressive con- 
gestive heart failure, at age 5.6 years (5 years after 
Kawasaki disease) and 7 years (17 months after 
Kawasaki disease), respectively. Four patients (nos. 20, 
3, 8 and 23) underwent aortocoronary bypass surgery 
(Table II). Patient 24, who had acute MI, did not re- 
spond to medical therapy and underwent surgical an- 
gioplasty of the left main coronary artery, but he did not 
survive the operation. The other 3 patients in group 3 
are asymptomatic. 


A. Cardiac symptoms 
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Years after onset of MLNS 
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Group 4: Congestive heart failure progressed ig dd A 
patients (nos. 27, 28 and 29) and they died at age 6, 78 
and 8 years, respectively. Patient 30 had angina, and - 
despite the poor LV function he underwent aortocoro- i. 
nary bypass. He died suddenly 5 months after the op 3 | 
eration; an autopsy was not performed. ? 

Autopsy findings: Autopsy examinations performed | 
in 6 patients and the findings are shown in Table III. _ 

Hemodynamic findings: There were no significant | 
differences in the values of LV end-diastolic pressure, _ 
LV end-diastolic volume and LV ejection fraction . 
among the 4 groups (Table IV). In only 32% of patients . 
in group 1 were these hemodynamic values abnormal _ A^ 
and this frequency was significantly (p «0.05) less than — 
that in other groups (Fig. 3A). Ejection fraction in the 29 
7 patients with anterior MI (0.26 + 0.09) and in the M 
with anteroinferior infarction (0.40 + 0.17) was signif- _ 
icantly less than that in the 5 patients with a normal - 
QRS (0.74 + 0.06) (Fig. 4). In the 12 patients with in- ө 
ferior MI, LV ejection fraction (0.55 + 0.17) was not | i 
significantly different from that in the normal QRS | 
group. 
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TABLE Ill Autopsy Findings in Six Cases of Kawasaki — Міра]. egurgitation was observed in 14 patients _ 
Bs Disease | (about 50%). In patients with mitral regurgitation, LV 
"PE. Age (yr) CES involvement ejection fraction tended to be lower and LV end-dia- 
io TEARS stolic volume higher than in patients without mitral 
ak oup 









_ 19 бутт Aneurysm (LM); narrowing (LAD) and obstruction (R) 
XV with old thrombi; posterior and inferior MI (old) 

__ 28 бу9т Aneurysm (LAD); obstruction (R, LAD, LC); 

Ur narrowing of bypass grafts with intimal 

om thickening. Septal & posterior MI (old) 

24 7y3m Aneurysm (LM, LAD); narrowing (LM) and 

ie: obstruction (LAD, R) with old thrombi; posterior, 

E inferior, and lateral MI (old) 


Group 4 


6y5m  Aneurysm (LM) obstructed with old and new 

299 thrombi; narrowing (В); old МІ of entire LV 

= 28 7y5m Aneurysm (LM) obstructed with old and new 

PA thrombi; old MI of entire LV 

= 29 . 8y2m Aneurysm (LM) obstructed with old and new 
A thrombi; old MI of entire LV 
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ES LM = left main coronary artery; LV = left ventricle; MI = myocardial 
. infarction; other abbreviations as in Table II. 


BSA HR LVSP 


(mm Hg) 









0.75 100 97 17 
0.51 120 102 11 
0.63 100 87 17 
0.52 95 87 18 
0.51 110 97 8 
0.64 106 92 12 
0.72 100 85 12 
0.68 96 110 19 
0.76 110 98 12 
0.70 100 90 11 
0.80 80 125 9 
0.82 70 90 11 
0.67 99 97 13 
0.11 13 11 3 





0.72 140 122 11 
0.82 82 100 15 
0.66 93 120 25 
0.76 100 83 15 
0.78 75 90 21 
0.82 86 100 12 
0.76 96 102 17 
0.06 23 15 5 















LVEDP 
(mm Hg) 


Group 2 (Left Anterior Descending Coronary Artery Narrowing) | 


regurgitation (Fig. 4). ` 
Segmental LV wall motion was abnormal in 22 of 24 
patients (92%) with an MI pattern on the electrocardi- 
ogram and was normal in all patients without MI (Table 
IV). The LV wall motion abnormality was observed 
even in patients with normal parameters of LV function. 
Four of 9 patients in group 3 and all patients in group 
4 had generalized hypokinesia of the left ventricle. 


Discussion 


Although the male/female ratio of the patients with 
Kawasaki disease is approximately 1.5:1,16 the ratio was 
4:1 in the present study. This may suggest that males 
have a higher risk of coronary involvement after 
Kawasaki disease. The present study shows that the 


Regional 
Contractility 





225 0.48 
94 0.73 
270 0.41 
141 0.73 
105 0.62 
86 0.79 ; 
101 0.57 (—) 3,4 H 
273 0.30 I Generalized H 
86 0.74 (--) Normal 
103 0.66 (—) Normal 
121 0.80 (—) Normal 
95 0.79 (—) Normal 
142 0.64 
71 0.16 
130 0.29 (==) 2,3 akinesia 
476 0.21 (—) 1,2,3 H 
525 0.26 | Generalized Н 
157 0.41 (—) 2,3 H 
124 0.65 (—) Normal 
82 0.56 (—) Normal 
249 0.39 
196 0.17 


0.67 100 82 12 210 0.31 | Generalized Н 
1.02 80 104 15 117 0.71 | 5H 
0.74 148 102 42 246 0.16 d Generalized H 
0.94 110 85 29 225 0.26 | Generalized Н 
0.91 100 125 18 313 0.55 Ill 5H 
0.94 95 107 16 228 0.49 I 1,2,3 H 
0.82 100 110 8 106 0.67 (—) Normal 
1.00 75 100 ue. ets (—) бф 
0.39 140 85 22 186 0.35 (—) Generalized H 
0.90 75 95 11 115 0.69 (—) Normal 
0.83 102 99 19 194 0.46 
4 0.19 25 14 10 70 0.20 
IE 
d Group 4 (Left Main Coronary Artery Narrowing) 
27 0.75 105 92 22 ita AA 111 Generalized Н 
0.72 110 90 37 488 0.15 I Generalized H 
29 0.76 100 112 20 155 Generalized H 
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FIGURE 3. Frequency of abnormal left ventricular func- 
tion values. The frequency of abnormal left ventricular 
function values in group 1 was significantly less than that 
in other groups. EDP = end-diastolic pressure; EDV = 
end-diastolic volume; EF = ejection fraction; LAD = left 
anterior descending coronary artery; R = right coronary 
artery. 
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most common site of obstruction is the proximal right 


main. The mechanisms of coronary obstruction in 
` Kawasaki disease are unclear, but thickening of the 
. intima and thrombus formation in the aneurysm may 
. cause coronary obstruction." Hiraishi et al? showed 
` echocardiographically that coronary aneurysm usually 
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developed during the 11th to 20th day of illn | 
though the time of coronary obstruction is diffi fic 
estimate noninvasively, an MI pattern on the e 

cardiogram was observed most frequently wit 
after the onset of Kawasaki disease (Fig. 2). £ 
investigations in Japan have suggested that su id er 
death occurs most frequently within 2 months c f the ^ 
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É onset of Kawasaki disease.9? In the present study, sig- 


` nificant numbers of patients had electrocardiographic 
. changes in this period. Since most patients were referred 
- to our institute after they had developed cardiac 
. symptoms or an electrocardiographic abnormality, the 
- present study may represent the patients who had 
- survived the initial episode of coronary obstruction. 
_ Therefore, the present study does not show the inci- 
__ dence of coronary obstruction in patients with Kawasaki 
_ disease or in patients with coronary aneurysm detected 
- by echocardiography, and these are the inherent limi- 
- tations of a retrospective study. 

_ Typical symptoms of MI were observed infrequently 
_ (31%). Congestive heart failure without a clear history 
_ of MI could be the major symptom of cardiac involve- 
- ment in Kawasaki disease. 

D In group 1, cardiac symptoms and abnormal LV 
. function were observed less frequently than in other 
_ groups (Tables I and IV). These data suggest that right 
coronary artery obstruction may cause myocardial 
- damage less frequently. The present study also shows 
- that left main obstruction in children causes severe LV 
- dysfunction. As in the adult,!? the prognosis of left main 
- obstruction was poor in children (Table I). In the 
| present study, severely decreased LV ejection fraction 
_ (<0.35) was observed in 37%, and in most cases LV 
. end-diastolic volume was increased and LV wall motion 
` was generally reduced. These findings are compatible 
with those of dilated cardiomyopathy; therefore, coro- 
_ nary angiography may be important for differential 
_ diagnosis. 

- In the present study, electrocardiographic evidence 


| 


E of anterior (and lateral) MI indicated left coronary ob- 
_ struction, but did not exclude additional right coronary 
obstruction. Inferior MI indicated right coronary ob- 
_ struction but did not exclude additional left coronary 
obstruction (Table I). Despite these limitations, de- 
~ pression of LV function in anterior MI was greater than 
н, that in inferior infarction (Fig. 4). These findings are іп 
_ agreement with observations in the adult.!? 
Segmental LV wall motion was abnormal in 92% of 
~ patients with an MI pattern on the electrocardiogram. 
~ LV wall motion was normal in patients without MI, and 
this finding is in contrast to that of Hamby et al,!9 who 
- showed that 42% of adult patients with a normal QRS 
| pattern had abnormal wall motion. 

-Mitral regurgitation was observed in 50% of the pa- 
` tients, similar to the value observed in the adult? (44%). 
. In the present study, LV ejection fraction in patients 
A with mitral regurgitation was lower than in those 
_ without mitral regurgitation. The reasons for this are 
- not clear, but the patients with mitral regurgitation may 
— have greater myocardial damage. Six of 7 patients who 
— had both anterior MI on the electrocardiogram and 
mitral regurgitation have died. This combination of 
- clinical signs may suggest severely depressed LV func- 
tion and a poor prognosis. 

— The rate of bypass occlusion in children was rather 
г high (Table II). Although patency of the graft may be 
` higher if surgery is performed in children (aged 10 years 
` or older) or young adults,?? we cannot conclude whether 
` or not coronary surgery is effective in the treatment of 
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Kawasaki disease. Since congestive heart failure im- - 
proved dramatically after mitral valve replacement in 
patient 8, mitral valve plasty or replacement may be 
indicated in patients with severe mitral regurgitation. 
Although we are administering aspirin, dipyridamole, 
or warfarin or a combination of these drugs to most 
patients of the present study who are still alive, the ef- 
fect of these drugs on the long-term prognosis remains 
undetermined. Experience of percutaneous translu- 
minal coronary recanalization using urokinase in Ka- 
wasaki disease is accumulating in Japan and the efficacy 
of this technique will be evaluated. 
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(percutaneous transluminal coronary recanalization) in pa- 
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Importance of Total Life Consumption of Cigarettes 
as a Risk Factor for Coronary Artery Disease 


WILLIAM S. WEINTRAUB, MD, LLOYD W. KLEIN, MD, PAUL A. SEELAUS, BS, 
JAl B. AGARWAL, MD, and RICHARD Н. HELFANT, MD 


Cigarette smoking is an established risk factor for 
the occurrence of cardiovascular events and mor- 
tality. Whether recent smoking history or total life 
consumption best represents the increased risk due 
to smoking has not been previously established. 
Thus, stepwise logistic regression analysis was used 
to determine the relative contributions of these 
factors to the risk of having significant coronary 
artery disease in 1,349 patients who underwent 
cardiac catheterization. Six risk factors were ana- 
lyzed: total pack-years, current packs smoked per 
day, age, gender, family history and symptomatic 
status. The results of this analysis showed that total 
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pack-years, but not current packs рег day, is a à 5 
significant independent risk factor for the develop- — - 


ment of coronary artery disease. This was true in 


every age group up to but not older than age 70 E 
years. Although the overall risk was lower in younger 


patients and in patients with less typical symptoms 


of angina, the relative risk in cigarette smokers — 
relative to pack-years was consistently greater. The — — 


risk of total life consumption of cigarettes is thus 
greater than has heretofore been realized, partic- 
ularly in persons who would otherwise be catego- 
rized as low risk. 

(Am J Cardiol 1985;55:669-672) 


Current cigarette smoking is widely recognized as a risk 
factor for the occurrence of cardiovascular events and 
mortality.! However, the relative importance of current 
smoking (as distinguished from total life consumption 
of cigarettes) as a risk factor for coronary artery disease 
(CAD) found at coronary angiography has not been 
established. Data from the Framingham study has 
shown that if an individual ceases to smoke, the subse- 
quent risk of coronary events decreases after 2 years, 
and eventually approximates that of the nonsmoking 
population. However, arteriographically identified 
CAD and the development of coronary events represent 
different endpoints, and the relation between them is 
not necessarily direct. Thus, although the risk of car- 
diovascular events decreases after cessation of smoking, 
there is no evidence that this is attributable to regres- 
sion of atherosclerosis. If, as has been suggested, ciga- 
rettes accelerate the atherosclerotic process,** then total 
pack-years rather than current smoking may best rep- 
с” „МЖА A ETS aE ES Sy EE AE a 
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resent the risk of developing coronary atherosclerosis. 


in a person. Subsequent cessation of smoking may re- 
duce the risk of events by retarding progression of dis- 
ease or by reversing its various pathophysiologic effects. 


To investigate the relative importance of current — 
smoking vs total life consumption as risk factors for 
CAD, we analyzed the relative importance of these - 


variables in 1,349 patients who underwent coronary 
angiography. 


Methods 
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Patients were analyzed from our computerized data base, M a 
which comprises all patients undergoing coronary arteriog- | 


raphy in this institution since January 1, 1981. All patients in _ 


whom data collections were complete were included. Total life — 


consumption of cigarettes in pack-years was calculated from _ 
the total years smoked times the average packs per day . 
smoked over these years. Current packs per day were con- _ 


sidered to be the average packs per day smoked within the last  . | 
3 months. Chest pain was considered typical angina pectoris — | 


if it was precipitated by physical exertion, precordial in lo- . 
cation, with or without radiation, relieved by nitroglycerin or An 


rest, and lasting for 1 to 30 minutes. Pain was considered 
atypical if lacking any 1 of these characteristics, and noncor- 
onary if missing any more than 1 characteristic. Because of 
the relatively small number of asymptomatic patients and 
patients with noncoronary chest pain, these patients were 
grouped with the patients with atypical chest pain. The family 
history was considered positive if a first-degree relative 
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Univariate 

p Value 
п Pack-years <0.001 
[o Current packs NS 
Ei Pain «0.001 
EU. Sex «0.001 
T с Age «0.001 
8 Family history 0.001 
ES Constant 
a NS = not significant; SD = standard deviation. 














ig ( (parent, sibling or child) had documented CAD (myocardial 
` infarction, angiographically proved CAD or death from 
CAD). 


SN E an angiography was performed in multiple projec- 
p M 

. Bion: using either the Sones or Judkins technique with 
R enografin-76”. Significant obstruction was considered to be 
P resent when a luminal diameter narrowing of 75% or greater 
- in any vessel was present. 

um Historical data and the results of coronary angiography 
ў Hi ere entered into our computer data base on a VAX 11/750 
vital computer (Digital Equipment Corporation). Data were 
те retrieved from the computer using a locally developed query 
Шаке. Data was analyzed with BMDP statistical software. 
? importance of current smoking vs total pack-years was 
ass sessed i in the total population and different subpopulations 
| using stepwise logistic regression analysis. This allows 
calculation of the probability of coronary disease by the 

equation: 





3 P(D4) - (1) 
E vhere x, the logit(P), is defined as: 
cs + x = bo + Zbik; (2) 















b | is the constant term, and the b; are the coefficients for each 
es stor. The К; represent the covariates. Each covariate has a 
E value corresponding to packs or pack-years. Whether cigarette 
- smoking was related to severity of CAD, as well as to presence 
of CAD, was analyzed by chi-square tests.® 
Es | 


Results 


E or the 1,349 patients, 984 had significant coronary 
| dis sease and 363 did not. There were 917 men and 432 
E с men. The results of the logistic regression analysis 
T listed in Table I. Chest pain, gender, age, family 
history, pack-years and current packs per day were 
analyzed as risk factors. Univariate and multivariate p 
alues, as well as coefficients from the above analysis, 
were calculated. Pack-years smoked was found to be a 


Distribution by Number of Diseased Vessels 
(Percent) in Pack-Year Groups 


Pack-Years Smoked 


О 1-19 20-39 40-59 60-79 80-99 <00 
16 
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Multivariate 





p Value Coefficient SD 
y —0.00843 0.00272 
«0.001 —0.723 0.0699 
«0.001 —0.548 0.0752 
«0.001 —0.0519 0.00687 
«0.001 —0.245 0.0710 
2.44 0.402 


significant independent risk factor from the other rec- 
ognized factors. In contrast, current cigarettes smoked 
per day was not a significant risk factor for the presence 
of CAD. When the analysis was repeated in separate age 
groups, pack-years was found to be a significant risk 
factor in each decade from the 30s to the 60s (p <0.001), 





but not in those older than age 70 years, whereas current | 


packs per day was not a risk factor at any age. As addi- 
tional proof that increased pack-years does not essen- 
tially represent older age, the correlation coefficient 
between pack-years and age was only 0.018. 

Total cigarette pack-years was not greater in people 
with multivessel CAD than in those with 1-vessel CAD 
(Table II). The 1,349 patients were separated into 363 
without CAD, 300 with 1-vessel CAD, 321 with 2-vessel 
CAD and 365 with 3-vessel CAD. Each subgroup was 
then separated by number of pack-years in 20 pack-year 
intervals, and the data displayed as percent of each 
column. As previously noted, there was a significant 
difference between no CAD and significant CAD in 
pack-years of cigarettes (p «0.0001). However, no dif- 
ference in number of pack-years was noted among the 
patients with CAD. 

Tables III and IV present the probabilities of CAD 
as calculated from the coefficients in Table I using the 
equations presented in the Methods section. Table III 
presents the results in women and Table IV the results 
in men. In each table, data are presented for atypical 
and typical pain, and for positive and negative family 
histories. With increasing pack-years, the relative risk 
increases, but the relative risk with more pack-years is 
greater in the younger patients who otherwise would be 
at relatively low risk. In contrast, older patients with 
symptoms of angina pectoris have a high risk by virtue 
of their age and symptoms alone, and are thus unlikely 
to have a significant increase in risk. 


Discussion 


'The results of the present study indicate that total 
life consumption of cigarettes is a clear and unequivocal 
risk factor for the angiographic presence of CAD, and 
in addition, the more a person smokes, the greater the 
risk. Total pack-years was found to be a major risk 
factor for CAD in almost every group of persons exam- 
ined. The relative risk is greater in younger age groups 
with atypical symptoms. Figure 1 shows that a 70- 
year-old man with typical angina has such a high 
ра АШЫМ of having CAD jong a history of Wee 






iat oo cfe s 


Y pays Ss ER 
3 Rai. 07 УЛАК И, з, 


е 1 UN 
35-4; - ma 





› 
ы; a 7 


^ Ј r ۰ 
! 2 ros E Ак > 





ee 


es | 






d H (e 














E: a EA RE p" MEER nea i TE m p Mcd OR LN re б-де du de SL: 
RR LU TP Зе EE RART eet S tr I ч А "ET SH 2 Baines pee s 
| T. Y me en ARANDA Y Ау ince fed à I xt E. ж Р у ЩА pais E e. ў 5 
` TABLE Ill Probability of Co onary xc qut | Women TABLE IV Probability of Coron: dsb 1! me 
| Pack-Years of Cigarettes Pack-Years of Cigarettes PNE A 
0 20 40 60 80 100 0 20 40 60 80 1 
Negative Family History—Atypical Pain Negative Family History—Atypical Pain TN 
. Age (yr) Age (yr) gore 
930 0.083 0.097 0.113 0.131 0.151 0.174 30 0.214 0.243 0.276 0.311 0.348 0.387 — 
40 0.132 0.153 0.176 0.202 0.230 0.262 40 0.313 0.351 0.390 0.431 0.473 0.515 
50 0.204 0.233 0.264 0.298 0.335 0.373 50 0.434 0.476 0.518 0.560 0.601 0. 
60 0.301 0.338 0.376 0.417 0.458 0.500 60 0.563 0.604 0.644 0.681 0.717 0. 
70 0.420 0.461 0.504 0.546 0.587 0.627 70 0.684 0.719 0.752 0.782. 0.810 .— 
Typical Pain Typical Pain 
Age (yr) Age (yr) | 
30 0.287 0.313 0.351 0.390 0.431 0.473 30 0.535 0.577 0.618 0.657 0.694 — 
40 0.393 0.434 0.476 0.518 0.560 0.601 40 0.660 0.696 0.731 0.703 0.792 
50 0.521 0.563 0.604 0.644 0.681 0.717 50 0.765 0.794 0.820 0.844 0.865 
60 0.647 0.684 0.719 0.752 0.782 0.810 60 0.846 0.866 0.885 0.901 0.915. 
70 0.755 0.784 0.812 0.836 0.858 0.877 70 0.902 0.916 0.928 0.938 0.948 — 
Positive Family History—Atypical Pain Positive Family History—Atypical Pain 
Age (yr) Age (yr) 
30 0.129 0.149 0.172 0.197 0.225 0.256 30 0.307 0.344 0.383 0.424 0.465 
40 0.199 0.228 0.259 0.292 0.225 0.256 40 0.427 0.469 0.511 0.553 0.594 
50 0.295 0.331 0.370 0.410 0.451 0.493 50 0.556 0.597 0.637 0.675 0.711 
60 0.413 0.454 0.496 0.538 0.580 0.620 60 0.678 0.714 0.747 0.777 0.805 
70 0.542 0.583 0.623 0.662 0.699 0.733 70 0.780 0.807 0.832 0.854 0.874 
Typical Pain Typical Pain 
Age (yr) | Age (yr) 
30 0.386 0.427 0.496 0.511 0.553 0.594 30 0.653 0.690 0.725 0.757 0.787 
40 0.514 0.556 0.597 0.637 0.675 0.711 40 0.760 0.789 0.816 0.840 0.861 
50 0.640 0.678 0.713 0.747 0.777 0.805 50 0.842 0.863 0.882 0.898 0.913 
60 0.749 0.779 0.807 0.832 0.854 0.874 60 0.899 0.914 0.926 0.937 0.946 
70 0.834 0.856 0.875 0.893 0.908 0.921 70 0.938 0.947 0.955 0.961 0.967 


70 year old man 
Typical pain 
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.. does not significantly increase this risk. However, when 
` considering a 50-year-old woman with atypical symp- 1.0 
toms, the more pack-years smoked, the greater the risk. 

In contrast, current smoking does not appear to be a risk 
factor for the presence of coronary disease as deter- 
mined by angiography. These data suggest that the 
recognized pathophysiologic actions of cigarette smoke, 
such as alterations in serum lipids, blood leukocytes and 
platelets,4 altered catecholamine release’ and vaso- 
constrictive effects on the coronary vasculature® cause 
deleterious effects with frequent exposure over the 
course of many years. Smoking less, or even ceasing all 
smoking for a short period, would probably not result 

in a significantly decreased angiographic risk of coro- 
nary atherosclerosis. Regression of atherosclerosis has 
only rarely, if ever, been demonstrated.’ Nonetheless, 
stopping cigarette smoking cannot be said to not lead 

to regression, because there are no reported data on 
what effect several years of no smoking would have on 
atherosclerosis. The data in this study expand on the 
studies of Vlietstra et al!? and Holmes et al!! (who 
showed that cigarettes are a risk factor for angiographic 
evidence of disease in younger populations) to show that 

. the risk is associated with pack-years. 0.2 
` The Framingham study revealed that after cessation 
A of smoking the incidence of coronary events decreases 
` within several years to a value similar to that in the 
i: nonsmoking population.? This observation is consistent 
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FIGURE 1. Angiographic incidence of coronary disease relative | 
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орн by ibe Каш aS Study ana theo presence 
of atherosclerosis, as assessed by coronary angiography, 
represent different endpoints. Thus, continued cigarette 
smoking can lead to further progression of atheroscle- 
_ rosis and then to coronary events. Furthermore, for any 
level of atherosclerosis, cigarette smoking may lead to 
coronary events by increasing the heart rate and blood 
| pressure, thus increasing myocardial oxygen demand? 
by direct vasoconstrictor actions,!? by enhanced platelet 
fpeerezation’* or by arrhythmogenic action.!5 
The present study was performed in a group that 
underwent coronary angiography to evaluate chest pain 
ог the extent of CAD. Although it is not possible to ac- 
curately predict the increased risk of developing ath- 
'erosclerosis from smoking in other populations, it is 
worth considering. We define the risk ratio as the ratio 
of risk at any number of pack-years to risk at 0 pack- 
years for the same sex and age patient. The risk ratio for 
angiographic evidence of CAD was greater in subsets at 
wer risk in the catheterization laboratory (Fig. 1). The 
risk ratio in the general population (although not the 
absolute risk) may actually be greater than that in the 
population undergoing cardiac catheterization. 'Thus, 
a clinically healthy 50-year-old man may increase his 
risk several fold if he had smoked 60 pack-years. Data 
concerning current pack-years cannot be extended to 
the general population at all, because people may stop 
smoking at the onset of symptoms or on the advice of 
a physician. 
— In summary, angiographic risk is related to total 
lifetime consumption of cigarettes. Although no evi- 
dence is available to support regression of established 
‘CAD, this does not mean that current smokers should 
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not stop. On the согу. continuing to packs vali 
further increase the risk and may cause progression of 
CAD, and can lead to future cardiac events. 
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Coronary Angioplasty: Clinical and Angiographic Follow-Up 


STEWART LEVINE, MD, CAROLYN J. EWELS, BS, DOUGLAS R. ROSING, MD, 
and KENNETH M. KENT, MD, PhD | 





To evaluate the clinical status and restenosis rate 
after percutaneous transluminal coronary angiog- 
raphy (PTCA), 251 consecutive patients who had 
undergone a successful procedure from February 
1979 to May 1983 were studied. Angiography was 
done routinely in 92 of the initial 100 consecutive 
patients in whom the procedure was successful 
(group 1), 1 to 11 months (mean 6) after PTCA. 
Restenosis occurred in 37 of 92 patients (40% ); all 
but 2 (who had collateral flow to the restenosed 
vessel) had symptoms. Conversely, 44 of 46 
asymptomatic patients had no restenosis. The other 
159 patients (group Il) were followed up clinically, 
with angiography performed only if signs or symp- 
toms of ischemia recurred. Restenosis suspected 
clinically and confirmed angiographically occurred 





Recurrent narrowing at the site of previous successful 
percutaneous transluminal coronary angioplasty 
(P'TCA) is an important cause of symptoms after this 
procedure. This retrospective study examines the 
clinical status and incidence of restenosis after PTCA 
in 251 consecutive patients who had undergone suc- 
cessful first PTCA. 


Methods 


From February 1979 to May 1983, 251 of 349 consecutive 
patients had undergone successful PTCA at The National 
Institutes of Health or at Georgetown University Hospital. 
A successful procedure was defined according to the criteria 
of the National Heart, Lung, and Blood Institute PTCA 
Registry: improvement of at least 20% in the angiographic 
appearance of the stenosis without complications. 
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patients (23%) in group Il. Of 251 patients with | $ 
follow-up of at least 6 months, 109 patients (43%) _ 
became symptomatic. Of 109 symptomatic patients, 4 7 
104 consented to coronary angiography; restenosis _ 
was found in 67 96, progression of narrowing in other | a | 
arteries occurred in 13%, and the remaining pa- __ 
tients were presumed to have large or small vessel - 
vasospasm. The mortality rate for the entire group © 
was 0.8%. When repeat angioplasty was applied tom c 
patients with restenosis, over 80% of the group © 
improved at an average follow-up time of 21 months. | 
Symptomatic restenosis may occur less often when . 
higher balloon inflation pressures are used “uo 
PTCA. 


^u 





2 


(Am J Cardiol 1985;55:673-676) _ 


This group included patients with stable and unstable an- | 
gina but excluded patients with myocardial infarction less E. 
than 24 hours before the procedure. One-vessel coronary . 
artery disease was present in 74% of the patients. Ten pa- - 
tients with multivessel disease underwent PTCA of multiple . 
lesions. a 
Angioplasty was performed as described by Gruentzig et — AS 

al." Gruentzig (USCI) and Simpson-Robert (ACS) catheter 
systems were used. All patients were treated with verapamil — 
Or nifedipine, dipyridamole and aspirin before P'TCA. The * 
aspirin and dipyridamole were used routinely for 3 to 6 months — 
after PTCA. However, in patients (see later) with presumed _ 
coronary vasospasm and selected other patients, calcium — i% 
channel-blocking agents were used for part of or throughout 
the follow-up period. 1 

Ninety-two of the first 100 patients with successful PTCA . | 
consented to coronary angiography and maximal exercise _ 
testing during the first 11 months (mean 6) after PTCA (group _ 
I). The other 159 patients (group II) were questioned about - 
recurrent angina, and maximal exercise tolerance tests were © 
performed in most patients at З and 6 months after PTCA. | 
Coronary angiography was recommended in all patients with _ 
recurrent symptoms or an abnormal exercise tolerance test, 
and performed in 58 cases. 

Restenosis was defined as more than 50% loss of the previ- _ 
ous gain in luminal diameter. | 

A Student t test was used to determine significant predic- | 
tors of restenosis. The chi-square test was used to determine E. 
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ier Results 


PTCA resulted in at least a 20% increase in vessel 
Blanes at the site of the stenosis in 251 of 349 patients 
4 2%). 
_ Of the 92 patients in group I who underwent angiog- 
phy at 6 months, 46 patients were asymptomatic and 
46 had had recurrent symptoms. Restenosis occurred 
- in 37 of 92 patients (40%). Of the 37 patients with re- 
_ stenosis, all but 2 (both of whom had collateral flow to 
"the restenosed vessel) had symptoms. Recurrent 
3 symptoms, but no restenosis, occurred in 11 patients 
(12%); thus, restenosis was the apparent cause of re- 
` current symptoms in 35 of 46 patients (76%). As angi- 
- ographic restenosis was found in only 2 of 46 asymp- 
Elóraatic patients (4%), routine follow-up angiography 
жав no longer performed in asymptomatic patients. 
| The symptomatic status of the 159 group II patients 
Ё who underwent an initially successful PTCA was ob- 
tained by questionnaire or by telephone. Ninety-four 
- of 159 patients (59%) remained asymptomatic, whereas 
_68 (40%) had recurrent symptoms and 2 patients died. 
` Of the 63 symptomatic patients, 58 consented to fol- 
_ low-up cardiac catheterization. Restenosis was present 
in 35 of 58 symptomatic patients (60%). One asymp- 
_ tomatic patient whose exercise tolerance test became 
E abnormal 6 months after P'TCA also had restenosis at 
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catheletizattor. Thenie | endi was itd к 
clinically and confirmed angiographically in 36 of 154 
patients (23%). 

For the entire group of 251 patients with an initially 
successful РТСА and an average follow-up of 21 
months, 140 (5696) remained asymptomatic, 109 (4396) 
had recurrent symptoms and 2 died. Three asymp- 
tomatic patients were found to have restenosis. Of the 
109 symptomatic patients, 104 consented to cardiac 
catheterization. Restenosis was present in 70 of 104 
patients (67%), progression of disease at other sites with 
patent PTCA sites occurred in 14 (13%), and widely 
patent P'T'CA sites in the absence of significant fixed 
coronary atherosclerosis at other sites were found in 20 
(19%). Symptoms in this latter group were believed to 
be a result of coronary vasoconstriction of large or small 
vessels, since no significant fixed atherosclerosis was 
detected at coronary angiography and no evidence of a 
chest wall syndrome was present.2? The identifiable 
restenosis rate for the entire group of 251 patients was 
29%. ''his rate reflects restenosis determined angio- 
graphically in group I and symptomatically in group II 
with angiographic confirmation. 

Figure 1 shows the status and treatment of the 251 
patients in whom the procedure was initially successful. 
Patients in stable condition included those who were 
asymptomatic, as well as those who were symptomatic, 
but in whom restenosis was absent at PTCA sites. 
Symptoms believed to be the result of small- or large- 
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` FIGURE 1. The natural history of 251 patients after undergoing successful percutaneous transluminal coronary angioplasty (PTCA). Most patients 
_ with restenosis may be stabilized by repeat transluminal coronary angioplasty; others require coronary artery bypass surgery (CABG) or medical 
_ therapy (MED). a, includes 6 patients with progression in other vessels and 20 with presumed coronary spasm; b, all patients underwent CABG 
Ё Тог progression in other vessels; с, all patients underwent PTCA for progression at other sites; d, presumed coronary spasm. AMT asymptom- 
айс. 
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| whereas patients with progression of disease at other 
Sites were stabilized by medical therapy, PTCA or cor- 
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onary artery bypass grafting (CABG). Restenosis was 


` treated by repeat PTCA in 58 of 75 patients. Restenosis 
. that occurred a second time was treated by a third 
-= PTCA in 9 of 15 patients. Some patients had restenosis 


not amenable to repeat P'TCA and were managed with 


. medical therapy or CABG. Seven symptomatic patients 


refused cardiac catheterization and were maintained on 
medical therapy. 

After the first P'TCA, 171 patients were stable. Of 
these, 137 are asymptomatic without taking any medi- 
cation, 20 patients had recurrent symptoms with no 
restenosis and the symptoms are controlled with calci- 
um channel-blocking agents, and 6 patients had pro- 
gression of disease in other vessels with patent PTCA 
sites controlled with medication. Progression of disease 
at other sites was responsible for recurrent symptoms 
in 8 additional patients; 4 became stable with P'TCA of 
the new lesion and 4 with CABG. After a second PTCA, 
38 patients are asymptomatic without taking any 
medication, 1 patient had recurrent symptoms with no 
restenosis and the symptoms are controlled with calci- 
um channel-blocking agents, and 1 patient with pro- 


 gression of disease in other vessels with a patent PTCA 
` site underwent CABG. One symptomatic patient be- 


. came clinically stable after successful PTCA for pro- 


gression of disease at a new site. Five patients became 
asymptomatic after they each had a third PTCA. Thus, 
217 of the 251 patients (86%) in whom P'TCA was ini- 
tially successful remained stable after P'TCA, although 
50 of these required multiple PTCA procedures and 5 
required CABG for progression of disease at other sites 
(Fig. 1). 

Two patients had MI during follow-up period. Both 
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PTCA site at necropsy. | 

Restenosis suspected clinically aa conti ues do 
ographically occurred in 35 of 92 patients (3896) in grot 
I and in 36 of 154 (2396) in group II. The following fac 
tors were found to be significant predictors of restenosis: 
(1) residual stenosis greater than 30% (p <0. 0 ) у i 
balloon inflation pressure less than 8 atm (p «0.01), ar 
(3) relative change in stenosis of less than 55% ( | 
« 0.025). Variables that were not significant predi. on й 
of restenosis included: (1) final gradient after PT’ у | 
(2) change in gradient during PTCA, (3) vessel i invc NS | 
(4) sex, and (5) presence of multivessel disease. Residu 
stenosis of less than 30% after PTCA was more likely 
be achieved when balloon inflation pressures of "i 
8 atm were used (p «0.005). 


Discussion 


With the high success and low contia та | 
P'TCA, restenosis after successful P'TCA remain: 
most frequent major problem with the procedure. R e- 
stenosis rates vary from 24 to 43%.4-6 Although seve ral : 
different angiographic definitions of restenosis are now А 
used, loss of 50% of the previous gain іп luminal diam- - 
eter has been shown to include the greatest num bai of . 
patients. М А 

In the first 92 patients with angiographic follow-up 
(group I), “silent” restenosis (i.e., restenosis 2 E 
symptoms) occurred in 2 of 46 patients (4%). This e С 
restenosis rate was less than the 14% rate in the National _ 
Heart, Lung, and Blood Institute PTCA Registry* for or es? 
unclear reasons. On the basis of our low rate of res 
nosis in asymptomatic patients, coronary angiograpl лу * 
was not routinely performed in the final 94 asymp- de 
tomatic patients. e 

Although asymptomatic restenosis was infrequent, A 
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MIs occurred 6 months after PTCA. One underwent it can be devastating when it occurs, as exemplified ho A 
CABG for progression of disease at other sites but had the 2 late deaths in our series. Figure 2 demonstrates 521 
 apatent PTCA site. Two patients died during follow-up: that most patients with symptomatic restenosis man 1-79 
` 1 patient died 3 months after PTCA in an auto accident, fest these symptoms by the third month after angi - 
апа the other, died suddenly 6 months after PTCA. plasty. However, a small number have symptoms as late | 
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rend that more than 95% of patients were without re- 
К ` stenosis 3 years after PTCA if the 6-month (1 to 11 
ФА. month) follow-up angiogram showed a patent angio- 
ы Y plasty site. In fact, improvement in the angiographic 
ee appearance of the stenosis during follow-up was fre- 
. quently observed. Therefore, the role of follow-up an- 
^ Cod and the timing of such studies in asymp- 
_ tomatic patients after PTCA is unclear. 
Several factors could explain the lower rate of 
к © symptomatic restenosis in group II patients. Over the 
. last 5 years, the equipment available for P'TCA has 
` improved. Newer balloons allow greater inflation 
pressures that correlate with improved angiographic 
_ results and a decreased rate of symptomatic restenosis. 
E More than 9046 of group I patients underwent P'TCA 
be with balloons incapable of achieving inflation pressures 
. greater than 6 atm without rupturing. In contrast, over 
` half of group II patients underwent successful PTCA 
_ with balloon inflation pressures of at least 8 atm. Pa- 
_ tients with high residual stenosis or small improvement 
- in the stenosis are also more likely to have symptomatic 
1 ` restenosis. Data from the National Heart, Lung, and 
` Blood Institute PTCA Registry showed severity of ini- 
_ tial stenosis and high initial or final gradient to be sig- 
ү. nificant predictors of restenosis. Other factors that 
. might influence restenosis rates, such as coronary dis- 
_ section at the site of PTCA, location of stenosis within 
ы the vessel (at areas of tortuosity or proximity to 
— branches), serum lipids, etc., need further study. 
` Symptoms after successful P'TCA are primarily a 
` result of restenosis; however, possible spasm and pro- 
— gression of disease at other sites occur in approximately 
- 30% of patients. In our series, 19% of symptomatic pa- 
ain with documented widely patent P'TCA sites could 
— be successfully managed with calcium channel-blocking 
sp aie suggesting that coronary vasospasm at either the 
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symptoms. In 13% of our symptomatic patients, there 
was progression of atherosclerosis at other sites with no 
restenosis of the PTCA site. This percentage is similar 
to data reported by Bourassa et al® in patients with 
progression of disease in nongrafted arteries 1 year after 
CABG. 

Although restenosis after PTCA continues to be an 
important problem, repeat PTCA is effective in most 
cases. Angioplasty for restenosis can be highly successful 
with a low complication rate.? 
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Triamterene 75 mg /Hydrochlorothiazide 50 mg/Lederle 


THE FIRST AND ONLY 
REPLACEMENT FOR THE LESS 
BIOAVAILABLE TRIAMTERENE/ 
HYDROCHLOROTHIAZIDE 
FORMULATION... PROVEN 
SUPERIOR IN BIOAVAILABILITY 


ast page of this advertisement for brief summary of prescribing information. 





NEW, tab gd. 


Triamterene 75 mg/Hydrochlorothiazide 50 mg/Lederle 





DELIVERS THE PRESCRIBED DOSE... 


PROVIDES OPTIMAL ABSORPTION OF 
75 MG TRIAMTERENE/ 


50 MG HYDROCHLOROTHIAZIDE 
A CLINICALLY SAFE AND EFFECTIVE ALTERNATIVE IN 
POTASSIUM-SPARING, ANTIHYPERTENSIVE THERAPY 


—FOR PATIENTS ON HYDROCHLOROTHIAZIDE WHO 
DEVELOP HYPOKALEMIA 


—FOR NEWLY DIAGNOSED PATIENTS IN WHOM THE 
DEVELOPMENT OF HYPOKALEMIA CANNOT BE RISKED 


—FOR PATIENTS TRANSFERRED FROM DYAZIDE * 


For the first time, a reliable alternative to the Dyazide formulation of triamterene 
hydrochlorothiazide — new MAXZIDE. In a transfer safety study, patients taking 
up to four Dyazide capsules daily were effectively transferred to MAXZIDE q.d. 
with no compromise in clinical condition.’ 


* Trademark of SK&F Co., Carolina, Р.К. 





SUPERIOR DRUG DELIVERY AND ABSORPTION — 
TABLET TO TABLET, PATIENT TO PATIENT 


MAXZIDE is optimally bioavailable and consistently delivers the 
“age dose of 75 mg triamterene and 50 mg hydrochlorothiazide. 

yazide, on the other hand, exhibits poor bioavailability. When given in 
equivalent doses, Dyazide delivers approximately half the amount of 
hydrochlorothiazide as MAXZIDE. Similarly, two Dyazide capsules deliver 
less than half the amount of triamterene as one MAXZIDE tablet.’ 


Percent dose of hydrochlorothiazide Percent dose of triamterene recovered from 
recovered from urine over 72 hours in subjects? urine over 72 hours in subjects? given single 
given single oral doses oral doses 


Standard 
Deviation 
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Deviation 


Percent Dose Triamterene plus Hydroxytriamterene Sulfate 


Recovered from Urine Over 72 hours 





*Data from a study of 24 subjects. *Data from two studies of 24 subjects each. 
PHydroDIURIL is the registered trademark of Merck & Co., Inc., for 
hydrochlorothiazide. 
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Inamterene 75 mg/Hydrochlorothiazide 50 mg /Lederle 





HYDROCHLOROTHIAZIDE 
EFFECTIVENESS WITH THE OPTIMAL 
DOSE OF TRIAMTERENE FOR 
POTASSIUM CONSERVATION 


PROVEN FORMULATION 
MAXIMIZES POTASSIUM-SPARING EFFECT 
OF TRIAMTERENE 


In a clinical dose-response evaluation, 75 mg triamterene daily 
most successfully corrected the hypokalemic effect of repeated 
daily doses of 50 mg hydrochlorothiazide.* 


Dose-response evaluation of triamterene's 
potassium-sparing activity in patients? 
rendered hypokalemic with long-term daily 
doses of 50 mg hydrochlorothiazide 


*Ordinarily, triamterene does not entirely reverse the kaliuretic effect of hydrochlorothiazide. 


Change in Serum K* from Baseline in mEq/L 





*Data from a study of 49 patients. 





CLINICALLY SAFE AND WELL TOLERATED 


MAXZIDE can be prescribed with confidence for patients transferred 
from Dyazide to provide the administered dose of hydrochlorothiazide 
while maintaining clinically acceptable serum potassium levels. Patients 
previously receiving no diuretic medication and patients previously taking 
up to four Dyazide capsules daily have been successfully treated with 
MAXZIDE q.d. with no compromise in clinical condition." 

References: 1. Williams RL, Clark T, Blume CD: Clinical experience with a new combination formulation of triamterene and hydrochlorothiazide (Maxzide) in patients with 


mild to moderate hypertension. Am J Med 1984; 77(5A):62-66. 2. Blume CD, Williams RL, Upton RA, et al: Bioequivalency study of a new tablet formulation of triamterene 
and hydrochlorothiazide. Am J Med 1984; 77(5A):59-61. 3. Blume CD, Williams RL: A new antihypertensive agent: MAXZIDE. Am] Med 1984; 77(5A):52-58. 


No clinically significant changes in serum 
potassium levels after 4 weeks of therapy with 
MAXZIDE one tablet q.d. in 138 patients pre- 
viously untreated or transferred from Dyazide 
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Serum Potassium (mEq/L) 
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Mean 


Standard 
Deviation 





All dose ratios listed as triamterene in mg/hydrochlorothiazide in mg. 

‘Abnormal elevation of serum potassium levels (2 5.5 mEg/liter) can occur with all potassium-conserving diuretic combinations, including 
MAXZIDE. Hyperkalemia is more likely to occur in patients with renal impairment, diabetes (even without evidence of renal impairment), or 
in elderly or severely ill patients. Since uncorrected hyperkalemia may be fatal, serum potassium levels must be monitored at frequent intervals 
especially in patients first receiving MAXZIDE, when dosages are changed or with any illness that may influence renal function. 
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Tramterene 75 mg / Hydrochlorothiazide 50 mg/Lederle 





FOR PATIENTS ON HYDROCHLOROTHIAZIDE WHO DEVELOP HYPOKALEMIA 
FOR NEWLY DIAGNOSED PATIENTS INWHOM THE DEVELOPMENT OF 


HYPOKALEMIA CANNOT BE RISKED 


FOR PATIENTS TRANSFERRED FROM DYAZIDE 


BRIEF SUMMARY 

Please ve yi insert for full prescribing information. 

INDICATIONS AND USAGE: MAXZIDE is indicated for the treatment of hypertension 
or edema in patients who develop hypokalemia on hydrochlorothiazide alone. It is 
also indicated for those patients who require a thiazide diuretic and in whom the 
development of hypokalemia cannot be risked (e.g., patients on digitalis prepara- 
tions or with a history of cardiac arrhythmias, etc.). This fixed combination drug Is 
not indicated for the initial therapy of edema or = ayia aang except in individuals 
in whom the development of hypokalemla canno risked. MAXZIDE may be used 
alone or in combination with other antihypertensive drugs such as beta-blockers. 
Since MAXZIDE may enhance the actions of these стир, dosage adjustments тау 
be necessary. Usage in Pregnancy: The routine use of diuretics in an otherwise 
healthy woman is inappropriate and exposes mother and fetus to unnecessary haz- 
ards. Diuretics do not prevent development of toxemia in pregnancy, and there is no 
satisfactory evidence that they are useful in the treatment of developed toxemia. 
CONTRAINDICATIONS: Hyperkalemia: MAXZIDE should not be used in the presence 
of elevated serum potassium levels (greater than 5.5 mEq/liter). If hyperkalemia 
develops, this drug should be discontinued and a thiazide alone should be substi- 
tuted. Concomitant use with other potassium conserving agents such as spirono- 
lactone, amiloride НС! or other formulations containing triamterene. Concomitant 
potassium supplementation in the form of medication, potassium-containing salt 
substitute or potassium-enriched diets should also not be used. Contraindicated 
in patients with anuria, acute and chronic renal insufficiency or significant renal 
impairment. Hypersensitivity to either component separately or other sulfonamide- 
derived drugs. 

WARNINGS: Hyperkalemia. 


Abnormal elevation of serum potassium levels (greater than or equal to 5.5 
mEq/liter) can occur with all potassium conserving agents including MAXZIDE. 
Hyperkalemia is more likely to occur in patients with renal impairment, diabe- 
tes (even without evidence of renal impairment), or elderly or severely ill 





patients. Since uncorrected hyperkalemia may be fatal, serum potassium lev- 
els must be monitored at frequent intervals especially in patients first receiv- 
ing MAXZIDE, when dosages are changed, or with any illness that may 
influence renal function. 





If hyperkalemia is suspected, (warning signs include paresthesias, muscular 
weakness, fatigue, flaccid paralysis of the extg@mities, bradycardia and shock) an 
electrocardiogram (ECG) should be obtained, Monitor serundpoptassium levels 
because mild hyperkalemia may not be asg@@fated with ECG & npes If hyperkales 
mia ls present, MAXZIDE should be discontinued immediately ап 
should be substituted. If the serum potéss 
vigorous therapy is required. The cliníCallSituation dict, 


es the procedures ‘обе 
employed. These include the intravenous administration. | 
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with remi n epit d diuretics is 
ment (see CONTRAINDICATIONS). Pāti 
should not receive this drug withodt fr 
electrolytes. Cumulative drug effect 
renal function. The renal clearanges of hydrochlorothiazide, the pharmacologically 
active metabolite of triamterenéyand the sulfate ester of hydroxytriamterene have 
been shown to be reduced and the plasma levels increased following MAXZIDE 
administration to elderly patients and patients with impaired renal function. Hyper- 
kalemia has been reported in diabetic patients with the use of potassium conserv- 
ing agents even in the absence of apparent renal impairment. Avoid MAXZIDE in 
diabetic patients. If it is employed, serum electrolytes must be frequently moni- 
tored. Metabolic or Respiratory Acidosis: Potassium conserving therapy should also 
be avoided in severely ill patients їп whom respiratory or metabolic acidosis may 
occur, since acidosis may be associated with rapid elevations in serum potassium 
levels. If MAXZIDE™ triamterene 75mg/hydrochlorothiazide 50mg is employed, 
frequent evaluations of acid/base balance and serum electrolytes are necessary 
PRECAUTIONS: Electrolyte Imbalance and BUN Increases: Patients receiving 
MAXZIDE should be carefully monitored for fluid or electrolyte imbalances, i.e., 
hyponatremia, hypochloremic alkalosis, hypokalemia and hypomagnesemia. 

erum and urine electrolyte determinations should be frequently performed and 
are especially important when the patient is vomiting or receiving parenteral fluids. 
Warning signs or symptoms of fluid and electrolyte imbalance include: dryness of 
mouth, thirst, weakness, lethargy, drowsiness, restlessness, muscle pains or 
cramps, muscular fatigue, hypotension, oliguria, tachycardia and gastrointestinal 
disturbances such as nausea and vomiting. 

Any chloride deficit during thiazide therapy is generally mild and usually does not 
require any specific treatment except under extraordinary circumstances (as in 
iiver disease or renal disease). Dilutional hyponatremia may occur in edematous 
patients in hot weather; appropriate therapy is water restriction, rather than admin- 
istration of salt, except in rare instances when the hyponatremia is life threaten- 
ing. In actual salt depletion, appropriate replacement is the therapy of choice. 

Hypokalemia may develop with thiazide therapy, especially with brisk diuresis, 
when severe cirrhosis is present, or during concomitant use of corticosteroids, 
ACTH, amphotericin B or after prolonged thiazide therapy. However, hypokalemia of 
this type is usually prevented by the triamterene component of MAXZIDE f 

Interference with adequate oral electrolyte intake will also contribute to hypoka- 
iemia. Hypokalemia can sensitize or exaggerate the response of the heart to the 
toxic effects of digitalis (e.g., increased ventricular irritability). 

MAXZIDE may produce an elevated blood urea nitrogen level (BUN), creatinine 
level or both. This is probably not the result of renal toxicity but is secondary to a 
reversible reduction of the glomerular filtration rate or a depletion of the intravas- 
cular fluid volume. Periodic BUN and creatinine determinations should be made 
especially in elderly patients, patients with suspected or confirmed hepatic disease 
or renal insufficiencies. If azotemia increases, MAXZIDE should be discontinued. 
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Hepatic Coma: MAXZIDE should be used with caution in patients with impaired 
hepatic function or progressive liver disease, since minor alterations of fluid and 
electrolyte balance may precipitate hepatic coma. Renal Stones: Triamterene has 
been reported in renal stones in association with other calculus components. 
MAXZIDE should be used with caution in patients with histories of renal lithiasis. 
Folic Acid Deficiency: Triamterene is a weak folic acid antagonist and may contrib- 
ute to the appearance of megaloblastosis in instances where folic acid stores are 
decreased. In such patients, periodic blood evaluations are recommended. Hyper- 
uricemia: Hyperuricemia пау occur or acute gout may be precipitated in certain 
patients receiving thiazide therapy. Metabolic and Endocrine Effects: The thiazides 
may decrease serum PBI levels without signs of thyroid disturbance. 

alcium excretion is decreased by thiazides. Pathological changes in the para- 
thyroid gland with hypercalcemia and hypophosphatemia have been observed in a 
few patients on prolonged thiazide therapy. The common complications of hyper- 
parathyroidism such as renal lithiasis, bone resorption, and peptic ulceration have 
not been seen. Thiazides should be discontinued before carrying out tests for para- 
thyroid function. 

Insulin requirements in diabetic patients may be increased, decreased or 
unchanged. Latent diabetes mellitus may become manifest during thiazide admin- 
istration. Hypersensitivity: Sensitivity reactions to thiazides may occur in patients 
with or without a history of allergy or bronchial asthma. 

Possible exacerbation or activation of systemic lupus erythematosus by thiazides 
has been reported. Drug Interactions: Thiazides may add to or potentiate the action 
of other antihypertensive drugs. 

The thiazides may decrease arterial responsiveness to norepinephrine. This 
diminution is not sufficient to preclude effectiveness of Ше pressor agent for thera- 
peutic use. Thiazides have also been shown to increase responsiveness to 
tubocurarine. e^ 

Lithium, when given with diuretics, reduces renal с[ёйїапсе and increases the 
risk of lithium toxicity. Refer to the package insert on Шит before use of such 
concomitant therapy. аг 

Acut@fenal failure has been reported in a few pa 
and other formulations containing triamterene aad, 


LU yOrochlorothiazide. Caution is 
thergfüre advised when administering nonsteroidalanti-inflammatory agents with 


M E P ee ioe’ ‘f 4 
1 Laboratory Test [afÉrac ins. та огеле о quinidine have similar 


scence spectra; tës MAXZIDE i nterfg with the measurement of 
Ж УА ЖЕЎ ‹ 


: Cat C: The Safe use of MAXZIDE in pregnancy has not been 
. Animal'reprodugtion studies haye not bgn conducted with 

| ne 75 drechiorothi (50mg. It is also not known if 
] П отип! ѕіегёа to a pregnant woman or can 
i Thiazides Cross the placental barrier and appear in 









ts receiving indomethacin 










į adverse reactions wae! te occurred in the adult. MAXZIDE should be given to a 


pregnant woman only if@learly needed. 
Nursing Mothers: Thiazides appear in breast milk. If the use of MAXZIDE is 
deemed essential, thë patient should stop nursing. Pediatric Use: The safety and 
effectiveness of M. E in children has not been established. 

ADVERSE REACTIONS: Side effects observed in association with the use of 
MAXZIDE include drowsiness and fatigue, insomnia, muscle cramps and weak- 
ness, headache, nausea, appetite disturbance, vomiting, diarrhea, constipation, 
dizziness, decreased sexual performance, shortness of breath and chest pain, dry 
mouth, depression and anxiety These adverse reactions are common to other 
асте апа hydrochlorothiazide containing products. Other adverse reactions 
include: 

Hydrochlorothiazide: 

Gastrointestinal: anorexia, gastric irritation, срок онхое (intrahepatic 
cholestatic jaundice), pancreatitis, sialadenitis. Central Nervous System: vertigo, 
paresthesias, xanthopsia. Hematologic: leukopenia, аргагиюсуюзів, thrombocy- 
topenia, aplastic anemia, hemolytic anemia, megaloblastosis. Cardiovascular: 
orthostatic hypotension (may be aggravated by alcohol, barbiturates, or narcotics). 
Hypersensitivity: anaphylaxis, purpura, photosensitivity, rash, urticaria, necrotiz- 
ing angiitis (vasculitis, cutaneous vasculitis), fever, respiratory distress including 
pneumonitis. Other: hyperglycemia. glycosuria, hyperuricemia, restlessness, tran- 
sient blurred vision. 

Triamterene: 

Hypersensitivity: anaphylaxis, photosensitivity and rash. Other: Triamterene has 
been reported in renal stones in association with other calculus materials. Triam- 
terene has been associated with blood dyscrasias. Whenever adverse reactions 
are moderate to severe, therapy should be reduced or withdrawn. 

DOSAGE AND ADMINISTRATION: The recommended dosage of MAXZIDE is one tab- 
let daily with appropriate monitoring of serum potassium levels (see WARNINGS). 
Patients drei, К О mg of hydrochlorothiazide who become hypokalemic may be 
transferred to MAXZIDE directly. In patients requiring 50 mg of hydrochlorothiazide 
in whom hypokalemia cannot be risked, therapy may be initiated with MAXZIDE. 
There is no clinical experience with doses exceeding one tablet daily. 
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Paradoxical Deterioration of Left Ventricular Asynergy 
After Administration of Nitroglycerin 


CHUWA ТЕ!, MD, KENNETH CHIN, MD, С. VIJAYARAGHAVAN, MD, 
CHESTER M. BOLTWOOD, MD, and PRAVIN M. SHAH, MD 





The effects of nitroglycerin on segmental asynergy dyskinetic. Of 720 segments, 596 were agreed on 
were studied by 2-dimensional echocardiography. by 2 observers in the assessment of wall motion 
Forty-five patients with coronary artery disease and before and after administration of nitroglycerin: 334 
segmental wall motion abnormality at rest were segments (56 % ) showed no change in wall motion, 
examined, 31 with Q-wave and 14 with only ST-T 206 (3596) showed improvement of wall motion and 
abnormalities. Left ventricular (LV) echocardio- 56 (996) showed worsening of myocardial asynergy 
grams were recorded from the LV apex in 4 planes, after nitroglycerin. These data suggest that admin- 
obtained by systematically rotating the transducer istration of nitroglycerin may result in unexpected 
at 45? intervals around the mitral orifice, using a worsening of segmental asynergy. This may be 
mechanical device. Sixteen LV segments were secondary to an adverse effect of a decrease in 


analyzed in each patient on real-time display by 2 perfusion pressure in critically occluded arteries or 
observers independently. The wall motion analysis may represent a coronary steal phenomenon. 





was classified as normal, hypokinetic, akinetic or (Am J Cardiol 1985;55:677-679) 
The effect of sublingual nitroglycerin on left ventricular Methods 

(LV) En gu КА s er bs. pst ag s rtery t Patients: The study group consisted of 45 men, mean age 
(CAD) as been stu теп Dy many mv estigators. ) 59 years (range +12), with chronic CAD. Patients with asso- 
asynergy improves with nitroglycerin administration, ciated valvular heart disease or congestive cardiac failure were 
but such improvements do not directly correlate with excluded. Diagnosis of CAD was based on clinical history, 
the magnitude of hemodynamic changes.! Improved electrocardiography and selective coronary arteriography in 
contractility of an asynergic segment after nitroglycerin 26 patients. These patients represent a select group of persons 
may indicate that these segments consist of viable, who had segmental LV asynergy at rest from whom a good 
chronically ischemic myocardium. However, response quality 2-D echo could be recorded. In 31 patients, previous 
to nitroglycerin might be different in each segment in myocardial infarction Was confirmed by clinical history and | 
the same heart. Visualization of the left ventricle has abnormal Q waves on the electrocardiogram. Fourteen pa- 


tients had chest pain and ST-T changes induced by exercise 
treadmill test. Selective coronary arteriography was per- 
formed within 24 hours after the echo study in 26 patients. 
Eleven patients had 1-vessel, 10 patients had 2-vessel and 5 


been achieved by 2-dimensional echocardiography (2-D 
echo). We describe multiple views from the apex ob- 
tained by rotating the transducer at 45° increments 


lr eta ru. „7 


using an inclinometer,® as a reliable method for imaging patients 3-vessel CAD. 

all LV segments. We adopted this technique to study Method of recording multiple apical cross-sectional 
the effects of nitroglycerin on LV asynergy in patients echocardiograms: Patients were studied in the partial left 
with chronic CAD. lateral decubitus position using a commercially available - 


system (Varian-3000). Real-time 2-D echoes were recorded 
on one-half-inch videotape and the images were replayed in 





From the Department of Medicine, University of California School of real time, slow motion and in single frames for detailed anal- _ 
Medicine and Wadsworth Veterans Administration Medical Center, Los ysis. The transducer was mounted on an inclinometer,® which 
Angeles, California. This study was supported in part by the Arthur Dodd has a fluid-filled chamber that contains an air bubble for 


Fuller Foundation for Cardiovascular Research, Los Angeles, California, 
and Veterans Administration Medical research funds. Manuscript re- 
ceived January 24, 1984; revised manuscript received November 13, 
1984, accepted November 16, 1984. 


measuring its rotational movements. The transducer was 
placed over the LV apex to record the apical 4-chamber view. 
In this view the inclinometer is so mounted that the air bubble 


Dr. Tei's current address and address for reprints: Chuwa Tei, MD, r eads 0°. Additional 4 apical views were obtained by system- 
The First Department of Internal Medicine, Faculty of Medicine, Ka- atically rotating the transducer in a clockwise direction by 45° 
goshima University, 890 Kagoshima, Japan. at a time. The apical 4-chamber view images the midseptum 
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` TABLE! Response of Asynergic састы js 





hl Nitroglycerin (NTG) 

МА Before NTG Response After NTG 

- Segmental (No. of — a EEN FLEE LT a GE 
ب‎ Wall Motion Segments) Same Improved Worsened 
— . Normal 252 (42%) 137 (54%) 115 (46%) 0 


. Hypokinetic 193 (32%) 119 (62%) 60(31%) 14(7%) 
АКїпеїїс 101(17%) 57 (566%)  28(2896) 16(16%) 
` Dyskinetic 50 (8%) 21(42%) 3(6%) 26 (52%) 


.. Total 596 334 (56%) 206 (35%) 56 (9%) 


С du 


. and the posterolateral LV wall. On 45° rotation of the trans- 
.. ducer, the anterior interventricular septum and the posterior 
_ LV wall are imaged. Further rotation of the transducer images 
К the anterior and the posteromedial LV wall. Оп rotating the 
_ transducer for 135°, a portion of the right ventricle is often 
` seen, and the lateral wall and posterior septum are imaged. 
` This systematic imaging technique facilitates visualization 
З of entire circumference of the LV wall from apex to base for 
_ analysis of segmental wall motion. Each plane was recorded 
. on videotape for 10 cardiac cycles during breath held in ex- 
_ piration. Recording of 2-D echo in each plane was done within 
` about 2 minutes. 
. Nitroglycerin provocation: After recording the multiple 
` apical 2-D echo, heart rate and blood pressure were recorded. 
. Then, 0.4 mg of nitroglycerin was administered sublin- 
. gually. Five minutes later, changes in heart rate and blood 
- pressure were noted and 2-D echo was repeated as previously 
described. 
_ Analysis of segmental wall motion: Segmental wall mo- 
за analysis was done visually on real-time display by 2 ob- 
servers independently. The LV wall was divided into 4 seg- 
ments (2 basal and 2 apical) in each plane, and 16 segments 
(in 4 cross sections) of LV wall were analyzed in each patient 
before and after administration of nitroglycerin. Wall motion 
was visually classified as normal, hypokinetic, akinetic or 
dyskinetic. 


Results 


Four segments in each of the 4 apical views in 45 pa- 
| tients yielded a total of 720 segments for analysis. Of 
- these, 596 (83%) were agreed on by 2 independent ob- 
Servers in the assessment of wall motion before and after 
nitroglycerin. The effects of nitroglycerin, therefore, 
_ were analyzed in the 596 segments. Table I is a summary 
of the observations before and after nitroglycerin ad- 
 ministration. Before nitroglycerin, normal wall motion 
was observed in 252 segments (42%), hypokinesia in 193 
` (8295) and akinesia in 101 (17%); 50 segments (8%) were 
- dyskinetic. 

` Nitroglycerin produced a significant increase of heart 

rate, which increased from 73 + 17 to 81 + 17 (mean + 

standard deviation) (p <0.001). Systolic arterial blood 

pressure decreased from 120 + 24 to 108 + 20 mm Hg 
(p <0.001). The diastolic blood pressure decreased from 

78 + 13 to 73 + 12 mm Hg (p <0.001). 

_ Response of asynergic segments to nitroglycerin: 
Asynergy remained unchanged in 334 segments (53%). 
Contractility had improved in 206 segments (35%). 
However, 56 segments (9%) showed worsening of the 
wall motion abnormality (Table I). In 24 patients, 42 
segments showed minimal worsening of asynergy. Six- 
teen akinetic segments became dyskinetic after nitro- 
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А administration and 26 dyskinetic геод 
became more dyskinetic. This worsening asynergy 
was observed in 26 posterior wall segments, 4 an- 
terior wall segments and in 12 relating the interven- 
tricular septum. Twenty-six segments were apical and 
16 basal. 

In 7 patients, 14 segments showed marked worsening 
of asynergy. These hypokinetic segments became aki- 
netic in 4 and dyskinetic in 3 patients. Such worsening 
of asynergy occurred in 3 segments over the anterior 
wall, 6 segments over the posterior wall and 5 segments 
in the interventricular septum. Ten of these segments 
were apical and 4 were basal. Decrease of mean arterial 
blood pressure after nitroglycerin administration was 
similar in patients who showed marked worsening of 
asynergy (8 + 2 mm Hg) and in those who showed im- 
proved asynergy or no response (7 + 2 mm Hg). 

The worsening of asynergy was observed in 3 of 11 
patients (27%) with 1-vessel disease, in 5 of 10 (50%) 
with 2-vessel disease, and in 4 of 5 (80%) with 3-vessel 
disease. 


Discussion 


Nitroglycerin improves the overall performance of the 
ischemic myocardium by its effects on the systemic and 
coronary circulation. A reduction in preload and after- 
load as well as dilatation of coronary arteries are thought 
to result in improvement of ischemia. In addition, ni- 
troglycerin has been suggested to increase regional 
myocardial perfusion by dilating coronary collateral 
vessels supplying ischemic areas. This finding could 
result in a favorable redistribution of myocardial blood 
flow, although the total coronary blood flow may not 
change.?7-1? Bodenheimer et al," in a correlative his- 
topathologic study, reported that areas of ischemic 
ventricle that respond to nitroglycerin contain histo- 
logically normal myocardium, whereas the unrespon- 
sive areas contain mostly fibrous tissue or necrotic 
myocardium. 

In the present study we observed worsening of re- 
gional asynergy after administration of 0.4 mg of sub- 
lingual nitroglycerin in 27 patients. These qualitative 
observations were striking and found by independent 
observers. Mechanical tethering of a passively moving 
dyskinetic segment may be accentuated by hyper- 
function of adjacent normal myocardium in response 
to drug administration. It may thus cause a visual im- 
pression of increase in the dyskinetic motion. However, 
transformations of hypokinetic segments to akinetic or 
dyskinetic segments require a physiologic explanation. 
This was observed in 7 patients in this study. Regional 
coronary blood flow in these patients may be critically 
dependent on the mean arterial blood pressure. Al- 
though no significant difference in the magnitude of 
blood pressure reduction was noted in patients showing 
worsening of asynergy, a modest decrease in mean ar- 
terial blood pressure after administration of nitroglyc- 
erin may worsen severity of chronic ischemia in wall 
segments supplied by critically stenosed arteries with 
consequent worsening of regional asynergy. Two pa- 
tients in this group underwent selective coronary arte- 
riography. One patient had 3-vessel and another had 
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` angiographic studies, this speculation cannot be con- 
firmed. It has been postulated that collateral vessels 
arising in ischemic areas may not be affected by sub- 
lingual nitroglycerin, because they are already maxi- 
mally dilated as a result of ischemia. However, blood 
flow through collateral vessels arising from critically 
stenosed vessels could be adversely affected by nitro- 
glycerin administration, because blood flow through 
them is totally dependent on mean arterial blood 
pressure. Under such circumstances coronary vasodi- 
lators may cause a “coronary steal phenomenon” by 
dilating coronary resistance vessels in nonischemic re- 
gions of the heart.!? This could worsen the perfusion in 
the ischemic segments of myocardium. Farnham et 
al!? reported worsening of asynergy in LV angiograms 
done before and after nitroprusside in one-third of 
their patients. They also believed that nitroprusside- 
induced impairment of segmental wall motion may re- 
flect increased ischemia in areas of highly pressure- 
dependent flow with critically stenosed coronary 
arteries.!? More recently, Sasayama et а!“ reported that 
there was significant heterogeneity in regional response 
to nitroglycerin. 

A practical implication of this study is that nitro- 
glycerin may worsen ischemic LV dysfunction in some 
patients. Thus, a rational approach to its use in a given 
patient apparently should be preceded by documenta- 
tion of its effects on regional myocardial function. 
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Clinical and Hemodynamic Evaluation of Propranolol 
in Combination with Verapamil, Nifedipine and Diltiazem 
in Exertional Angina Pectoris: A Placebo-Controlled, 
Double-Blind, Randomized, Crossover Study 


DONALD L. JOHNSTON, MD, ROBERT LESOWAY, MD, DENNIS P. HUMEN, MD, 
and WILLIAM J. KOSTUK, MD, With the technical assistance of PAMELA MICKLE, BScN 





The clinical and hemodynamic effects of propran- 
olol, propranolol-verapamil (P-V), propranolol-ni- 
fedipine (P-N) and propranolol-diltiazem (P-D) were 
_ Studied in 19 patients with chronic exertional angina 
pectoris. A placebo-controlled, double-blind, ran- 
- domized, crossover study design was used in which 
patients took each treatment for a 4-week period. 
The 3 combinations equally reduced the incidence 
of angina attacks and decreased ST-segment de- 
pression. Left ventricular hypokinesia during exer- 
cise was lessened and end-systolic volume during 
. exercise decreased with all combinations. Because 
of a corresponding reduction of normokinetic seg- 
mental function, global ejection fraction during ex- 
ercise remained unchanged. Heart size increased 
(р <0.05) and the PR interval lengthened (p 


« 0.001) with P-V and P-D compared to P-N. The 
largest number of adverse clinical reactions oc- 
curred with P-V, whereas the fewest occurred with 
P-D. Almost all patients preferred combined therapy 
over propranolol and many favored 1 combination 
over the others. In summary, when therapy with 
combined 8- and calcium channel-blocking drugs 
is planned, P-D should be considered the combi- 
nation of first choice because of its low incidence 
of adverse clinical effects. In the presence of pos- 
sible or definite abnormalities of atrioventricular 
nodal conduction or decreased left ventricular 
function, P-N should be considered. Although P-V 
is associated with frequent adverse reactions, a trial 
may be warranted if the other combinations are un- 
successful. (Am J Cardiol 1985;55:680-687) 





The calcium channel-blocking agents verapamil, ni- 
fedipine and diltiazem act mainly by inhibiting myo- 
tonic tone of venous and arterial vessels, and thereby 
diminish both ventricular preload and afterload.! These 
agents also have a well-documented direct inhibitory 
effect on coronary vessel tone.! These properties are not 
characteristic of 8-blocking drugs and provide a ratio- 
nale for the combination of calcium channel-blocking 
and -blocking drugs for the treatment of angina pec- 
toris. Variations in relative inotropic, chronotropic and 
vasodilatory properties of the calcium blockers have 
been well documented and suggest that patients may 
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not all respond similarly to calcium channel blockade.? 
Although several studies have examined combined 
calcium channel and 8 blockade for the treatment of 
angina,?-1? few studies have compared the various 
combinations. The purpose of this study was to compare 
the effects of 3 frequently used combinations: pro- 
pranolol-verapamil (P-V), propranolol-nifedipine (P-N) 
and propranolol-diltiazem (P-D) in patients with ex- 
ertional angina pectoris and to determine if 1 of the 
combinations was superior to the others. In addition to 
recording the clinical response, left ventricular (LV) 
function was evaluated at rest and during symptom- 
limited exercise with supine equilibrium radionuclide 
ventriculography. 


Methods 


Patients: Twenty-one men and 1 woman, aged 44 to 67 
years (mean 59 + 7), were entered into the study. The patients 
were in Canadian Cardiovascular Society functional class III 
before study entry, when they were receiving maximally tol- 
erated -blocking therapy and oral isosorbide dinitrate. 
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During this time, all patients had a positive treadmill exercise 
test response, defined as horizontal or downsloping ST-seg- 
ment depression of >1 mm and angina despite a reduction in 
heart rates at rest and during exercise to at least 60 and 120 
beats/min, respectively. The PR interval at rest was <0.2 
second and the QRS complex was <0.12 second in all patients. 
Sinus rhythm was present at rest and during exercise in all 
patients. Seven patients had a myocardial infarction docu- 
mented electrocardiographically or with cardiac enzyme levels 
more than 6 months before the study. Twenty patients pre- 
viously underwent cardiac catheterization and all had sig- 
nificant coronary artery disease, as defined by 250% diameter 
narrowing of at least 1 coronary artery. Seven, 5 and 8 patients 
had 1-, 2- and 3-vessel coronary artery disease, respectively. 
Four patients had undergone coronary artery bypass grafting 
and all had 3-vessel coronary artery disease. No patient had 
evidence of other cardiac disease, peripheral vascular disease, 
chronic obstructive pulmonary disease, hypertension or heart 
failure on physical examination. 

Study design (Fig. 1): Patients who met the criteria for 
study entry were instructed to gradually reduce and discon- 
tinue their previous antianginal therapy over a 1-week period. 
This was followed by a 1-week control period during which 
patients took only sublingual nitrates for pain relief. Cardiac 
stability without prophylactic antianginal therapy was as- 
sessed during this period, and any patient who had episodes 
of prolonged angina unrelieved by nitrates or angina at rest 
was excluded from the study. After this preliminary assess- 
ment period, patients entered a 2-week, single-blind placebo 
period during which the patient was unaware of the contents 
of the capsules. At the end of the placebo period, patients 
underwent a complete history and physical examination, 
followed by supine bicycle exercise and radionuclide ven- 
triculography. Patient diaries were kept in which anginal 
symptoms and adverse reactions were recorded on a daily 
basis. These were reviewed and the remaining pills counted. 
After exercise testing, patients were instructed to begin 
down-titrating the placebo over a 4-day period and to continue 
without any treatment for a further 3 days. Four, 4-week pe- 
riods of active medication were then given in a randomized, 
double-blind, crossover fashion, each begun without dose ti- 
tration. Medication was assigned by the pharmacy depart- 
ment with the use of a table of random numbers. The same 
exercise protocol used to test the placebo was repeated after 
each 4-week period of treatment. Each test was done at ap- 
proximately the same time of day and care was taken to ensure 
that patients ingested their last dose of medication approxi- 
mately 2 hours before the exercise test. After each 4-week 
period of treatment, patients down-titrated the medication 
over 4 days and continued without any medication for a fur- 
ther 3 days. The duration of each active treatment was 4 weeks 
followed by 1 week of weaning. To assess the validity of a 
nonrandomized placebo period, a 2-week placebo period fol- 
lowed the randomized portion of the study. 

For each treatment period, patients received 3 bottles of 
medication. Medication was packed in gelatin capsules and 
given in the following manner: placebo; propranolol (P), 40 
mg 4 times daily; verapamil, 120 mg 3 times daily; nifedipine, 
20 mg 3 times daily; and diltiazem, 60 mg 4 times daily. Each 
capsule in bottle 1 contained P, 40 mg, or placebo; 1 capsule 
was given 3 times daily and at bedtime. Each capsule in bottle 
2 contained verapamil, 60 mg; nifedipine, 10 mg; diltiazem, 
30 mg; or placebo. Two capsules were given 3 times daily. Each 
capsule in bottle 3 contained diltiazem, 30 mg, or placebo. T'wo 
capsules were given at bedtime. This medication was sup- 
plemented by sublingual nitrates as necessary. Two patients 
required oral nitrates for control of angina during the study, 
but both discontinued this drug 24 hours before exercise 












testing. Patients were гидей 2 ы ‘after begin. ac 
ning each new treatment to assess alterations in angina | | 
symptoms. k 

Radionuclide ventriculography: Supine, electrocardio- _ 
graphic multigated, equilibrium radionuclide ventriculog- * 
raphy was performed at rest and during symptom lin 
exercise using previously described methods.9:14 Patients - 
commenced supine exercise with an initial workload of 25 №, - 
and this was increased successively by 25 W every 3 minutes | 
until termination of exercise because of symptoms.!4 LV 

ejection fraction (EF) was derived by first identifying a - 
background region of interest of approximately 50 to 100 - 
pixels along the region of the inferolateral LV free wall of the ; 
end-systolic frame. After smoothing and background sub- - 
traction, a region of interest was drawn manually around the _ 
left ventricle at end-systole and end-diastole (рте : 
identified from the LV time-activity curve) using an end- - 
less-loop cine display to improve edge detection. This was. 4 
performed on 3 separate occasions and an average of the 3 ~ 
count measurements for each of the frames was used to 
calculate EF. 

Using previously described principles,!516 septal, apical ande 
lateral regional EFs were derived for the left ventricle. The _ 
3 regions were identified by placing operator-defined radii to 5 
the outer edge of the left ventricle, taking саге to exclude the _ 
mitral and aortic valve planes. Regional EFs were measured _ 
on 3 occasions and an average value was obtained. Each re- 
gional value was then normalized by dividing it by the mean _ 
normal EF for that region, which was previously determined _ 
in 23 healthy subjects. Normalized values that were <80% of _ 
the mean normal value were considered to be hypokinetic, $ | 
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whereas values > 80% were considered to be normokinetic. | 
T'o calculate absolute radionuclide-derived LV volumes, 
we used a count-based, nongeometric method without indi- _ 
vidual attenuation correction based on techniques previously - 
described. Averaged end-diastolic and end-systolic count — 
measurements were generated in a fashion similar to that used _ 
for the calculation of global EF. To compare the derivation | т 
of radionuclide volumes with contrast angiography, a separate _ 
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FIGURE 1. Protocol. The study consisted of 2 single-blind placebo ~ 4 
periods and 4 double-blind treatment periods. After weaning from their _ 
previous medication, patients entered a 1-week period during which = 
cardiac stability without antianginal medication was assessed. Patients 
were then entered into a 2-week, single-blind (patient unaware of | 
medication content), placebo period. This was followed by four 4-week _ 
treatment periods given in a double-blind, randomized, crossover 
fashion. The study was concluded after a second, 2-week, single-blind 
placebo period. 








c- Placebo Propranolol P-V P-N Р-р 
— 
` Fatigue 1 1 3 1 3 
. Constipation 1 6 
. Dyspnea 1 1 EL 
ое 1 1 
. Impotence 1 2 1 1 
. Orthostatic 1 1 2 4 
__ dizziness 
ic 1 3 1 1 
1 
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disturbance 

` Leg discomfort 4 
Or swelling 
Ж Total reactions 5 8 20 14 7 
M Р-Ю = e tm ашарда P-N — propranolol-nifedipine; P-V — 
- propranolol-verapamil. 
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` FIGURE 2. The effect of treatment on the number of angina attacks per 


' се. Values are expressed as mean + standard error of the mean. 


* p <0.05 compared with placebo. D = diltiazem; N = nifedipine; P 


= propranolol; PL = placebo; V = verapamil. 
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{ way Ба, PRACT р ee 
group у, 28 ala x ide age 56 + 12 years, 21 N with А 
either coronary artery disease or valvular heart disease were 
studied. Patients underwent radionuclide ventriculography 
and LV biplane contrast ventriculography within 5 minutes 
of each other. A significant correlation for scintigraphy (SA) 
and contrast angiography (CA) occurred for end-diastolic 
volume (CA = 4.87 SA + 11.6 ml; standard error of the esti- 
mate = 12.5 ml, r = 0.97, p <0.0001) and end-systolic volume 
(CA = 4.88 SA + 6.7 ml; standard error of the estimate = 10.2 
ml, r = 0.98, p <0.0001). By analysis of intraobserver and in- 
terobserver variance, we showed that changes in global EF, 
end-diastolic volume and end-systolic volume of 25% (abso- 
lute value), 210 ml/m? and >7 ml/m?, respectively, were 
considered significant at the 5% level. The peak systolic 
pressure/end-systolic volume index (PSP/ESVI) ratio was 
calculated and used as a measure of LV contractility.17 
Statistical analysis: Two-way analysis of variance was 
used to measure the significance of changes in the various 
parameters measured. If significance was detected, Tukey’s 
multiple comparison test was applied to compare means. The 
Wilcoxon signed-rank test was used if the distribution of 
measurements appeared skewed. Changes from rest to exer- 
cise were examined with the Student t test for paired samples. 
Frequency differences were compared with the McNemar test. 
Probability of 596 or less was considered significant. 


Results 


Three patients did not complete the study and were 
excluded from the final data analysis. In 2 patients, 
prolonged episodes of chest pain developed during P 
therapy and 1 disliked the frequent testing required for 
the study. Random allocation with the table of random 
numbers resulted in even distribution of treatments. 
Patient compliance was high, with 97% of the prescribed 
medication being taken. Because no significant differ- 
ences occurred between the 2 placebos for any of the 
measurements, results obtained during the first placebo 
were used for comparison with the treatments. 

Clinical response and adverse effects (Table I, 
Fig. 2): No significant differences occurred between P 
and the combinations in the number of angina attacks 
per week, although 13 patients had a 250% reduction 
in the number of angina attacks per week with 1 of the 
combinations compared to P. Similarly, although there 


FIGURE 3. The effect of treatment on ST-segment depres- 
sion and the PR interval. The PR interval was prolonged (p 
<0.001) by propranolol-verapamil (P-V) and propranolol- 
diltiazen (P-D) compared with propranolol (P) and propran- 
olol-nifedipine (P-N). Values are expressed as mean + 
standard error of the mean. * p <0.05, їр «0.01, їр 
«0.001, compared with placebo. 
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TABLE I| Supine Hemodynamic and Volume Data at Rest 
Placebo Propranolol 
HR (beats/min) 73 £13 60 + 8* 
SBP (mm Hg) 127 + 21 121 + 17 
ОВР (тт На) 81+ 11 74+ 11t 
RPP (X 103) 91+ 18 80 + 173 
EF (%) 59+9 62+ 11 
ESVI (ml/m?) 38 + 19 39 + 25 
PSP/ESVI ratio 3.9+ 1.4 3.8 + 1.6 
EDVI (ті/т2) 89 + 24 92 + 34 
SVI (ті/т2) 51 + 10 55 + 10 
Cl (I/m?) 3.7 £0.7 3.4+ 0.8 


* p <0.01, їр <0.001, + p <0.05 compared with placebo. 
Values are expressed as mean + standard deviation. 








ГА 
Propranolol- Propranolol- Propranolol _ _ 
Verapamil Nifedipine Diltiazem A 
58 + 6! 63 + 9* 57 + 8ї  -. 
116 + 15* 113 + 13* 117416" 
71+ 8° 74+ 9 71 +± 6* ЯМ 
71+ 14ї 75 + 15* 73 + 12 
58 + 10 61+10 60 + 10 " 
45 + 26! 40 + 27 42 + 27 Ө: 
3.0 + 1.0* 3.4 + 1.2 3.4 1.5 ША 
102 + 31! 92 + 39 100 + 361 . 
57 + 12 52 + 11 57 +13 
3.4 + 0.6 3.3 + 1.1 32+ 0.7 — 
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Cl = cardiac index; DBP = diastolic blood pressure; EDVI = end-diastolic volume index; EF = ejection fraction; ESVI = end-systolic volume 


index; HR = heart rate; PSP = peak systolic pressure; RPP = rate-pressure product; SBP = systolic blood pressure; SVI = stroke volume - 
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TABLE 11 Exercise Supine Hemodynamic and Volume Data | 
Propranolol- Propranolol- Propranolol- 

Placebo Propranolol Verapamil Nifedipine Diltiazem 

HR (beats/min) 107 + 15 93 + 12° 88 + 11* 92+ 12* 86 + 14t 

SBP (mm Hg) 154 + 24 148 + 23 144 + 20t 138 + 20! 137 + 21* 

DBP (mm Hg) 89+ 9 83 +7 79 + 7! 81+ 10! 82 + 6t 

RPP (X 103) 164 + 32 137 + 27! 127 = 2T" 127. 20° 117 298: 

EF (96) 56 + 14 60 + 13 59 + 11 62+ 13 60 + 10 

ESVI (ml/m?) 49 + 28 49 + 32 51-527 46 + 30 48 + 30 

PSP/ESVI ratio 3.8 + 1.5 3.9 + 2.2 3.4 ± 1.6 3.7 ± 1.6 3.4 + 1.4 

EDVI (ті/т2) 106 + 28 115 + 33 119 + 317 116 + 31 120 + 397 

SVI (ml/m?) 63 + 18 65 + 15 66 + 14 69 + 15 71+ 15 

Cl (I/m?) 6:7 + 1.9 6.0 + 1.1* 5.8 x: 1.2 6.4 + 1.3! 6.1 = 12 





* р <0.001, їр <0.05, * p <0.01 compared with placebo. 
Values аге expressed as mean + standard deviation. 
Abbreviations as in Table Il. 


were no differences among the combinations, 13 pa- 
tients had a reduction in angina attacks favoring 1 of the 
combinations over the others. The number of patients 
terminating exercise due to chest pain during supine 
bicycle exercise decreased significantly (p <0.05), from 
13 patients with placebo to 4 patients with P-V, 2 pa- 
tients with P-N and 5 patients with P-D. Adverse clin- 
ical reactions occurred in 5 patients with placebo, 8 with 
P, 20 with P-V, 14 with P-N and 7 with P-D. When pa- 
tients were asked at the termination of the study which 
treatment they preferred based on relief of angina and 
the absence of disabling adverse reactions, 7 requested 
P-D, 5 requested P-N, 3 requested P-V, 2 requested P 
and 2 were not satisifed with any of the treatments. 

Heart rate, blood pressure and electrocardio- 
graphic changes (Tables II and III, Fig. 3): Com- 
pared to P, exercise heart rate was decreased (p <0.05) 
by P-D, systolic blood pressure at rest was decreased (p 
<0.05) by P-N, systolic blood pressure during exercise 
was decreased (p <0.05) by P-N and P-D and exercise 
rate-pressure product was decreased (p <0.01) by P-D. 
Among the combinations, no significant differences 
occurred in heart rates or blood pressure values at rest 
or during exercise. Among all treatments, no significant 
differences occurred in ST-segment depression. P-V 
and P-D caused greater prolongation (p <0.001) of the 
PR interval than P-N or P. 
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Global and regional ejection fraction (Tables II, j 


III and IV, Fig. 4): No significant differences occurred 


BET q 


between P and the combinations in global or regional 
LVEFs, although 9 patients who failed to have a sig- — 
nificant (25 EF units) increase in global EF during | 
exercise with P had an increase with 1 of the combina- 
tions. Among the combinations, no significant differ- | 


ences occurred, although 11 patients had an increase in 
EF favoring 1 of the combinations over the others. 


Cardiac volumes (Tables П and III, Fig. 5, 6 and — 
7): Compared to P, end-diastolic volume at rest was 


higher (p «0.05) with P-V and P-D; and PSP/ESVI ratio 


at rest was lower (р <0.01) with Р-У. Among the com- — 


binations, end-diastolic volume at rest was greater 


eni 


(p <0.05) with Р-У than P-N. End-diastolic and end-sys- _ 


tolic volumes increased (p «0.001) from rest to exercise 


with placebo; an increase in end-systolic volume was 


‘prevented (p <0.05) by all 3 combinations. There were 


wD. 


no significant differences between P and the combina- 


tions in end-systolic volume during exercise, although - 


ore, 


the significant (27 ml/m?) increase that occurred with : 
P in 10 patients was prevented in 9 with 1 of the com- - 
binations. Among the combinations, no significant ~ 
differences occurred, although 15 patients had a re- 
duction favoring 1 of the combinations over the others. ~ 
Cardiac index increased (p <0.001) from rest to exercise - 
because of an increase in heart rate. Because mitral re- - 
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FIGURE 4. The effect of treatment on global ejection fraction 
at rest and during exercise. Values are expressed as mean 
+ standard error of the mean. Ex = exercise; В = rest; other 
abbreviations as in Figure 2. 


FIGURE 5. The effect of treatment on end-systolic 
and end-diastolic volume index at rest and during 
exercise. End-diastolic volume at rest was greater 
(p <0.05) with propranolol-verapamil (P-V) and 
propranolol-diltiazem (P-D) compared with pro- 
pranolol (P) and propranolol-nifedipine (P-N). 
Values are expressed as mean + standard 
error of the mean. * p «0.05, compared with 
placebo. 


FIGURE 6. The effect of treatment on stroke vol- 
ume and cardiac index at rest and during exercise. 
Values are expressed as mean + standard error 
of the mean. * p «0.05, t p «0.01, compared with 
placebo. Abbreviations as in Figure 2. 
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TABLE V Effects of Therapy on Normalized Left Ventricular Segmental Function : pre T 9 i: 
Propranolol- Propranolol- Propranolol- — 
Placebo Propranolol Verapamil Nifedipine Diltiazem — _ 
Rest (96) 0 
Hypokinetic segments (п = 16) 59 + 13 71+31* 68 + 20° 70 + 25* 70 + 222 s 
Normalized segments (n = 41) 101 + 16 106 + 16 100 + 19 100 + 27 98 + 21 
Ехегсіѕе (%) E A 
Hypokinetic segments (n — 34) 52 + 20 59 + 21 62 + 24* 65 + 23! 62+ 20* | 
Normokinetic segments (n = 23) 96 + 10 92 + 16 89 + 14 90 + 12 89 + 12 
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* p «0.05, t p «0.01 compared with placebo. 
Values are expressed as mean + standard deviation. 


gurgitation could not be ruled out during exercise, car- 
diac index represented only the angiographic output. 


Discussion 


Along with the findings of other studies that have 
examined the antiischemic properties of Р-У,5-7:910 
P-N? or Р-Р, the present investigation revealed а sig- 
nificant improvement in clinical and hemodynamic 
values during exercise with each of the combinations. 
Fewer angina attacks occurred during daily activity and 
supine bicycle exercise was terminated less often by 
angina. Each combination resulted in improved LV 
function during exercise as measured by an increase in 
regional wall motion and a reduction in end-systolic 
volume. 

Although no 1 combination exerted a more beneficial 
action on clinical performance or exercise LV function 
than another, most patients responded more favorably 
to 1 of the combinations with a reduction in the inci- 
dence of angina attacks, an increase in EF during ex- 
ercise and a decrease in end-systolic volume during 
exercise. These findings are in keeping with a reduction 
in exercise-induced ischemia as a result of individual 
sensitivity to the various antiischemic actions of the 3 
calcium-blocking agents. These individual responses 
presumably depended on the mechanism by which the 
calcium blockers altered the various factors affecting 
myocardial oxygen supply and demand. 

Three differences were observed among the combi- 
nations with respect to the incidence of adverse effects. 
First, atrioventricular nodal conduction was signifi- 
cantly prolonged by P-V and P-D compared to P-N. 
Second, P-V depressed myocardial contractility as de- 
termined by an increase in end-systolic volume at rest 
and a decrease in the PSP/ESVI ratio. Third, P-V was 
associated with a high incidence of adverse clinical re- 
actions, especially constipation and dyspnea. These 
differences were likely due to variations in the mode of 
action of the 3 calcium-blocking drugs on the various 
organs in the body. By individualizing the dose of the 
calcium blocker required to provide maximal clinical 
and hemodynamic improvement, the incidence of ad- 
verse effects may have differed from that noted in this 
study. 

Of the 3 combinations, P-V caused the greatest de- 
pression of LV function at rest, with an increase in 
end-systolic volume occurring along with a decrease in 
the PSP/ESVI ratio. However, these measurements of 


. contractility were compared with placebo values, and 
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because of a slight depression in contractility with the — 
other combinations, when they were combined, they — 
were not significantly different. Moreover, both P-D _ 
and Р-У caused an increase in heart size as a result of — 
an increase in end-systolic volume and a decrease in _ 
heart rate. This alteration may have accounted for the 


dyspnea noted with these combinations, causing an 


increase in LV end-diastolic pressure and pulmonary _ 


edema. Previous studies have shown a direct relation 


between increased pulmonary capillary wedge pressure _ 
and an increase in end-diastolic volume.!? Thus, Р-У _ 
and P-D should be used with caution in the presence of _ 


heart failure. In comparison, P-N was not associated 
with a significant reduction in contractility or change 
in cardiac volume. 


An increase in LV volume at rest did not appear to — 
diminish exercise function; despite increased end-dia- — 


stolic volume at rest with P-V and P-D, exercise func- 
tion still improved. Thus, any increase in myocardial 


oxygen demand that occurred as a result of increased | 
myocardial wall tension was overcome during exercise _ 


by the antiischemic actions of the drugs. 


Electrophysiologic properties of the 3 calcium - 


channel-blocking drugs have been shown to differ,!%?° 
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FIGURE 7. The effect of treatment on change in end-systolic volume | 


as measured by the change in radioactive counts from rest to exercise. 
Values are expressed as mean + standard error of the mean. * p «0.05 
compared with placebo. Abbreviations as in Figure 2. 
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` COMBINED BETA- AND CALCIUM CHANNEL 


_ and this was apparent in the present study. Both Р-У 
апа P-D caused a significant increase in the PR interval 


compared with placebo and P. Although the change in 


- the PR interval was small, individual changes were 
consistently in the same direction and therefore highly 


` significant. In contrast, P-N did not change the PR 


interval from that observed with P alone. Our obser- 


vations suggest that for patients with potential or actual 
abnormalities in atrioventricular conduction, P-V and 
P-D should be used only with caution. 

When each combination was compared with P alone, 


. no significant differences were observed in the number 


of angina attacks or in many of the LV function pa- 


 rameters. However, most patients’ conditions signifi- 
. cantly improved with 1 of the combinations when 
_ compared with P alone. In addition, only 2 patients 
. preferred to continue taking P after completion of the 
. study compared with 15 patients who preferred 1 of the 
- combinations. These findings were similar to those of 


Bassan et al, who detected no significant improvement 


. in mean exercise tolerance with P-V, P-N and P-iso- 
_ sorbide compared with P, but found improvement in 


exercise tolerance for several individual patients. Pa- 


. tient selection could possibly result in the lack of more 


marked differences in group values. For example, 
evaluation of patients with relatively mild coronary 
artery disease, in whom exercise tolerance was already 


; high with P, would provide little opportunity to show 


improvement in exercise tolerance with the combina- 


- tions because other limiting factors, such as leg fatigue, 


dyspnea and motivation, would intervene. Before being 
entered into the present study, all patients were re- 


- quired to have frequent angina attacks and to demon- 


strate a positive exercise test response while taking 
maximally tolerated doses of 8-blocking and nitrate 
drugs. Also, during the first placebo period, marked 
limitations in exercise tolerance occurred and LV 


. function during exercise deteriorated. These findings 


suggest that the patients who participated in this study 
had severe coronary artery disease. 

The use in our laboratory$ of regional EF for the 
measurement of drug effect has been previously de- 
scribed. By normalizing the apical, septal and lateral 


_ EFs with a normal, age-matched population, LV seg- 


ments were isolated into 2 subgroups: 1 with normok- 
inetic function and 1 with hypokinetic function. In pa- 
tients with coronary artery disease, hypokinetic seg- 


. ments most likely indicate the presence of ischemia. 


Although some patients had a previous myocardial in- 
farction and therefore had irreversibly damaged seg- 


| ments, this did not prevent the occurrence of significant 


alterations in hypokinetic segment function after drug 


intervention. Several useful observations could be made 
from the assessment of drug effect on regional LV 


function. At rest, no combination had a detrimental 
effect on normokinetic segments and all resulted in 


improved hypokinetic segment function. These changes 


were similar to those observed with P alone, suggesting 


that the improvement was due to P. Improved function 
at rest may have been due to a decrease in myocardial 
oxygen demand at rest resulting from a decrease in 
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rate-pressure product. Also, Р may have favorably al- 
tered the distribution of blood flow in the ischemic 
myocardium.?! During exercise, the combinations im- 
proved ischemic myocardial function but depressed 
normokinetic myocardium. Although the combinations 
improved exercise hypokinetic segment function, this 
action was not detected by measuring global EF during 
exercise because of drug-induced depression of nor- 
mokinetic myocardium during exercise. The greater the 
number of hypokinetic segments present during exer- 
cise, the more chance there probably would be to 
demonstrate an improvement in global EF during 
exercise. 

Exercise-induced ischemia, in addition to altering EF, 
may also cause an increase in LV end-systolic volume 
in patients with coronary artery disease.22 By calcu- 
lating the change in end-systolic volume from rest to 
exercise, we demonstrated a significant reduction in 
end-systolic volume during exercise with all 3 combi- 
nations. The significant changes in end-systolic volume 
and regional EF compared with the lack of change in 
global EF suggest that these variables are more suitable 
than global EF for measuring drug effect on LV function 
during exercise. 
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CME Test 421 


a Effect of Digitalis Treatment on Survival After Acute Myocardial Infarction* 


n: 


The University of Alabama School of Medicine designates this continuing medical education activity for 1 credit hour in 
Category 1 of the Physician's Recognition Award of the American Medical Association. Answers are to be marked on 


the instruction sheet on page A 176. 


1. Because of its direct atropic action or by increasing sys- 
temic vascular resistance, digitalis could: 
a) cause arrhythmic toxicity 
b) cause coronary vasoconstriction 
C) cause a decrease in myocardial oxygen demand 
d) aggravate myocardial ischemia 


2. In this study, left ventricular failure was defined as the 
presence of an S3 gallop and pulmonary rales extending 
up the posterior thorax by: 

a) one-third 
b) one-half 
C) one-quarter 
d) one-eighth 


3. An enlarged heart was defined as a cardiothoracic index 
on 6-foot x-ray before discharge, greater than: 
a) 1.5 
b) 0.5 
c) 1.0 
d) 2.1 


4. In the study, the mean follow-up on survival of 504 pa- 
tients was: 
a) 23 months 
b) 69 months 
с) 36 months 
d) 17 months 


5. Of the 504 patients, the number taking digitalis at hospital 
discharge was: 
a) 504 
b) 275 
c) 229 
d) 247 


10. 





. After 3 years, the percentage of those receiving digitalis 


and surviving was: 

a) 8796 

b) 6696 

c) 4596 

d) 1796 1 


. The following is not an indication for prescribing digitalis: 


a) left ventricular failure 

b) atrial fibrillation 

с) enlarged heart on x-ray 

d) repetitive ventricular premature complexes 


. The average serum digoxin concentration in this study 


was: 
a) 1.2 + 0.56 ng/ml 
b) 0.8 + 0.27 ng/ml 
C) 2.0+ 1.48 ng/ml 
d) 2.0 + 0.16 ng/ml 


. In this study, it was determined that survival was poorest 


when serum digoxin concentration was: 
a) lowest 

b) unchanged from normal 

с) highest 

d) any of the above 


The conclusion to be drawn from this study is that the 

physician should consider: 

a) whether treatment for ventricular dysfunction is really 
necessary 

b) if another drug has a better risk-benefit ratio than 
digitalis 

C) a and b above 

d) none of the above 


*This article appears on page 623 of this issue. 
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Clinical Clues to MIXED ANGINA 





Most days she can climb the 
stairs with no difficulty. But 
today she was less than half-way 
up when an angina attack 
stopped her. 


And because vasocon- 
striction is an unpredictable 
event, ischemia and pain occur 

" unpredictably: 
at varying levels of exercise 
at rest, or even during sleep 
upon exposure to cold 
under emotional stress 
diurnally, typically in 
the morning 


No. 5 


PROCARDIA® (nifedipine) 
is a primary therapy for 
the patient with MIXED 
ANGINA. It prevents vaso- 
constriction in both large 
coronary arteries and coro- 
nary arterioles to maintain 
myocardial blood flow and 
oxygen supply. At the same 
time, PROCARDIA dilates 
peripheral arteries to 
reduce afterload and 
myocardial oxygen 
demand. 

As a result, PROCARDIA 
can significantly reduce 
your patient's angina 
attack rate and need for 
nitroglycerin! 


PROCARDIA 


| NIFEDI PINE) Capsules 10 mg 


Primary Protection in 


Please see PROCARDIA® (nifedipine) brief summary on next page. 
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The stairs seem steepe today 
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nifedipine therapy in patients with refractory 
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Brief Summary 
PROCARDIA® (nifedipine) Capsules For Oral Use 


INDICATIONS AND USAGE: |. Vasospastic Angina: PROCARDIA (nifedipine) is indicated for the management of va- 
sospastic angina confirmed by any of the following criteria: 1) classical pattern of e al rest accompanied by ST seg- 
ment elevation, 2) angina or coronary artery spasm provoked by ergonovine, or 3) angiographically demonstrated 
coronary artery spasm. In those patients who have had angiography, the presence of significant fixed obstructive disease 
is not incompatible with the diagnosis of vasospastic angina, provided that the above criteria are satisfied. PROCARDIA 
may also be used where the clinical presentation suggests a possible vasospastic component but where vasospasm has 
not been confirmed, e.g., where pain has a variable threshold on exertion or in unstable angina where electrocardio- 
graphic findings are compatible with intermittent vasospasm, or when angina is refractory to nitrates and/or adequate 
doses of beta blockers. 

it. Chronic Stable Angina (Classical Effort-Associated Angina): PROCARDIA is indicated for the management о! 
chronic stable angina (effort-associated angina) without evidence of vasospasm in patients who remain symptomafíc de- 
spite adequate doses of beta blockers and/or organic nitrates or who cannot tolerale those agents. 

In chronic stable angina (effort-associated angina) PROCARDIA has been effective in controlled trials of up to eight 
weeks duration in reducing angina frequency and increasing exercise tolerance, but confirmation of sustained effective- 
ness and evaluation of long-term safety in these patients are incomplete. 

Controlled studies in small numbers of patients suggest concomitant use of PROCARDIA and beta-blocking agents 

may be beneficial in patients with chronic stable angina, but available information is not sufficient to predict with confi- 
dence the effects of concurrent treatment, especially in patients with compromised left ventricular function or cardiac 
conduction abnormalities. When py inen such concomitant therapy, care must be taken to monitor blood pressure 
closely since severe hypotension can occur from the combined effects of the drugs. (See WARNINGS.) 
CONTRAINDICATIONS: Known hypersensitivity reaction to PROCARDIA. 
WARNINGS: Excessive Hypotension: Although in most patients, the hypotensive effect of PROCARDIA is modest and 
well tolerated, occasional patients have had excessive and poorly tolerated hypotension. These responses have usually 
occurred during initial titration or at the time of subsequent upward dosage adjustment, and may be more likely in pa- 
lients on concomitant bela blockers. 

Severe hypotension and/or increased fluid volume requirements have been reported in patients receiving PROCARDIA 
together with a beta blocking agent who underwent coronary artery bypass surgery TY dose fentanyl anesthesia. 
The interaction with high dose fentanyl appears to be due to the combination of PROCARDIA and a beta blocker, but the 
possibility that it may occur with PROCARDIA alone, with low doses of fentanyl, in other surgical procedures, or with 
other narcotic analgesics cannot be ruled out. In PROCARDIA treated patients where surgery using high dose fentanyl 
anesthesia is contemplated, the physician should be aware of these potonga roblems and, if the patient's condition 
permits, sufficient time (at least 36 hours) should be allowed for PROCARDIA to be washed out of the body prior to 
surgery. 

Increased Angina: Occasional patients have developed well-documented increased frequency, duration or severity of 
angina on starting PROCARDIA or at the time of dosage increases. The mechanism of this response is not established but 
could result from decreased coronary perfusion associated with decreased diastolic pressure with increased heart rate, 
or from increased demand resulting from increased heart rate alone. 
Beta Blocker Withdrawal: Patients recently withdrawn trom beta blockers may develop a withdrawal syndrome with in- 
creased angina, probably related to increased sensitivity to catecholamines. Initiation of PROCARDIA treatment will not 
poeni this occurrence and might be expected to exacerbate it dy provoking reflex catecholamine release. There have 
een occasional reports of increased angina in a setting of beta blocker withdrawal and PROCARDIA initiation. Itis im- 
portant to taper beta blockers if possible, rather than stopping them abruptly before beginning PROCARDIA. 
Congestive Heart Failure: Rarely, patients, usually receiving a beta blocker, have developed heart failure after begin- 
ning PROCARDIA. Patients with tight aortic stenosis may be at greater risk for such an event. 
PRECAUTIONS: General: Hypotension: Because PROCARDIA decreases peripheral vascular resistance, careful mon- 
itoring of blood pressure during the initial administration and titration of PROCARDIA is suggested. Close observation is 
1 wn, for patients already taking medications that are known to lower blood pressure. (See 

Peripheral edema: Mild to moderate peripheral edema, typically associated with arterial vasodilation and not due to 

left ventricular dysfunction, occurs in about one in ten patients treated with PROCARDIA. This edema occurs primarily in 
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. PROCARDIA 
| (NIFEDIPINE) ==?” 


PRIMARY PROTECTION IN MIXED ANGINA 
Usual Effective Dosage: 30 to 60 mg/day 


For most patients, titrate over 7 to 14 days, using the patient's blood pressure 
response, attack frequency, sublingual nitroglycerin intake and activity level as 
a guide. Titration may be more rapid (e.g., 3 days) if symptoms warrant and the 
patient is observed closely. 


Because PROCARDIA decreases peripheral vascular resistance (occasional 
patients have had excessive hypotension), careful monitoring of blood 
pressure during initial administration and upward dosage titration is 
suggested, especially for patients taking drugs known to lower blood 
pressure. Occasional patients have developed increased frequency, duration or 
severity of angina on starting PROCARDIA or at the time of dosage increases. 


A Favorable Safety Profile 


Most frequently reported side effects. usually mild, are dizziness or 
lightheadedness, peripheral edema, nausea, weakness, headache and 
flushing, each occurring in about 10% of patients, transient hypotension in 
about 5%, palpitation in about 2% and syncope in about 0.5%. 


the lower extremities and usually responds to diuretic therapy. With patients whose angina is complicated by congestive 
och failure, care should be taken tc differentiate this peripheral edema from the effects of increasing left ventricular 
ystunction. 

Laboratory tests: Rare, usually transient, but occasionally significant elevations of enzymes such as alkaline phos- 
phatase, CPK, LDH, SGOT and SGPT nave been noted. The relationship to PROCARDIA (nifedipine) therapy is uncertain 
in most cases, but probable in some. These laboratory abnormalities have rarely been associated with clinical symp- 
toms, however, cholestasis with or without jaundice has been reported. Rare instances of allergic hepatitis have been 
reported. 

Limited clinical studies have demonstrated a moderate but statistically significant decrease in platelet d de pee 
ae шиме in bleeding time in some PROCARDIA patients. No clinical significance for these findings has been 

emonstrated. 

Drug interactions: Beta-adrenergic blocking agents: (See Indications and Иши.) Experience in over 1400 pa- 
tients in a non-comparative clinical trial has shown that concomitant administration of PROCARDIA and beta-blocking 
agents is usually well tolerated, but there have been occasional literature reports suggesting that the combination may 
increase the likelihood of congestive heart failure, severe hypotension or exacerbation of angina. 

o ng nitrates: PROCARDIA may be safely co-administered with nitrates, but there have been no controlled 
studies to evaluate the antianginal effectiveness of this combination. 

Digitalis: Administration of PROCARDIA with digoxin increased digoxin levels in nine of twelve normal volunteers. 
The average increase was 4596. Another investigator found no increase in digoxin levels in thirteen patients with coro- 
nary artery disease. In an uncontrolled study of over two hundred patients with congestive heart failure during which di- 
goxin blood levels were not measured, digitalis toxicity was not observed. Since there have been isolated reports of 
patients with elevated digoxin levels, itis recommended that digoxin levels be monitored when initiating, adjusting, and 
discontinuing PROCARDIA to avoid possible over- or under-digitalization. 

Coumarin anticoagulants: There have been rare reports of increased prothrombin time in patients taking coumarin an- 
ticoagulants to whom PROCARDIA was administered. 

Cimetidine: A study in six healthy volunteers has shown a significant increase in peak nifedipine plasma levels (8096) 
and area-under-the-curve (74%) after a one week course of cimetidine at 1000 mg per day and nifedipine at 40 mg per 
day. Ranitidine produced smaller, non-significant increases. If nifedipine therapy is initiated in a patient currently receiv- 
ing cimetidine, cautious titration is advised. 

Carcinogenesis, mutagenesis, impairment of fertility: Nifedipine was administered orally to rats for two years 
and was not shown to be carcinogenic. When given to rats prior to mating, nifedipine caused reduced fertility at a dose 
approximately 30 times the maximum recommended human dose. /n vivo mutagenicity studies were negative. 

Hea rong Л Pregnancy Category C. Nifedipine has been shown to be teratogenic in rats and embryotoxic in rats, mice 
and rabbits. There are no adequate and well controlled studies in pregnant women. PROCARDIA should be used during 
pregnancy only if the potential benefit justifies the potential risk to the fetus. 

ADVERSE REACTIONS: The most common adverse events include dizziness or lightheadedness, peripheral edema, 
nausea, weakness, headache and flushing, each occurring in about 10% of patients, transient hypotension in about 5%, 
раро in about 2% and syncope in about 0.5%. Syncopal episodes did not recur with reduction іп the dose of 

ROCARDIA or concomitant antianginal medication. Additionally, the following have been reported: muscle cramps, 
nervousness, dyspnea, nasal and chest congestion, shortness of breath, diarrhea, constipation, gastrointestinal cramps, 
flatulence, inflammation, joint stiffness, shakiness, jitteriness, sleep disturbances, blurred vision, difficulties in balance, 
dermatitis, pruritus, urticaria, fever, sweating, chills, sexual difficulties, thrombocytopenia, anemia, leukopenia, pur- 
pura, allergic hepatitis, gingival hyperplasia, and erythromelalgia. Very rarely, introduction of PROCARDIA therapy was 
associated with an increase in anginal pain, possibly due to associated hypotension. 

In addition, more serious adverse events were observed, not readily distinguishable from the natural history of the 

disease in these patients. It remains possible, however, that some or many of these events were drug related. Myocardial 
infarction occurred in about 4% of patients and congestive heart failure or pulmonary edema in about 2%. Ventricular ar- 
rhythmias or conduction disturbances each occurred in fewer than 0.5% of patients. 
HOW SUPPLIED: Each orange, soit gelatin PROCARDIA CAPSULE contains 10 mg of nifedipine. PROCARDIA CAP- 
SULES are supplied in bottles of 100 (NDC 0069-2600-66), 300 (NDC 0069-2600-72), and unit dose (10x10) (NDC 
0069-2600-41). The capsules shouid be protected from light and moisture and stored at controlled room temperature 
59° to 77°F (15° to 25°C) in the manufacturer's original container. 


More detailed professional information available on request. Revised January 1985 © 1982, Pfizer Inc. 
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2-D Echocardiography Ever Published 





A "'how-to-do-it'' text/atlas 
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2-dimensional echocardiograms 
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Echocardiography 
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ї | Wait and Watch?... 
e Q ou Q or Get Immediate Answers, 
| o Non-invasively. 
е Digital Image Analysis of 
er a Positive °° 
ing stress gives you those 
e ^ immediate answers. 
(hcl) 1 stress induced wall motion abnor- 
| Ш malities can easily be seen with 


MicroSonics ciné loop display, because respiratory and motion 
artifact are eliminated. Even subtle variations can be seen with 
side-by-side displays of synchronized rest and exercise loops. 
Comparative Ejection Fractions and other quantitative measure- 
ments are quickly and easily made directly from the video images. 


The same remarkable system that makes stress echo a practical 
reality can also streamline your Echo Lab. 


We make stress echo work. For information about Doppler, 

2D and M-mode software or Stress Echo, please contact 

Sandra Wolfe at MicroSonics, 7155 Shadeland Station, Suite 190, 
Indianapolis, IN 46256 (800) 428-7222 or (317) 841-7222, TLX 21-6210 
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MicroSonics 
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ARRHYTHMIAS AND CONDUCTION DISTURBANCES 





Day-to-Day Reproducibility of Responses to Right EU 
Ventricular Programmed Electrical Stimulation: E 
Implications for Serial Drug Testing A 





CRAIG A. McPHERSON, MD, LYNDA E. ROSENFELD, MD, and 











WILLIAM P. BATSFORD, MD m. 
De 
ы 3 
The day-to-day reproducibility of responses to right was initially inducible with 1 or 2 PES who required 
ventricular programmed electrical stimulation was + З or more PES for induction of VT at C2. Thus, pa- d 
analyzed in 77 patients studied in the baseline state tients in whom VT is initially inducible with 10r2 . - 
twice within 72 hours. Of 66 in whom ventricular PES demonstrate reproducible day-to-day re- | 
tachycardia (VT) was inducible at the first study sponses to programmed electrical stimulation and __ 
(C1), VT was reproduced in 53 (80%) at the second appear to be excellent candidates for electro- _ 
control study (C2). Among 41 patients in whom VT physiologically guided antiarrhythmic drug therapy. — 
was inducible using 1 or 2 programmed elec- Because VT induction was significantly less repro-  . 
trical stimuli (PES) at C1, VT remained inducible in ducible in patients who required 3 or more PES at 
39 (9596) at C2, whereas only 14 of 25 patients C1, day-to-day reproducibility of VT induction should . 
(5696) who required 3 or more PES for VT induction be confirmed in such patients if electropharmaco- 
at C1 had VT reproduced at C2. The difference in the logic therapy is attempted. Because a more intense А 
reproducibility of VT induction іп these 2 patient stimulation mode is often required to reproduce VT 
_ groups was highly significant (p <0.001). Although induction at C2, such a change cannot serve as a S 
VT was inducible in 50% of patients using the reliable index of drug efficacy when multiple anti- E 
identical stimulation mode at each study, 35% re- arrhythmic agents are serially tested. 3 
quired a more intense mode for VT induction at C2; E. 
this included 11 of 35 patients (3196) in whom VT (Am J Cardiol 1985;55:689-695)  . 
4 
Selection of antiarrhythmic drug therapy by invasive measurement. For example, day-to-day variability of E 
electrophysiologic techniques is based on the premise spontaneous arrhythmia occurrence is an acknowledged — 
that inability to induce ventricular arrhythmias after problem in assessing therapy of ventricular arrhythmias · ii 
drug administration to a patient in whom they were by ambulatory electrocardiographic monitoring. 4 _ | 
inducible in the baseline state represents a therapeutic Despite widespread use of invasive electrophysiologic — 1 
effect of the drug. This conclusion assumes that in- testing, however, little information is available about : M 
ability to induce the index arrhythmia after drug ad- the day-to-day reproducibility of arrhythmia induction | 
ministration is not likely to result from random, day- by extrastimulus techniques. Therefore, we analyzed — 
to-day variation of responses to programmed electrical the reproducibility of responses to right ventricular — . 
stimulation. Some random variability may be antici- programmed electrical stimulation observed in a con- E 
pated, however, in any repetitively performed biologic secutive series of patients with diverse cardiac diagnoses f 
L. From the Department of Internal Medicine, Section of Cardiology, Yale who, during the course of evaluation for known or sus- — 
University School of Medicine, New Haven, and the Veterans Admin- pected ventricular arrhythmias, were studied twice in a 
istration Medical Center, West Haven, Connecticut. Manuscript received the baseline state. The results of this analysis suggest — 


June 18, 1984; revised manuscript received November 27, 1984, ac- 
cepted November 29, 1984. 
Address for reprints: Craig A. McPherson, MD, Cardiology Section/ 
332 FMP, Yale University School of Medicine, 333 Cedar Street, New 
_ Haven, Connecticut 06510. 
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that significant day-to-day variability of induced ven- _ 
tricular arrhythmias may occur; furthermore, its oc- | 


currence appears to be related to the mode of initial 
arrhythmia induction. 
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E © Coronary heart {disease 48 
e M. A Anterior myocardial infarct (MI) 21 
b. ` Inferior MI 19 
d ^ . No transmural MI 8 

J Valvular heart disease 7 

5 ` Dilated cardiomyopathy 7 

4 A Hypertensive heart disease 4 

E . Right ventricular dysplasia 1 

p No Structural heart disease 10 
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| a X Methods 
ak: | 


| Кеп: Over a 2-year period in our laboratory, 144 pa- 
Bt шь underwent electrophysiologic studies incorporating 
2 p right ventricular programmed electrical stimulation. Testing 
| Was performed in the baseline state before administration of 
- intravenous antiarrhythmic agents. When there was only 1 
b | potential intravenous agent to be tested for clinical purposes 
б a (usually because of documented clinical failure or intolerance 


* i enty- seven of the 144 patients (53%) had 2 analyzable control 
FJ D кше and form the basis of this report. 

Fifty-four men and 23 women were studied. They were 26 
fh to 78 years old (mean 60 + 11). Clinical diagnoses are listed 
ey . in Table I. Of the 48 patients with coronary heart disease, 40 
_ (83%) had sustained a transmural (Q-wave) myocardial in- 
p. | farction. Among the other 29 patients, 7 had valvular heart 
- . disease (4 with mitral valve prolapse), 7 dilated cardiomyop- 
? x y athy, 4 hypertensive heart disease, 1 right ventricular dys- 
=~ plasia, and 10 had no structural heart disease detectable by 
| p - physical examination, electrocardiography and noninvasive 
X $ imaging techniques. 

— The indications for electrophysiologic study are listed in 
-. "Table II. Only episodes of ventricular tachycardia (VT) which 
. required pharmacologic or electrical therapy for termination 
were defined as sustained; all episodes of VT that terminated 
— spontaneously were considered to be nonsustained. No patient 
_ was studied because of ventricular arrhythmias occurring in 
the first 5 days after an acute myocardial infarction and none 
b. . was studied within 2 weeks of infarction. 
=  Electrophysiologic studies: All patients gave written in- 
a 5 иеа consent and were studied іп the nonsedated, postab- 
к sorptive state. At the first control study (C1) multipolar 
` electrode catheters were percutaneously inserted into femoral 
ў i and subclavian veins and positioned in the high right atrium 
=~ for recording and stimulation, across the tricuspid valve for 
i3 recording the His bundle electrogram, and at the right ven- 
tricular apex such that an acceptable local electrogram was 
_ recorded and ventricular capture obtained with less than 1.0 
` mA. The ventricular catheter was left in place for the serial 
.. electrophysiologic studies. The second control study (C2) was 
_ performed within 72 hours after the initial one; 98% of the 
Nes studies were performed after at least 4 elimination 
- half-lives of the most recently administered antiarrhythmic 
E drug had elapsed. Dosages of digitalis, 9-blocking drugs and 
— calcium channel antagonist drugs were held constant over the 
= of each patient’s electrophysiologic studies. Serum 







electrolyte levels were maintained within physiologic ranges 
a and no patient was studied if they had unstable angina, de- 
compensated heart failure or other acute medical illness. 
_ The stimulation protocol included single, double and triple 
s programmed electrical stimuli (PES) given during sponta- 
. neous rhythm and at least 1 ventricular paced rate (usually 
E _ 100 beats/min). All stimuli were 1-ms square-wave impulses 
delivered at twice diastolic threshold or 1.5 mA, whichever was 
4 higher. Single PES were given 360 to 400 ms after the last 


de drive beat and then progressively more PEF in dec- 





TABLE н. Indication for Electrophysiologic Study 


VF/survivor of CPR 12 
Sustained VT 20 
Nonsustained VT 23 
Syncope, no documented VT . 8 
Presyncope with VEA, no VT 11 
? Drug-induced VT 3 


CPR = cardiopulmonary resuscitation; VEA = ventricular ectopic 
activity; VF — ventricular fibrillation; VT — ventricular tachycardia. 


rements of 10 to 20 ms until ventricular refractoriness was 
encountered. The first extrastimulus was then fixed 20 ms 
outside the ventricular refractory period and a similar testing 
sequence with a second extrastimulus was performed. Once 
it became refractory the second extrastimulus was fixed 20 ms 
outside its ventricular refractory period and testing with a 
third extrastimulus was similarly performed. In the early 
studies 1, 2 and 3 PES were first given during spontaneous 
rhythm and thereafter during ventricular pacing. In the latter 
studies, stimulation with a given number of extrastimuli was 
completed during both spontaneous and ventricular paced 
rhythms before testing with an additional extrastimulus was 
begun. After testing with PES was completed, 3- to 10-beat 
bursts of nonsynchronized rapid ventricular pacing were de- 
livered at decreasing cycle lengths to the point of 2:1 ven- 
tricular capture. 

Endpoints of stimulation were completion of the protocol, 
induction of sustained УТ (VT that required operator inter- 
vention for termination) or induction of 3 episodes of non- 
sustained VT (at least 5 consecutive, nonstimulate responses). 
When electrical cardioversion was required, or when a rapid 
episode of VT (at least 10 beats at an average cycle length of 
250 ms or less) was produced, repeat induction was not at- 
tempted. Using this stimulation protocol, hemodynamically 
unstable tachyarrhythmias requiring cardioversion were 
produced in 8 of the 77 patients (1096) and 9 of all 154 control 
studies (696) performed. 

Definition of inducibility: A patient was defined as having 
inducible VT if programmed stimulation produced 1 episode 
of VT at least 5 beats long or 2 episodes at least 3 beats long. 
Each patient was considered to have inducible VT by the 
stimulation mode that first evoked VT fulfilling this defini- 
tion, even though stimulation was usually continued past this 
point until an endpoint for the protocol (see above) was 
reached. In no patient was V'T considered to be noninducible 
unless programmed stimulation performed during sponta- 
neous rhythm and at least 2 ventricular paced cycle lengths 
had failed to elicit УТ. All patients who were inducible at C1, 
but not C2, received more stimulation attempts at C2. In each 
case, the shortest achievable coupling interval of the last ex- 
trastimulus at C2 was no more than that which had been at- 
tained at C1. 

To test the relation of reproducibility of arrhythmia in- 
duction to the operational definition of inducibility, 5 other 
potential definitions were examined: (1) 1 episode of VT at 
least 10 beats long or 2 episodes at least 5 beats long; (2) 1 
episode of УТ at least 5 beats long; (3) 1 episode of VT of 10 
beats or more, or 2 episodes of 5 beats or more, or 3 episodes 
of 3 beats or more; (4) 1 episode of VT of 10 beats or more or 
2 episodes of 3 beats or more; and (5) 1 episode of VT of 10 
beats or more or 1 episode of 5 beats or more and 1 episode of 
3 beats or more. 

Statistical analysis: All data were analyzed using non- 
parametric statistical methods. Chi-square tests with the 
Yates correction for continuity or Fisher's exact test were used 


depending on sample size. А p value «0.05 was considered | 


significant. 
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FIGURE 1. Day-to-day reproducibility of responses to < 2 pes | Bac. 581 | T 

right ventricular programmed electrical stimulation in the «0.001 — 
77 patients according to the index definition of inducibility. E 
N = number of patients; NS = not significant; PES = INDUCIBLE WITH 25 14 (56X) 11 (44%) E 
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FIGURE 2. Day-to-day reproducibility of stimulation mode required for induction of ventricular tachycardia. At the left are listed the 7 stimulation 
modes used and the number of patients (N) in whom tachycardia was inducible by each mode at the first control study (C1). The 7 right-hand columns 
list the distribution of stimulation modes required to induce VT in 48 patients at the second control study (C2). The stimulation modes were tested 5 
in the order listed at each control study in all 48 patients. The numbers within the boxes bounded by heavy solid lines indicate patients in whom | 
VT was inducible by the same stimulation mode at C 1 and C2. Patients below this area of the grid required а less intense mode, and those above _ 
this area of the grid a more intense stimulation mode to be rendered inducible at C2. S2, 53, 54 = 1, 2, and 3 programmed electrical stimuli (PES) 
delivered during spontaneous rhythm; V2, V3, V4 — 1, 2, and 3 PES delivered during ventricular paced rhythm; VB = brief bursts of rapid ventricular 
pacing. 


Results Reproducibility of stimulation mode required for — 
induction of ventricular tachycardia: (Fig. 2 and 3): | 
Of the 53 patients in whom VT was inducible at both : 
control studies, 5 were from the early group in whom all — 


Reproducibility of induction of ventricular 
tachycardia: Using the index definition of inducibility 
(1 episode of VT at least 5 beats long or 2 episodes at 
least 3 beats long), 66 of the 77 patients had inducible 
VT at C1. At C2, 53 had inducible VT. The overall re- 48 PATIENTS INDUCIBLE 
producibility of VT induction was thus 80%. AT Cl 

Significance of initial induction of ventricular 
tachycardia with double vs triple extrastimuli (Fig. 

1): Of the 66 patients who had inducible VT at C1, 41 
(62%) had inducible VT using 1 or 2 PES. Thirty-nine 
of these patients (95%) had inducible VT at C2 (39 vs 
2, p <0.001). In marked contrast, only 14 of the 25 pa- Ee w EROR NE ДА 
tients (56%) who required 8 or more PES for initial VT 
induction had inducible VT at C2 (14 vs 11, difference 
not significant). The day-to-day reproducibility of VT 
induction in patients initially requiring 1 or 2 PES was 


significantly greater than in those patients initially re- \ | 
quiring 3 or more PES for VT induction (p <0.001). ELA dec pe ua уа MORE INTEMAM 
ке» EF ; à ODE MODE 

Reproducibility of inability to induce ventricular 7 24 ты 

tachycardia (Fig. 1): Eleven of the 77 patients (14%) (15%) (50%) (35%) 

did not have inducible VT at C1. In 10 of these patients FIGURE 3. Summary of day-to-day reproducibility of stimulation mode 

VT remained noninducible at C2. Failure to induce VT required for ventricular tachycardia (VT) induction in 48 patients in whom 

was thus reproducible in 91%. VT was inducible at both the first (C1) and second (C2) studies. 
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PLAN 
35 patients in whom VT was initially inducible with 1 
or 2 PES, 11 (31%) required З PES or burst pacing for _ 


n | ў 







Classification at C2 VT induction at C2. Figure 3 is a summary of the day- 
Ipducible тшт гт to-day reproducibility of the stimulation mode required 

C1 Inducible ^ Noninducible for VT induction. 
10 7 3 Effect of definition of inducibility on reproduc- 
19 17 2 ibility: The results obtained when the 5 alternative 
i i 4 definitions of inducibility were considered were similar 
С 5 _ TOTAL 66 53 13 to those discussed above using the index definition (Fig. 
LIC үй, Includes 8 patients with syncope but no history of VT and 8 with 4). The overall rep roducibility GEV E induction ranged 
|... presyncope and ventricular ectopy but no VT. from 71 to 8096. Patients in whom VT was initially in- 
— ... C1 = first control study; C2 = second control study; EPS = elec- ducible with 1 or 2 PES demonstrated an 85 to 95% in- 







2 a ophysiologic study; other abbreviations as in Table Il. 
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cidence of reproducible УТ induction. Patients who 
required 3 or more PES for VT induction at C1, how- 
bi, ever, had a much lower incidence of reproducible VT 
xtrastimuli were tested during spontaneous rhythm induction—47 to 59%. The markedly different day- 
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- before ventricular paced rhythm. Excluding these pa- to-day reproducibility of VT induction in patients ini- 
— tients, in 48 patients the reproducibility of the specific tially requiring 1 or 2 PES was significantly different 
ba ode of VT induction could be analyzed. Figure 2 de- from those who required 3 or more PES by all defini- 
| picts the number of patients in whom VT was inducible tions considered (Fig. 4). 

— by each stimulation mode at C1 and the stimulation Similarly, in patients in whom VT was not inducible 


— mode required for reproduction of VT at C2. Thirty-one at C1, the VT was highly likely to remain noninducible 
| patients (65%) required 2 PES for initial VT induction. at C2. The reproducibility of failure to induce VT 
be m4 patients (8%), VT was inducible with only 1 PES ranged from 87 to 94%. 

tan d 13 patients (27%) required 3 PES or bursts of rapid Effect of indication for electrophysiologic study 
-.. pacing for initial VT induction. Although 24 patients on reproducibility of ventricular tachycardia in- 
_ (80%) had inducible VT with the same stimulation duction (Table IIT): Table III is a list of the indications 
Ў . mode at both studies, 7 (15%) required a less intense for electrophysiologic study in the 66 patients in whom 


m mode and 17 (35%) a more intense stimulation mode at VT was inducible at C1 and their responses to pro- 
. C2. The reproducibility of the stimulation mode re- grammed electrical stimulation at C2. Although greatest 


b 


I-p« 0013 


40 I—-p«.01 —р<.01—4 
kp<.0544 


—р<.02—4 
-р<.01—4 


50 


NUMBER 
OF 
PATIENTS 


20 





MODE OF INITIAL 





VT INDUCTION (PES) 52 23 
DEFINITION OF ! VT 210 IVT »10 IVT»5 I VT >10 
INDUCIBLE or 2VT > 5 or 2VT > 3 or 2VT 23 or IVT2 5 





246% and IVT23 
| ў А IGURE 4. Effect of the definition of inducibility on its day-to-day reproducibility. Each pair of bars depicts the day-to-day reproducibility of induction 


f. Sh entricular tachycardia (VT) by the definition listed below; results using the index definition are represented in the fifth bar pair. The circled number 
m | а {һе base of each bar pair is the total number of patients in whom VT was inducible at the first control study (C 1). The left-hand bar of each pair 


| re presents patients in whom VT was inducible with 1 or 2 programmed extrastimuli (PES) at C1, and the right-hand bar patients who required 3 
E jor more PES at C1. Shaded portions of each bar represent patients in whom VT remained inducible at the second control study (C2), and nonshaded 
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` jn patients studied because of a history of sustained VT, 


the reproducibility of VT induction in these patients (17 
of 19, 89%) was not significantly different from patients 
studied because of previous VF (7 of 10, 70%), nonsus- 
tained УТ (17 of 21, 8196) or symptoms in the absence 
of documented VT (12 of 16; 75%). In our patient pop- 
ulation, therefore, the clinical event prompting elec- 
trophysiologic study was not predictive of the repro- 
ducibility of VT induction over serial control studies. 

Analysis of inducible, nonreproducible ven- 
tricular tachycardia: The clinical characteristics of 
the 13 patients in whom УТ was inducible only at C1 
were similar to those in whom V'T was reproducibly 
inducible. The maximal responses induced at each study 
in these 13 patients are shown in Figure 5. An episode 
of VT lasting more than 10 beats was produced in 7. 
Most of these patients had a marked decrease in the 
class of response evoked at C2; a decrease of 2 or more 
classes occurred in 9. Thus, in most patients in this se- 
ries in whom УТ became spontaneously noninducible, 
we observed a significant decrement in the magnitude 
of the response that was inducible at the 2 control 
studies. Moreover, the maximal response induced at C1 
was not strongly predictive of the reproducibility of VT 
induction. Among the 66 patients in whom VT was in- 
duced at C1, the maximal response elicited was sus- 
tained VT in 15, more than 10 complexes of nonsus- 
tained VT in 16, 5 to 10 complexes of nonsustained УТ 
in 29 and 3 to 4 complexes of nonsustained VT in 6. Only 
in the latter category did the reproducibility of VT in- 
duction (2 of 6) tend to be worse at C2. 


Discussion 


Accurate selection of pharmacologic therapy for pa- 
tients with ventricular arrhythmias requires a repro- 
ducible measurement of baseline arrhythmia tendency 
against which to assess drug effects. Limitations im- 
posed by spontaneous variability are widely recognized 
in the use of ambulatory electrocardiographic moni- 
toring for this purpose.!-* The day-to-day reproduc- 
ibility of ventricular arrhythmia induction by pro- 
grammed electrical stimulation has not, however, been 
so closely scrutinized. 

Horowitz et al? serially studied 20 patients with re- 
current, sustained VT, all of whom had their clinical VT 
induced by 1 or 2 PES at the initial control study. The 
index arrhythmia remained inducible in each patient 
at each subsequent control study. In an accompanying 
editorial to the report of Horowitz et al, Scheinmanó 
concluded: *In the carefully designed protocol .... 
tachycardias were always reproduced between drug 
trials, thus confirming the reproducibility of this tech- 
nique. Now that the method has been validated, it 
seems prudent and expeditious to avoid testing between 
drug trials in the usual clinical setting." 

Since this early report, the application of pro- 
grammed electrical stimulation has broadened and 
stimulation techniques have become more aggressive, 
but the reproducibility of induced responses has not 
| been readdregsed. 

The present study examines the reproducibility of УТ 
. . induction in a heterogeneous group of patients with 
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diverse clinical diagnoses and indications for electro- 
physiologic study. The overall day-to-day reproduc- _ 
ibility of VT induction, although not perfect, was 
excellent: 80% by the index definition of inducibility and | 
71 to 80% by the alternative definitions considered. — 

Reproducibility of induction of ventricular — 5 
tachycardia: implications for selecting patients for | 1 
electropharmacologic testing: Consistent with the — 
data of Horowitz et al, VT induction in patients in — 
whom VT was initially inducible with 1 or 2 PES was | 
highly reproducible; by the various definitions consid- = Е 
ered, 85 to 95% of these patients had inducible VT at _ 
their second control study. These patients are excellent — 


candidates for electrophysiologically guided antiar- € 
rhythmic drug therapy. Eus 

Secondly, patients who required 3 or more PES for: 59 
initial arrhythmia induction had reproducible VT in- 
duction only 47 to 59% (i.e., approximately half) of the | 
time. This distribution suggests that all such patients 
may have randomly inducible VT on a day-to-day basis, — 
or that half of them have reproducibly inducible VT. — - 
Further investigations using multiple control studies 
are required to distinguish between these possibilities. — ' 
When an individual patient requires 3 or more PES for — 
initial arrhythmia induction, therefore, the day-to-day — . 
reproducibility of VT induction must be carefull y a 
confirmed when attempting to perform electrophar- —— 
macologic testing. Exe 

Third, by the various definitions of inducibility as- — 
sessed, in patients in whom VT was initially nonindu- | 
cible, it remained so 87 to 94% of the time. Clearly, such |. 
patients are poor candidates for electrophysiologically | 


guided drug therapy. ES 
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FIGURE 5. Maximal induced response obtained at each сог ЧИНА M 
in 13 patients in whom ventricular tachycardia (VT) was inducible at - d 
the first (C1) but not the second (C2) study. IVR = intraventricular — . 
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reentrant response; PES — programmed extrastimuli. 


Pp: Finally, the clinical бш that Dd есе: 
physiologic study was not predictive of subsequent 
day-to-day reproducibility of arrhythmia induction 
(Table III). The results of the initial electrophysiologic 
= study are more predictive of subsequent reproducibility 
^ of arrhythmia induction than is the clinical indication 

. for study. 

` Reproducibility of induction of ventricular 


ў tachycardia: implications for design of stimulation, 


protocols for serial drug testing: The overall day- 

to-day reproducibility of VT induction in this series is 
3 encouragingly high. Still, our data reveal potential 
alls of electropharmacologic therapy. 
— Patients who required the most aggressive stimula- 
3 Bion technique (i.e., 3 or more PES) for initial VT in- 
T duction demonstrated the poorest reproducibility of VT 
_ induction. This observation sounds a cautionary note 
~ in the current trend toward increasingly aggressive 
| (higher current and more stimuli) stimulation protocols. 
Я The diagnostic specificity and consequent prognostic 
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import of VT induction by such protocols have been 
questioned.7-!? The potential poor reproducibility of 
— such methods strongly suggests that attempts to per- 
a ` form electropharmacologic therapy in patients who 
і require aggressive stimulation techniques for initial 
. arrhythmia induction must be accompanied by careful 
- inspection of the reproducibility of VT induction in the 
^ baseline state. Furthermore, the observation that a more 
. aggressive stimulation mode was required to reproduce 
, GOVT at C2 in 35% of our patients (including 3196 of pa- 
tients in whom VT was initially inducible with 1 or 2 
: + PES who required З ог more PES for VT induction at 
B 2) suggests that initial induction of VT by aggressive 
. stimulation techniques may commit investigators to 
even more aggressive techniques during serial drug 
testing. Although Swerdlow et al!! suggested that an 
_ increase in the number of PES required for arrhythmia 
- induction after drug administration may represent drug 
. efficacy, our data, as well as observations of Livelli et 
- al, suggest that this phenomenon may simply reflect 
spontaneous fluctuations in vulnerability to arrhythmia 
induction. Although a postdrug increase in stimulation 
- mode required for VT induction may represent a clini- 
— cally relevant therapeutic response, especially in pa- 
1 tients who have VT reproducibly induced at baseline 
with the same stimulation mode, this important issue 
Б remains to be clarified. 
d — Another issue reflected in our data is the choice of an 
b endpoint for programmed stimulation. Investigators 
proposing that the stimulation protocol be terminated 
B . only when sustained VT is induced have reported that 
` cardioversion is thereby required i in 12 to 52% of pa- 
- tients.1?-1^ In the present series, in which sustained VT 
- was not induced in all patients who had УТ defined as 
отв inducible, cardioversion was required in 8 of the 
_ patients (10%) and 9 of the 154 control studies (6%). 
— Had the stimulation protocol been terminated after a 
б ‘single episode of VT at least 5 complexes long, the in- 
_cidence of cardioversion would have been halved. Might 
E nonsustained VT serve as the stimulation endpoint? In 
 agroup of patients more homogenous than ours, Podrid 
геі al!6 reported successful results using this approach. 
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Our data deo dài with the жи; Sendo | 


of 8- to 4-beat VT induced by З ог more PES, the day- 
to-day reproducibility of sustained and nonsustained 
VT are comparable. Nonsustained VT might thus be an 
appropriate stimulation endpoint during electrophar- 
macologic therapy. Until follow-up data are available 
in our patients and other series, however, the optimal 
approach remains speculative. 

Limitations: Our observations may not be directly 
applicable to results from other laboratories using dif- 
ferent stimulation protocols. We have not addressed, 
for example, the reproducibility of arrhythmias induced 
at sites other than the right ventricular apex, by 4 or 
more PES, by higher stimulating currents, or by newer 
methods of programmed stimulation such as the in- 
troduction of abrupt changes in the basic drive rate 
described by Denker et а1.!? Our data emphasize the 
marked day-to-day baseline variability of arrhythmia 
induction, which may obfuscate interpretation of in- 
dividual patient responses during serial drug testing. 
Because the degree of this variability may depend on the 
nature of individual stimulation protocols, this is an 
important phenomenon for investigators to clarify in 
their individual laboratories. 

A second potential limitation of our study is that 
second control studies often followed 20 to 24 hours 
after an antiarrhythmic drug had been tested at the 
initial study. Before 98% of the control studies, however, 
4 or more drug elimination half-lives had elapsed since 
the last dose of an antiarrhythmic medication had been 
given. This should have ensured that 94% of the previ- 
ous drug had been eliminated by the second control 
study, making it unlikely that results at C2 were in- 
fluenced by drugs given after C1. Serum levels of pre- 
viously administered agents were not routinely ob- 
tained, however, and possible residual tissue effects 
cannot be excluded as a factor contributing to dimin- 
ished arrhythmia inducibility at subsequent control 
studies. 

Spontaneous variability of induction of ventric- 
ular tachycardia: potential pathophysiologic im- 
plications: The inability to reproduce VT induction in 
20% of patients, and the need to stimulate more ag- 
gressively at the second study in 35% of those who re- 
main inducible, suggest the existence of a trend toward 
declining inducibility over serial electrophysiology 
studies. The cause of this phenomenon is speculative. 
The possible influence of factors such as the nature of 
underlying heart disease, ventricular wall thickness and 
function, and the clinical history remain to be clarified. 
Duff et al!? reported observations in 14 patients which 
suggested that daily replacement of the stimulation 
catheter improved reproducibility of arrhythmia in- 
duction. Whether this overcame endocardial-electrode 
interface alterations, as Duff et al suggested, remains 
unclear. An equally tenable explanation is that repeat 
catheter insertion prevented patient adaptation to the 
laboratory environment, a factor that increases the 
ventricular fibrillation and repetitive ventricular re- 
sponse thresholds of laboratory animals.!?-?! Future 
examinations of autonomic and psychologic adaptations 
to serial electrophysiologic studies might clarify this 
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Suppression of Arrhythmias Within Hours After a Single 
Oral Dose of Amiodarone and Relation to Plasma 
and Myocardial Concentrations 


BRIGITTE ESCOUBET, MD, PHILIPPE COUMEL, MD, JEAN-MARIE POIRIER, PhD, 


1 ў PIERRE MAISON-BLANCHE, MD, PATRICE JAILLON, MD, JEAN-FRANCOIS LECLERCQ, MD, 


PHILIPPE MENASCHE, MD, GEORGES CHEYMOL, MD, ARMAND PIWNICA, MD, 
GEORGES LAGIER, MD, and ROBERT SLAMA, MD 





In 65 patients a single oral dose of amiodarone (30 
mg/kg) produced an antiarrhythmic effect on su- 


| praventricular or ventricular arrhythmias within 3 


to 8 hours and lasted for 17 to 19 hours. On the 
second day a 15-mg/kg dose reproduced this effect 
within 3 to 9 hours. Plasma concentration of ami- 
odarone increased to a maximum (2.2 + 1.7 mg/ 


. liter) (mean + standard deviation) at 6 + 3.5 hours 


and plasma levels of N-desethylamiodarone (NDA) 
rose to 0.2 + 0.08 mg/liter at 12 + 6.4 hours. 
Sixty-one other patients were given a single 30- 
mg/kg dose 7 hours to 4 days before open heart 
surgery. Biopsies of the right atrial and left ventric- 
ular walls were taken during surgery. Myocardial 
concentration of amiodarone was maximal in the 
atrium after 7 hours (13 + 8 mg/kg) and in the 
ventricle after 24 hours (17 + 11 mg/kg). NDA 
myocardial concentration increased progressively 


until 24 hours and then remained stable over 4 days 
(1.5 mg/kg). The amiodarone myocardial to plasma 
concentration ratio was similar in the atrium and in 
the ventricle and averaged 22 and 10 for amiodar- 
one and NDA, respectively. A significant relation 
existed between amiodarone concentration and the 
effect on ventricular premature complexes (r — 
0.74, p <0.001) and between amiodarone plasma 
concentration and the effect on the atrioventricular 
conduction (г = 0.58, p <0.001). The plasma con- 
centration of amiodarone corresponding to a 60% 
decrease in arrhythmias averaged 1.5 to 2 mg/liter. 
These data suggest that the antiarrhythmic effect 
of a single 30-mg/kg oral dose of amiodarone can 
be achieved within hours for an amiodarone plasma 
concentration of 1.5 to 2 mg/liter and a myocardial 
concentration of 10 to 20 mg/kg. 

(Am J Cardiol 1985;55:696-702) 





Amiodarone has been used as an antiarrhythmic drug 


- for years," and its efficacy for treating a wide spectrum 


PUE 


of arrhythmias is well documented.? However, a concern 
regarding its oral administration is the delay between 


` the onset of treatment and of antiarrhythmic effect.? 


Intravenous administration of amiodarone shortens this 


 delay,*? but exposes the patient to hemodynamic ог 


arrhythmogenic side effects. Attempts have been made 


à . to reach efficacy with oral doses of amiodarone by using 


repeated administrations of high dosages," but control 
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of arrhythmia is not usually observed before 5 to 10 
days. Pharmacokinetics of amiodarone are not well 
understood and the relations between amiodarone 
plasma and myocardial concentrations and efficacy are 
under discussion.?!° The therapeutic plasma concen- 
tration zone of amiodarone during chronic therapy is 
not established. The purpose of this study was to in- 
vestigate the antiarrhythmic efficacy of a single oral 
loading dose of amiodarone and the relations between 
the effects and the concentration of the drug both in 
plasma and in myocardial tissues. 


Methods 


Patients: This study included 2 groups of patients. Group 
I was composed of patients with arrhythmias. In this group 
the antiarrhythmic effect and plasma drug levels were as- 
sessed. Group II was composed of surgical patients in whom 
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plasma and myocardial concentrations of amiodarone were 
measured. 

Group I consisted of 65 patients (39 men, 26 women, mean 
age 58 + 14 years) (mean + standard deviation) with various 
types of arrhythmias who had never received amiodarone. The 
cardiac disease associated with the arrhythmia was valvular 
disease in 16 patients, acute or chronic coronary heart disease 
in 28 and dilated cardiomyopathy in 3. In 18 patients no 
underlying heart disease was found either by ultrasonography 
or, in some patients, by coronary angiography. Antiarrhythmic 
treatment was withdrawn and all patients had returned to the 
baseline arrhythmia level before entering the study. Ar- 
rhythmias were documented on at least two 24-hour electro- 
cardiographic recordings during the control period. Sixteen 
patients had supraventricular arrhythmias: 9 atrial premature 
complexes (APCs), 3 Wolff-Parkinson-White syndrome and 
spontaneously recurring paroxysmal reciprocating tachy- 
cardias, 3 a permanent form of supraventricular tachycardia 
(1 reciprocating tachycardia and 2 reentrant atrial tachycar- 
dias) and 1 patient paroxysmal atrial fibrillation with several 
attacks per day. In 18 patients permanent atrial fibrillation 
was established for longer than 5 days. Thirty-one patients 
had ventricular arrhythmias: 22 ventricular premature com- 
plexes (VPCs) and 9 ventricular tachycardia (V'T) (3 inces- 
sant, recurrent УТ and 6 at least 2 daily spontaneous episodes 
of sustained VT). Few patients had association of supraven- 
tricular and ventricular arrhythmias. 

Group II included 61 patients (30 men, 31 women, mean age 
45 + 16 years) undergoing open heart surgery for valvular 
disease. The cardiac lesion was mitral stenosis in 34 patients, 
mitral regurgitation in 24, aortic stenosis in 13, aortic regur- 
gitation in 29 and atrial septal defect in 1 patient; 30% of these 
patients had double-valvular disease. 

Study design: Amiodarone chlorhydrate (Cordarone,® 
200-mg tablets, Labaz Laboratories) was given orally. The first 
oral dosage (30 mg/kg) was taken as a single dose (range 1,200 
to 3,000 mg). Patients in group I took a second dose (15 mg/kg) 
24 hours later. Patients in group II were randomly distributed 
into 6 subgroups. In each subgroup a single amiodarone dose 
(30 mg/kg) was given 7, 12, 24, 48, 72 or 96 hours before 
surgery. 

The antiarrhythmic effect was assessed in group I by com- 
paring the 24-hour electrocardiographic recordings during 
treatment with those of the control period. All tapes were 
analyzed by visual reading by a physician and by computer 
analysis of the events (ATREC system)!! on an hourly basis. 
'l'he effects of the treatment on APCs and VPCs were assessed 
by the decrease in the number of events per hour compared 
with the corresponding hour of the control period, to take into 
account the variations of arrhythmias within a day. In patients 
with incessant arrhythmias (permanent atrial fibrillation or 
incessant УТ), the effect was assessed by the change of the 
mean heart rate per hour. Paroxysmal or unstable arrhythmias 
could not be quantified by this method; the effect was esti- 
mated from the number of recurrences of the attacks during 
the 2 days. The treatment was considered to have failed if the 
patient had arrhythmia during the so-called efficacy-period, 
i.e., from 3 to 19 hours after amiodarone, as defined according 
to the effects observed on hourly quantifiable arrhythmias. 

Blood samples were drawn to assay amiodarone and its 
metabolite, N-desethylamiodarone (NDA), before and 1, 3, 

D 5, 9, 20 and 24 hours after the first dose of amiodarone. In 
addition, in group II, blood samples and right atrial and left 
ventricular myocardial biopsies were simultaneously obtained 
before cardiopulmonary bypass was instituted. Plasma and 
myocardium were extracted, after addition of an internal 
standard (Lb 8040) and assayed by high-performance liquid 
— — chromatography with a uCN column (Merck, Hibar) and a 
. mobile phase (hexane, sulfuric acid, water, 2-propanol; 
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175/0.4/2.5/822.1, v/v) at а 1.5 ml/min flow rate (M45 Waters — 
Associates pump) and a detection by UV at 242 nm (Waters — — 
Associates M 440 UV detector). The lower sensitivity ofthe — 
assay was 50 ng/ml for amiodarone and NDA. a è, 

Statistical analysis: In group I, the effects of amiodarone — . 
were assessed by using the 2-tailed Student ¢ test (paired — . 
data). Linear correlations were determined by calculating — 
Pearson's coefficient of correlation and regression equations 
were calculated by the least-squares method. The degree of © a 
significance was set at the 0.05 level. " 
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Results a 

Antiarrhythmic effect (group I): Supraventricular | 
arrhythmias: In 7 of 8 patients with APCs, amiodarone | 
decreased significantly the number of APCs per hour 19 › 
between 4 and 17 hours (Fig. 1A). The maximal effect —— 
was 98 + 4% at 8 + 4 hours. In 1 patient the arrhythmia — — 
was clearly controlled by the treatment, but the effect — | 
could not be computerized because of interference of a NE 
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FIGURE 1. Antiarrhythmic effect of amiodarone during the first 2 days, 
with an oral loading dose. A, effect on atrial premature complexes 
(APC), expressed as the logarithm of the number of APCs per hour (n  . 
= 8). B, effect on the atrioventricular node during permanent atrial fi- n 
brillation (n = 13); C, effect on ventricular premature complexes (VPC), 
expressed as the logarithm of the number of VPCs per hour (n = 22) 
Each panel represents the hourly rate of the events (dots) with statistical a б 
comparison between control and treatment day. The plasma concen-  . 
trations of amiodarone in the corresponding patients (diamonds) are — 
represented during the first 24 hours of treatment. For graphical rea- < 
sons, results are represented as ће mean + standard error of the mean 
rather than standard deviation. *p <0.05; **p <0.01; ***p «0.001. E 
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`. hours of treatment (—21 + 42%), and 3 patients had amiodarone. After the second administration of ami- 
` recurrence of at least 50% of the APCs at 14 or 18 hours. odarone, this effect lasted throughout the day, witha _ 
— On the second day of treatment, Holter recordings were maximal effect of —32 + 1496 (—39 + 22 beats/min) at 

- available in 5 of these patients. The decrease in APCs 12 + 6.3 hours. 
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g reached 85 + 24% at 8 + 3 hours, compared with the Ventricular arrhythmias: In the 22 patients with 
- control day, but the difference did not reach statistical VPCs, amiodarone decreased significantly the number 
- significance. Figure 2 shows the results in a typical case of VPCs per hour from 5 to 19 hours after administra- 
` with APC salvos. In 5 patients with paroxysmal ar- tion (Fig. 1C). The maximal effect (decrease of 85 + 
-. rhythmias, amiodarone did not significantly modify the 22%) was achieved within 9.5 + 4 hours. After 24 hours 
E arrhythmias. Two other patients had nonstable ar- the residual effect was 33.7 + 64% and was not different 
` rhythmias and the effect of amiodarone could not be from the control. Recurrence of at least 5096 of the VPCs 













i evaluated. occurred in 5 patients at 18 + 2.5 hours. After the second 
8 - Permanent atrial fibrillation and the effect on dose of amiodarone, the number of VPCs per hour de- 
| - atrioventricular conduction: In 5 of the 18 patients with creased significantly from 9 to 19 hours. The maximal 
е stablished atrial fibrillation, amiodarone restored sinus decrease (82 + 17%) was observed 10 + 3.5 hours after 
| rhythm within 5 + 1.5 hours. In 13 patients, the action amiodarone administration. In 3 patients with inces- 
| я amiodarone on the atrioventricular node was the only sant, nonsustained VT, VT was suppresssd at 3, 5 and 
M effect observed. The effect was significant 3 hours after 8 hours after amiodarone. This effect lasted throughout 
— drug administration and lasted until the 24th hour (Fig. the 2 days, but short VPC salvos recurred at 19, 21 and 
a 1B)». The maximal effect on heart rate was a 31 + 15% 24 hours after the first dose of amiodarone. VPC salvos 
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FIGURE 2. Salvos of atrial premature complexes. Upper 
panel, heart rate curves (maximal, mean and minimal 
heart rate) during 3 consecutive days of Holter recording. 
aS. fox. V А TS AU | Bottom, the antiarrhythmic effect is progressive, as 
Be Pie йз rero nn Pip tS (CI S INR ر‎ OT shown by the electrocardiogram sampled over the 3 
days. 
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СЕЗ КЕГИ Tos а ieee I FIGURE 3. Incessant salvos of ventricular tachycardia. 


Upper panel, heart rate curves (maximal, mean and 

Tm A ^f minimal heart rate) during 3 consecutive days of Holter 
Nr c БҮ, ^N j^N Dia M ips ГУ) Ага ^N Pn, Pa NS ~~, recording. The electrocardiographic samples show the 
Ev. : "A pa progressive effect of the treatment on the arrhythmias. 
M: К ity A x A Ventricular tachycardia was controlled within 8 hours, 
E n Sa! NP A N { ANM e A x A ^ à А ^ ^ A ^ А à ^ = whereas short salvos of ventricular premature complexes 
4 . recurred after 24 hours of treatment. This patient had 


es € asymptomatic nocturnal sinoatrial block (e). 1 
E у утр octurna atrial block (e) | 
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FIGURE 4. Relation between amiodarone 
plasma concentration and the antiarrhythmic 
effect on atrioventricular node during atrial 
fibrillation (A, п = 10) and on ventricular pre- 
mature complexes (B, n = 12) in patients in 
whom arrhythmias were controlled by the 
treatment. Each line represents the individual 
least-squares regression line calculated from 
3 to 5 points. In patients with atrial fibrillation 
the mean slope was —9.1 + 6.1 and in pa- 
tients with ventricular premature complexes 
the mean slope was —28.7 + 9.7. -50 
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did not recur up to 18, 20 and 22 hours after the second 
dose of amiodarone (Fig. 3). In the 6 patients with par- 
oxysmal VT, arrhythmias were suppressed in 2 patients 
after the first oral dose and did not recur during the 
second day of treatment, whereas the other 4 patients 
experienced VT recurrences during the first day. 
Relation between the concentration of ami- 
odarone and its antiarrhythmic effect: The relation 
of plasma amiodarone concentration to the effect was 
established at the onset of antiarrhythmic effect after 
the first amiodarone oral dose in patients with hourly 
quantifiable arrhythmias. For the analysis we consid- 
ered the data of the patients in whom the treatment 
allowed to control the arrhythmias and we excluded 
patients with refractory arrhythmias. The individual 
relations could be established for each of these patients 
and are shown in Figure 4 for the effect on nodal con- 
duction and on VPCs. When pooling the data for each 
type of arrhythmia, despite an important patient-to- 
patient variation, a significant relation of amiodarone 
- plasma concentrations to the antiarrythmic effects was 
found for VPCs (r = 0.74, p <0.001) and for atrioven- 
tricular conduction (r = 0.58, p <0.001). The small 
number of patients (n = 7) prevented establishment of 
a strong relation to the effect on APCs (r = 0.46, p = 
0.03). The mean of the individual plasma concentration 
of amiodarone corresponding either to a 60% decrease 
in the number of APCs or VPCs per hour or to a 20% 
decrease in heart rate during atrial fibrillation were 1.7 
+ 1.1, 2.1 + 1.4 and 0.7 + 0.5 mg/liter, respectively. In 
the 3 patients with incessant VT the concentrations at 
the time of control of VT were 5, 2 and 8.6 mg/liter, re- 
spectively. Arrhythmias recurred in 3 patients with 
APCs when the plasma concentrations were 0.8, 1.3 and 
0.5 mg/liter, respectively, and in 5 patients with VPCs 
when the plasma concentration was 1.5 + 0.9 mg/liter. 
In the 3 patients with incessant VT, VPC salvos re- 
curred when the plasma concentration of amiodarone 
were 0.9, 0.3 and 1.2 mg/liter, respectively. In 12 pa- 
tients, whose arrhythmias were not controlled at any 
time, the mean maximal plasma concentration of ami- 
odarone (1.8 + 0.3 mg/liter) was significantly lower than 
the mean maximal plasma concentration of amiodarone 
measured in patients in whom the drug was effective 
S 2 8 + 0.3 mg/liter) (р <0.01). 
Plasma and myocardial concentrations of ami- 
T da Pune and N poros were ond Blood samples 
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AMIODARONE PLASMA CONCENTRATION (mg/l) 


from 89 patients for amiodarone and from 55 patients — | 
for NDA were analyzed over the first 24 hours of treat- ^ . 
ment and plasma concentrations were not significantly — 
different in our 2 groups of patients. Maximal ami- _ Ў 

odarone plasma concentration was measured at 6 44 _ 
hours and averaged 2.2 + 1.7 mg/liter (range 0.6 to 9). — 
The maximal NDA plasma concentration was 0.2 + 0.08 ` 
mg/liter (range 0.1 to 0.5), and was reached at 12 + 6.4 ` 
hours (Fig. 5). In group П, the mean maximal concen- _ 
tration of amiodarone in the atrium peaked at 7 hours — - 
and at 24 hours in the ventricle (Fig. 6, Table I) and the h 


CONCENTRATION (mg/!) 
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FIGURE 5. Amiodarone (solid circles) and N-desethylamiodarone (open - р. $ 
circles) plasma concentrations measured during the first 24 hours of. 
treatment. Values are mean t Standard deviation. | 
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БЕЛТ C T TABLE | бинаны of Amiodarone and iri Bebé vid ЫДА, * EA amit far dpa iiim. 
P Myocardium | M zs 
@ E Cm max T max Cm 
i (mg/kg) (hours) Ст/Ср (mg/kg) 
A Cp max T max teur SEN LOT ae 
be (mg/liter) (hours) RA LV RA LV RA LV RA/LV 
$ Amiodarone 
2.2 6 13 M 24 22 23 1.1 
+17 43.5 +8 +11 +13 +13 +0.6 
N-desethylamiodarone 
0.2 12 1.5 1.5 24 24 9 15 1.3 
+0.08 +6.4 +7 +11 1.2 


Values are mean + standard deviation. 


tration; LV = 
maximal concentration. 


| E concentrations decreased afterward yir t the 4 


I tl the Bin апа 62 hours: ta the ventricle. а 
- concentration of NDA increased progressively until 24 
| hours and then remained stable (at 24 hours = 0.16 + 
_ 0.07 mg/liter and at 96 hours = 0.16 + 0.05 mg/liter). 
ү Despite an important patient-to-patient variability, 
— there was a significant correlation between amiodarone 
d “plasma and myocardial concentrations in the atrium 
— and in the ventricle (Fig. 7). A similar relation was es- 
-tablished for NDA plasma to atrial concentrations (r = 
"x 0.72, p «0.001, n = 47) or to ventricular concentration 
_ (r = 0.64, p «0.001, n = 26). However, the small number 
ү | of available samples and the small range of myocardial 
. concentrations weakened the relations found for both 
` amiodarone and its metabolite. The concentrations of 
` amiodarone were similar in the atrium and the ventricle 
Ty (Table D. 
b a . Side effects: No severe side effects were observed. 
A few patients had minor adverse reactions: 3 had minor 
1 digestive discomfort and 3 a nonsymptomatic excessive 
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A = amiodarone; Cm max = maximal myocardial concentration; Cp max = maximal plasma concen- 
left ventricle; NDA — N-desethylamiodarone; RA - right atrium; T max — time to reach 


nocturnal bradycardia (<30/min), but they were known 
to have slight chronic sinus dysfunction. In patients in 
sinus rhythm the mean minimal heart rate observed was 
65 + 16 beats/min at 16 + 2.6 hours after the onset of 
therapy. Only 1 patient had a worsening of cardiac 
failure, which was easily controlled by increasing di- 
uretic therapy. 


Discussion 


This study shows the onset of the antiarrhythmic 
effect of a 30-mg/kg oral dose of amiodarone within 4 
to 5 hours on premature complexes, within 3 hours on 
atrioventricular node and after 2 to 8 hours on VT in 
about 60% of the patients. A significant relation between 
amiodarone plasma concentrations and the onset of the 
antiarrhythmic effect was observed and the threshold 
amiodarone plasma concentration averaged 1.5 to 2 
mg/liter and the associated myocardial concentration 
ranged from 10 to 20 mg/kg. 

The lag time observed for the onset of the antiar- 
rhythmic effects after a single weight-related oral dose 
was dramatically shorter than previously reported.55:? 


FIGURE 6. Plasma and myocardial concentrations of 
amiodarone and N-desethylamiodarone (NDA) measured 
in group Il over 4 days after a single amiodarone dose. 
Solid circles represent amiodarone in plasma, triangles 
amiodarone in the right atrium and squares amiodarone 
in the left ventricle; open circles represent NDA in 
plasma, open triangles NDA in right atrium and open 
squares NDA in left ventricle; n = 5 to 11 for each point. 
Values are mean + standard deviation. 
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This dosage е gives plasma conc of 
amiodarone that are comparable to those measured 
during chronic therapy.!2!° These effects are similar to 
those of amiodarone in young children after a single 
weight-related oral dose!‘ or after intravenous loading 
dose. However, several days were needed to achieve 
control of arrhythmias in the studies in which large oral 
doses of amiodarone were administered (as much as 
1,800 mg/day for 1 week).9? In these studies the use of 
divided or non-weight-related doses may explain the 
discrepancies in the lag time observed for the antiar- 
rhythmic action. Discrepancies between our study and 
that of Kannan et al,!° who reported amiodarone to be 
unsuccessful despite high plasma concentrations of the 
drug, may be because the arrhythmias they studied were 
refraetory, as in some of our patients. In our series am- 
iodarone was as effective in treating a large spectrum 
of arrhythmias as long-term oral therapy?? with a 
comparable percentage of efficacy.!® 

The plasma kinetics of amiodarone during the first 
day of treatment are in the range of those previously 
reported after single doses.!7 The wide range of the 
maximal amiodarone plasma concentration is probably 
a result of interindividual variations in its bioavail- 
ability.!? The progressive increase in the NDA plasma 
concentration confirms the slow metabolism of ami- 
odarone.!2-!3:19 The myocardial amiodarone concen- 
trations showed a rapid equilibrium with concentration 
similar to that reported in dogs.?? The narrow range of 
observed concentrations (4 to 10 mg/kg for amiodarone 
and 1 to 2 mg/kg for NDA), the interindividual vari- 
ability together with the small number of available 
ventricular samples in our study prevent us from es- 
tablishing a strong relation between plasma and myo- 
-cardial concentrations of the drug. Our results show the 
myocardial washout of amiodarone after the first dose, 
which may explain the short duration of action observed 
(17 hours). This difference with the well known, long- 
lasting antiarrhythmic effect of amiodarone after in- 
terruption of chronic treatment in adults?! may be a 
result of the higher myocardial concentration during 
long-term therapy and to the modification of the elim- 
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ination half-life of amiodarone. The myocardial to 
plasma concentration ratio averaged 20, even as early 
as 7 hours after beginning of therapy, and was in the 
range reported during long-term oral use of amiodarone 
(10 to 100).22-24 

This study confirms the therapeutic amiodarone 
plasma concentration range (1.5 to 2 mg/liter) observed 
during chronic administration.7:1?.19.25 Similarly, after 
intravenous administration, the antiarrhythmic effect 
of amiodarone was obtained when the plasma concen- 
tration reached 5 to 10 mg/liter and lasted as long as it 


was over 2 mg/liter.5 The relation evidenced here be- 3 


tween plasma concentrations of amiodarone and the 
effect on VPCs, APCs or atrioventricular conduction 
is weakened by a high interindividual variability and - 
should be further investigated in a larger number of _ 
patients. Because the antiarrhythmic effects were not 
investigated in group II, the relation of the effects to the 


myocardial concentrations of amiodarone could not be — 


directly inferred from our series. However, given the 
absence of significant difference of amiodarone plasma _ 
concentrations in both groups, the similarity of their — 


myocardial concentrations can be assumed. Therefore, 1 


the myocardial amiodarone concentration at the onset _ 
of the effect ranges from 10 to 20 mg/kg of tissue, аз _ 
reported during chronic oral therapy,??-?* with a myo- - 
cardial-to-plasma concentration ratio of 10 to 100. 
Therefore, an amiodarone plasma concentration of 1 V 


mg/liter should give at least a 10-mg/kg myocardial  . 
concentration.”4 In addition, this study does not show 
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any evidence for a role of NDA in the antiarrhythmic — 
effects observed. NDA plasma and myocardial con- — 
centrations were very low when theantiarrhythmicef- — 
fects were present and the effects progressively de- . E 


creased when NDA levels increased. However, during 
chronic administration of amiodarone, NDA accumu- 
lation may account for some of the different elec- 
trophysiologic effects compared to intravenous 
administration.?$ | 

Side effects were minor in our series, as expected from 
the reported overdosage in a suicide attempt.?725 None 
of the side effects of intravenous loading doses? or of 
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chronic amiodarone therapy??? were observed. The use 
of oral administration avoided the localized venous 
toxicity of amiodarone intravenous infusion. 

Clinical implications: A rapid suppression of ar- 
rhythmias was achieved after a single oral 30-mg/kg 
dose of amiodarone in about 60% of the patients. These 
results also establish the necessity of giving a second 
15-mg/kg dosage on the second day of treatment. The 
threshold plasma concentration of amiodarone is 1.5 
mg/liter. The failure of the treatment in the control of 


certain arrhythmias can be related to a poor availability. 


of amiodarone, as shown by plasma assay of the drug, 
or to a true refractoriness of the arrhythmias. These 
results show plasma and myocardial concentrations 
corresponding to the therapeutic threshold of ami- 
odarone. Interindividual variations in amiodarone 
distribution prevent establishing recommended daily 
dose for long-term therapy. 


Acknowledgment: We thank Y. Berger (Labaz Labora- 
tories) for drug assay in myocardium. 
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From the Astra/Merck Research Programs 


TONOCARD 


(TOCAINIDE HCI MSD) 


a new oral agent for the suppression Of 
symptomatic ventricular arrhythmias 





Like lidocaine. 











But it’s oral. 


For a Brief Summary of Prescribing Information, please see last page of this advertisement. 





MSD 
MERCK 


is electrophysiologically 
similar to lidocaine but different 


from other Class | oral 
antiarrhythmic agents. 
Effective Action- 
refractory potential QRS QT 
period duration interval interval 
——____ n hb EM Uu 
Lidocaine 5; J} = гч i) 
l Oe, 54 


(TOCAINIDE НСІ bd i) J} = 
Quinidine t t d t 
Procainamide th Ф Ф * 
Disopyramide t t Ф Ф 


ft = increased or prolonged +) = reduced or shortened <= unchanged 














Adapted from Braunwald, E.: Pharmacologic treatment of cardiovascular 
disorders, in Harrison's Principles of Internal Medicine, ed. K. J. Isselbacher 
et al., 9th ed., New York, McGraw-Hill Book Company, 1980, pp. 1068-1069. 
Data derived from animal and human studies. 


L Patients who respond to lidocaine also respond to 
TONOCARD in a majority of cases. Failure to respond 
to lidocaine usually predicts failure to respond to 
TONOCARD, but there are exceptions. 


Therapeutically, 
it acts like lidocaine. 
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Clinical cardiac parameters were usually 
unchanged in well-compensated patients studied. 


O Ina long-term study of 72 ver P өне infarction patients, 
TONOCARD (400 mg q 8 ^) did not produce clinically significant 
changes in blood pressure, heart rate, or LV contractility. 


dr - Cardiac output 


Blood pressure 
LV contractility 


М-М. 


Heart rate 






O In catheterization studies, TONOCARD usually produced a small degree of 


depression in left ventricular function, but there were usually no changes In 
cardiac output or clinical evidence of increasing congestive heart failure. 


TONOCARD has been used safely in patients with acute myocardial 
infarction and various degrees of congestive heart failure. It has, 
however, a small negative inotropic effect and can increase peripheral 
resistance slightly. 


Г1ТОМОСАНР should be used cautiously in patients with known 
heart failure or minimal cardiac reserve, particularly if a beta — 
blocker is given as well, because of the potential for aggravating 
the degree of heart failure. 

TONOCARD is contraindicated in patients who are hypersensitive to this product or to local 


anesthetics of the amide type and in patients with second- or third-degree atrioventricular 
block in the absence of an artificial ventricular pacemaker. 


For a Brief Summary of Prescribing Information, please see last page of this advertisement. 
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L Simple initial q 8 h dosage. 






Unlike lidocaine, it’s useful 
for mainfenance therapy. 
—————————— — —— oe eee 





Recommended initial dosage is 400 mg every 8 hours; patients 
should then be carefully titrated on the basis of antiarrh hmic 
response and tolerance, both of which are dose-related. The usual 
adult dosage is between 1200 and 1800 m /day, divided in 

three doses. Doses beyond 2400 mg have been administered 






infrequently. Patients w o tolerate the t.i.d. и. | 

regimen may be tried on a twice-daily — — rome 

regimen with careful monitoring. Some а LL. TONOCARD may 
р be given with food 


7 (without affecting 
— . the extent of its 
bioavailability), the 
= dosage reduced, or 
7 therapy discontinued. 


ректе particularly those with renal or 
epatic impairment, may be treated — - 
with less than 1200 mg/day. - 


Like other antiarrhythmics, tocainide has not been shown to 
prevent sudden death in patients with serious ventricular ectopic 
activity, and also, like other antiarrhythmics, it has potentially 
serious adverse effects including the ability to worsen arrhythmias. 
it is therefore essential that each patient given tocainide be 
evaluated electrocardiographically and clinically prior to and during 
tocainide therapy to determine whether the response to tocainide 
supports continued treatment. 


For a Brief Summary of Prescribing Information, please see last page of this advertisement. 
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Adverse Short-term Long-term 


reactions (n = 1,358) (n = 262) Reactions leading 


Lightheadedness/ to therapy . 
dizziness 8.0 153 discontinuation 
Nausea 15.2 14.5 occurred in 21% 

Paresthesia/ А гара In 
numbness 3.5 9.2 ong-term 
Tremor 2.9 8.4 (2 е б m 
n lalis. 
Sweating 51 2.3 
Rash 0.4 8.4 


The most frequently reported adverse reactions, expressed as a 
percentage of patients receiving TONOCARD® (Tocainide HCI, MSD) 
in short-term and long-term controlled clinical trials. 


L These adverse reactions were generally mild, transient, dose- 
related, and reversible with reduction in dosage, by taking 
the drug with food, or by therapy discontinuation. 


L Петог may be useful as a clinical indicator that the maximum 
dose is being approached. 


CNS and Gl reactions 
are common... 





E 





No interaction seen with digoxin. 


1 In specific interaction studies and open clinical studies with digoxin 
and TONOCARD, no clinically significant interaction was seen. 


Г1 TONOCARD is equally effective in digitalized and nondigitalized 
patients. 








TONOCARD 


Digoxin 


Other antiarrhythmics, anticoagulants, and diuretics were given with 
TONOCARD in open studies, without evidence of clinically significant 
interaction. 


Beta blockers have been used with TONOCARD in open studies, without 
evidence of clinically significant interaction. 


Г1 However, in a specific interaction study, TONOCARD and metoprolol 
had additive effects on wedge pressure and cardiac index. 


Caution should be exercised in the use of multiple-drug therapy. 


Caution should be used in the institution or continuation of antiarrhythmic therapy in the 
presence of signs of increasing excessive depression of cardiac conductivity. 


For a Brief Summary of Prescribing Information, please see last page of this advertisement. 





but usually 





mild and manageable. 
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Like other antiarrhythmics, tocainide has not been shown to 


prevent sudden death in patients with serious ventricular ec- 
topic activity. and also, like other antiarrhythmics, it has poten- 


tially serious adverse effects. including the ability to worsen 
arrhythmias. It is therefore essential that each patient given 
tocainide be evaluated electrocardiographically and clinically 
prior to. and during. tocainide therapy to determine whether 
the response to tocainide supports continued treatment 
CONTRAINDICATIONS: Patients who are hypersensitive to 
this product or to local anesthetics of the amide type 

Patients with second or third degree atrioventricular block 
in the absence of an artificial ventricular pacemaker 


WARNINGS: Blood Dyscrasias: Leukopenia. agranulocyto- 


sis. hypoplastic anemia, and thrombocytopenia. possibly drug 


related, have been reported in patients receiving TONO- 


CARD. Many of these events occurred in patients who were 


seriously ill and who were receiving concomitant drugs. Pa- 
tients should be instructed to promptly report the develop- 


ment of bruising or bleeding and any signs of infection such 


as fever, sore throat, or chills Periodic blood counts are rec- 


ommended, particularly during the first six months of therapy 


If any of these hematologic disorders is identified, TONO- 


CARD should be discontinued and appropriate treatment 
should be instituted if necessary. Blood counts usually return 
to normal within one month of discontinuation (see ADVERSE 
REACTIONS) 


Acceleration of Ventricular Rate. Acceleration of ventric- 
ular rate occurs infrequently when antiarrhythmics are admin- 


istered to patients with atrial flutter or fibrillation (see ADVERSE 
REACTIONS) 

PRECAUTIONS: Genera’ Pulmonary Fibrosis: Pulmonary 
fibrosis. pneumonitis. alveolitis, pulmonary edema, and 
pneumonia, possibly drug related, have been reported in 


patients receiving TONOCARD Many of these events oc- 


curred in patients who were seriously ill. The experiences are 
usually characterized by bilateral infiltrates on x-ray and are 
frequently associated with dyspnea and cough. Fever may or 
may not be present. Patients should be instructed to promptly 
report the development of any pulmonary symptoms such as 


exertional dyspnea. cough or wheezing. Chest x-rays are ad- 


visable at that time. If these pulmonary disorders develop 


TONOCARD should be discontinued (see ADVERSE REAC- 


TIONS) 

In patients with known heart failure or minimal cardiac 
reserve, TONOCARD should be used with caution because 
of the potential for aggravating the degree of heart failure 

Caution should be used in the institution or continuation 


of antiarrhythmic therapy in the presence of signs of increas- 


ing depression of cardiac conductivity 
In patients with severe liver or kidney disease. the rate of 


drug elimination may be significantly decreased (see DOS- 


AGE AND ADMINISTRATION) 

Since antiarrhythmic drugs may be ineffective in patients 
with hypokalemia, the possibility of a potassium deficit should 
be explored and. if present. the deficit should be corrected 

Like all other oral antiarrhythmics, TONOCARD has been 


reported to increase arrhythmias in some patients (see AD- 


VERSE REACTIONS) 
Drug Interactions: Specific interaction studies with digoxin 
and metoprolol have been conducted. no clinically significant 


interaction was seen with digoxin, but tocainide and metopro- 


lol had additive effects on wedge pressure and cardiac index 


TONOCARD has also been used in open studies with digitalis, 
beta-blocking agents. other antiarrhythmic agents. anticoag: 


ulants, and diuretics, without evidence of clinically significant 
interactions. Nevertheless, caution should be exercised in the 
use of multiple drug therapy 


TONOCARD is equally effective in digitalized and поп: 


digitalized patients In 17 patients with refractory ventricular 
arrhythmias on concomitant therapy. serum digoxin levels 


(11+ 04 ng/mL) remained in the expected normal range (0 5- 


2.5 ng/mL) during tocainide administration 

Pregnancy. Pregnancy Category С: In a teratogenicity study 
in rabbits, tocainide was administered orally at doses of 25 
50. and 100 mg/kg/day (about 1 to 4 times the usual human 
dose) No evidence of a drug-related teratogenic effect was 


noted; however, these doses were maternotoxic and pro- 


duced a dose-related increase in abortions and stillbirths. In 
a teratogenicity study in rats, an oral dose of 300 mg/kg/day 
(about 12 times the usual human dose) showed no evidence 
of treatment-related fetal malformations. but maternotoxicity 
and an increase in fetal resorptions were noted An oral dose 
of 30 mg/kg/day (about twice the usual human dose) did not 
produce any adverse effects 

In reproduction studies in rats at maternotoxic oral doses 
of 200 and 300 mg/kg/day (about 8 and 12 times the usual 
human dose. respectively), dystocia, and delayed parturition 
occurred which was accompanied by an increase in stillbirths 


and decreased Survival in offspring during the first week post- 


partum. Growth and viability of surviving offspring were not 
affected for the remainder of the lactation period 
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There are no adequate and well-controlled studies in 


pregnant women TONOCARD should be used during preg- 


nancy only if the potential benefit justifies the potential nsk to 
the fetus 

Nursing Mothers. It is not known whether tocainide is secreted 
in human milk. Because many drugs are secreted in human 


milk and because of the potential for serious adverse reac- 


tions in nursing infants from TONOCARD. a decision should 
be made whether to discontinue nursing or to discontinue the 
drug. taking into account the importance of the drug to the 
mother 

Pediatric Use: Safety and effectiveness in children have not 
been established 


ADVERSE REACTIONS: TONOCARD commonly procuces 
minor. transient, nervous system and gastrointestinal adverse 


reactions, but is otherwise generally well tolerated TONO- 


CARD has been evaluated in both short-term (п = 1.358) and 


long-term (n = 262) controlled studies as well as a compas- 


sionate use program Dosages were lower in most cf the 


controlled studies (1200 mg/day) and higher in the compas- 


sionate use program (1800 mg and more) In long-term (2-6 


months) controlled studies. the most frequent adverse reac- 


tions were lightheadedness/dizziness (15.3 percent), nausea 
(14.5 percent), paresthesia/numbness (9 2 percent). and 
tremor (84 percent) These reactions were generally mild 


transient. dose-related and reversible with a reduction in dos- 
age. by taking the drug with food, or by therapy discontinua- 


tion Tremor. when present, may be useful as a clinical indicator 


that the maximum dose is being approached Adverse reac- 
tions leading to therapy discontinuation occurred in 21 per- 


cent of patients in long-term controlled trials and were usually 
related to the nervous system or gastrointestinal system 
Adverse reactions occurring in greater than one percent 


of patients from the short-term and long-term controlled stud- 


ies appear in the following table 


Percent of Patients 
Controlled Studies 
Short-term Long-term 
(n21358) (п=262) 


NERVOUS SYSTEM 
Lightheadedness/dizziness/ 


vertigo/giddiness 80 15.3 
Paresthesia/numbness 35 92 
Tremor/quivering/tremulousness 29 B4 
Confusion/disorientation/ 

hallucinations 21 "A. 
Altered mood/awareness 55 3.4 
Restlessness/shakiness/ 

nervousness 15 04 
Blurred vision/visual 

disturbances 13 15 
Discoordination/unsteadiness/ 

walking disturbances |». 0C 
Anxiety 11 1.8 
Tinnitus/hearing loss 04 15 
Ataxia 02 3.0 
Nystagmus 0.0 1.1 

GASTROINTESTINAL SYSTEM 
Nausea 15.2 14 5 
Vomiting 83 46 
Anorexia кә 19 
Diarrhea/loose stools 00 38 
CARDIOVASCULAR SYSTEM 
Hypotension 34 27 
Bradycardia 18 04 
Palpitations 18 04 
Chest pain 16 04 
Conduction disturbances 1.5 00 
Left ventricular failure 14 0.0 
OTHER 
Sweating/cold sweat/night sweats/ 

clammy 21 23 
Headache г 46 
Tiredness/drowsiness/fatigue/ 

lethargy/lassitude/sleepiness 16 08 
Hot/cold feelings 05 1.5 
Rash/skin lesion 04 84 


An additional group of about 2.000 patients has been treated 


in a program allowing for the use of TONOCARD under com- 


passionate use circumstances. These patients were seriously 


Ill with the large majority on multiple drug therapy. and сот: 


paratively high doses of TONOCARD were used Fifty-four 
percent of the patients continued in the program for one year 
or longer. and 12 percent were treated for longer than three 
years. with the longest duration of therapy being nine years 


Adverse reactions leading to therapy discontinuation oc- 
curred in 12 percent of patients (usually central nervous sys- 


tem effects or rash). A tabulation of adverse reactions 
occurring in one percent or more of patients follows 


MSD 
MERCK 


An oral analog of lidocaine 
for the suppression of symptomatic 
ventricular arrhythmias 
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Percent of Patient 
Compassionate Ug 


(n= 1,927) 
NERVOUS SYSTEM 
Lightheadedness/dizziness 

vertigo/giddiness 253 
Tremor/quivering/tremulousness 216 
Restlessness/shakiness/ 

nervousness 11:5 
Confusion/disorientation/ 

hallucinations 11:2 
Altered mood/awareness 110 
Ataxia 108 
Blurred vision/visual disturbances 100 
Paresthesia/numbness 92 
Nystagmus 11 

GASTROINTESTINAL SYSTEM 
Nausea 246 
Anorexia 113 
Vomiting 90 
Diarrhea/loose stools 68 
CARDIOVASCULAR SYSTEM 
Increased ventricular arrhythmias/ 

PVCs 109 
CHF/progression of CHF 40 
Tachycardia 3.2 
Hypotension 18 
Conduction disturbances 13 
Bradycardia 10 

OTHER 
Rash/skin lesion 122 
Sweating/cold sweat/night sweats/ 

clammy 83 
Arthritis/arthralgia 47 
M yalgia Vf 
Lupus 16 





Adverse reactions occurring in less than one percent of p. 
tients in either the controlled studies or the compassionati 
use program are as follows 

Nervous System. Coma. convulsions/seizures, depre 
sion, psychosis, mental change. agitation, altered taste/sme 
difficulty concentrating, diplopia, dysarthria, impaired mer 
огу, increased stuttering/slurred speech, insomnia/sleepini 
disturbance, local anesthesia; nightmares, thirst. weaknes 
myasthenia gravis 

Gastrointestinal System Abdominal pain/discomfor 
constipation, dysphagia. gastrointestinal symptoms (inclut 
ing dyspepsia) 

Cardiovascular System. Ventricular fibrillation. extensior 
of acute myocardial infarction, cardiogenic shock. angina, A\ 
block, hypertension. increased QRS duration, pleurisy/per 
carditis, prolonged QT interval, right bundle branch bloc! 
syncope, vaso-vagal episodes, cardiomegaly, sinus arrest 

Pulmonary System Respiratory arrest, pulmonary edem: 
pulmonary embolism. pulmonary fibrosis, alveolitis, onet 
monia, pneumonitis, dyspnea 

Other: Hematologic disorder (agranulocytosis. hypc 
plastic anemia, anemia. leukopenia. thrombocytopenia), ir 
creased ANA, urinary retention, polyuria/increased diuresis 
alopecia, cinchonism, claudication, cold extremities, dry 
mouth, earache, edema. fever. hiccups. itching. leg cramps 
malaise, metallic/menthol taste, muscle twitching/spasm, пес} 
pain, pain radiating from neck. pallor/flushed face. pressure 
on shoulder, yawning 

Leukopenia, agranulocytosis. hypoplastic anemia, anc 
thrombocytopenia, possibly drug related, have been re 
ported (0.10 percent) in patients receiving TONOCARD ir 
controlled trials and the compassionate use program These 
hematologic disorders usually occurred after 2-12 weeks o 
therapy and two patients died These events usually occurrec 
in seriously ill patients who were receiving concomitant drug: 
known to be associated with hematologic disorders (see 
WARNINGS) 

Pulmonary fibrosis, pneumonitis, alveolitis; pulmonar) 
edema. and pneumonia. possibly drug related. have beer 
reported in patients receiving TONOCARD The incidence 
of pulmonary fibrosis was 003 percent in controlled trial: 
and the compassionate use program. These events usually 
occurred in seriously ill patients. Symptoms of these pulnic 
nary disorders and/or x-ray changes usually occurred foll 
ing 3-18 weeks of therapy and two patients died (see 
PRECAUTIONS) 


HOW SUPPLIED: Tablets containing 400 mg or 600 mg ir 
bottles of 100 and unit-dose packages of 100 





For more detailed information, consult your MSD Repre 
sentative and the Prescribing Information. Merck Sharp 
& Dohme, Division of Merck & Co., Inc., West Point, PA 
19486. 
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Electrophysiologic Evaluation and Follow-Up 
Characteristics of Patients with Recurrent 
Unexplained Syncope and Presyncope 


JOHN U. DOHERTY, MD, DARLENE PEMBROOK-ROGERS, E. WAYNE GROGAN, MD, 
RITA A. FALCONE, ALFRED E. BUXTON, MD, FRANCIS E. MARCHLINSKI, MD, 
DENNIS M. CASSIDY, MD, MICHAEL G. KIENZLE, MD, JESUS M. ALMENDRAL, MD, 
and MARK E. JOSEPHSON, MD 


One hundred nineteen patients with unexplained 
syncope (82%) or presyncope (1896) underwent 
complete electrophysiologic study (EPS). Symp- 
toms were recurrent in 72% of the patients. Fifty- 
two percent of the patients had structural heart 
disease. Forty-one patients had normal EPS results 
and 78 had electrophysiologic abnormalities (ven- 
tricular tachycardia in 31, induced atrial flutter/ 
fibrillation in 17, vasovagal syncope in 8, hyper- 
sensitive carotid sinus syndrome in 7, supra- 
ventricular tachycardia in 6, heart block in 5 and 
sick sinus syndrome in 4). The presence of struc- 
tural heart disease (p = 0.0033) and previous myo- 
cardial infarction (p = 0.05) were the only clinical 
or electrocardiographic predictors of a positive EPS 
response. 

Therapy was guided by EPS and patients were 
followed for 27 + 20 months (mean + standard 


Syncope and presyncope are vexing clinical problems 
with a variety of cardiac and noncardiac causes. Syncope 
accounts for about 3% of emergency room visits and 1% 
of a general hospital's medical admissions." Although 
determination of the cause of syncope based on clinical 


From the Clinical Electrophysiology Laboratory, Hospital of the Uni- 
versity of Pennsylvania, Cardiovascular Section, Department of Medi- 
cine, University of Pennsylvania School of Medicine, Philadelphia, 
Pennsylvania. This study was supported in part by grants from the 
American Heart Association, Southeastern Pennsylvania Chapter, 
Philadelphia, Pennsylvania, and Grants HL00361 and HL24278 from 
the National Heart, Lung, and Blood Institute, Bethesda, Maryland. 
Manuscript received September 27, 1984; revised manuscript received 
November 26, 1984, accepted November 29, 1984. 

Address for reprints: John U. Doherty, MD, Cardiovascular Section, 
Room 654 Ravdin Building, Hospital of the University of Pennsylvania, 
3400 Spruce Street, Philadelphia, Pennsylvania 19104. 
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deviation). In the patients with negative EPS results, 
76 + 1196 (mean + standard error) were symp- 
tom-free at follow-up, compared to 68 + 10% in the 
group with positive EPS responses. No clinical 
variables helped to predict remission in the absence 
of therapy. One patient in the negative EPS response 
group and 2 patients in the EPS positive group died 
suddenly (cumulative survival 94 + 4%). Total 
cardiovascular mortality was 13% in the positive 
EPS response group, and 4% in the negative EPS 
response group. Thus, certain clinical characteristics 
are helpful in selecting patients for study. Electro- 
physiologically guided therapy is associated with a 
recurrence and sudden death rate similar to an un- 
treated control group. EPS can identify a subgroup 
of patients at low risk of recurrence of symptoms 
and sudden death in the absence of therapy. 

(Am J Cardiol 1985;55:703-708) 


and noninvasive laboratory data is plagued by problems 
with sensitivity and specificity,? patients can generally 
be separated into prognostic subgroups on the basis of 
these evaluations.* Several investigators have reported 
series of patients with syncope evaluated by invasive 
electrophysiologic testing.?-? Various electrophysiologic 
abnormalities have been identified with this technique 
and therapy has been undertaken based on the results, 
but too few patients have been studied and follow-up 
has been short. The current study is composed of a large 
patient cohort studied at the Hospital of the University 
of Pennsylvania over a 6-year period. We sought to 
characterize the electrophysiologic abnormalities in this 
group of patients and to determine if any clinical vari- 
ables are helpful in predicting which patients are likely 
to have a positive electrophysiologic evaluation. 
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RE ! No. of pts (M/F) 69/50 
М Аде (уг) 51+ 20 
Cardiac diagnoses 
8 Normal 48% 
| Coronary disease 24% 
Mitral prolapse 9% 
5 Hypertensive disease 6% 
ke Dilated cardiomyopathy 3% 
g Valvular heart disease 3% 
0 Other 7% 
Et. Clinical presentation 
4 Syncope 82% 
8 oF Presyncope 18% 
Ж. Multiple episodes 72% 
1 Single episode 28% 
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Methods 


1 Clinical criteria: Patients were included in the study if 
— they had had 1 or more syncopal episodes or more than 1 
| 2 presyncopal episode, and were studied at the Hospital of the 
—. University of Pennsylvania between October 1977 and De- 
„Ж cember 1983. Syncope was defined as loss of consciousness 
E: with spontaneous arousal without resuscitative measures. 
` Presyncope was defined as a feeling of imminent, without 
frank, loss of consciousness. If a bradyarrhythmia or tachy- 
arrhythmia was documented at the time of syncope, the pa- 
_ tient was excluded. Patients were excluded from analysis if 
there was evidence of a neurologic cause for syncope or if 
syncope was secondary to a hemodynamic abnormality (e.g., 
= aortic stenosis). All patients included in the study had a nor- 
mal neurologic examination and no evidence on clinical ex- 
amination for occlusive cerebrovascular disease. Only patients 
— who underwent full electrophysiologic evaluation, including 
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E . evaluation of supraventricular function, atrioventricular (AV) 
— . conduction, and ventricular stimulation were included. 

— — . Electrophysiologic study protocol: All patients had at 
— . least 3 No. 6Fr quadripolar catheters inserted percutaneously 
~ and positioned in the high right atrium, the His bundle region, 
~ and the right ventricular apex. Supraventricular function was 
- . evaluated as follows: The sinus node recovery time, corrected 
i. sinus node recovery time and sinoatrial conduction time 


(Strauss) were calculated by standard methods.?-1! Atrial 
_ premature depolarizations were then delivered after an 8-beat 
— drive at 2 paced cycle lengths (usually 600 and 400 ms) and the 
.. atrial premature depolarization brought in progressively 
- A earlier in diastole by 10-ms decrements until it failed to cap- 
| 2 ture. Rapid atrial pacing was then performed to AV Wencke- 
` bach or 2:1 AV capture. In selected instances, atropine (usually 
b 2 mg intravenously) or isoproterenol (1 to 4 ug/min until the 
sinus cycle length decreased by at least 25%) were adminis- 
_ tered to assess sinus node or AV nodal function, to stress the 
His-Purkinje system or to facilitate induction of supraven- 
. tricular tachycardia. AV block was diagnosed if third-degree 
E AV block, Mobitz II second-degree AV block or an HV greater 
~ than 100 ms were present during electrophysiologic testing. 
Л: The atrio-His (AH) and His-ventricular (HV) intervals were 
measured during sinus rhythm and during each atrially paced 
* gum length. Our ventricular stimulation protocol has been 
К ` reported in detail." Patients with sustained ventricular 
 сһусагана (VT) induced underwent 1 or more follow-up 
"studies on a variety of antiarrhythmic agents before 
р . discharge. 
ca — Definitions: Abnormalities in sinus node recovery time, 
corrected sinus node recovery time and sinoatrial conduction 
` time were defined by standard сгіќегіа.9-1! 
» Atrial fibrillation was considered present if the patient's 
baseline rhythm was normal sinus and atrial fibrillation 
: "m lasting for 1 minute or longer was initiated during the study. 
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TABLE П Electrophysiologic Findings 


Normal 41 
Ventricular tachycardia 

Sustained 24 

Nonsustained 7 
Atrial flutter/fibrillation 17 
Vasovagal 8 
Hypersensitive carotid 7 
SVT 6 
AV block 5 
Sick sinus syndrome 4 
Total 119 


AV = atrioventricular; SVT = supraventricular tachycardia. 


Atrial flutter was present if a sustained (i.e., lasting longer 
than 1 minute) atrial arrhythmia with a cycle length of 200 to 
250 ms was induced associated with a regular ventricular re- 
sponse. AV block was localized to the AV node or the His- 
Purkinje system from the His bundle electrogram. Abnor- 
malities in the AV nodal effective refractory period were not 
considered diagnostic for the purpose of this study, nor was 
block that was intra- or infra-Hisian seen with atrial prema- 
ture depolarizations during normal sinus rhythm. An HV 
interval greater than 100 ms was considered evidence of AV 
block.!? Carotid sinus massage was considered abnormal if 
sinus pauses of 3 seconds or longer associated with symptoms 
were encountered (cardioinhibitory). If symptoms with carotid 
sinus massage persisted despite pacing, an associated vaso- 
depressor element was assumed to be present.!4 Supraven- 
tricular tachycardia was characterized by an A-A interval of 
250 ms or longer and was further subdivided into sinus node 
reentry, AV nodal reentry, AV reentry or atrial tachycardia. 
Vasovagal syncope was considered to be present if it was 
suggested by clinical criteria and if the patient had abnor- 
malities reversible by atropine in sinus nodal or AV nodal 
function.1?!6 Repetitive ventricular responses from 1 to 3 were 
classified as normal. Nonsustained VT was defined as lasting 
between 4 complexes and 30 seconds. Sustained VT was de- 
fined as lasting longer than 30 seconds or requiring cardio- 
version or pacing termination before 30 seconds as a result of 
hemodynamic collapse. Stimulation was performed on a 
custom-designed programmable stimulator (Bloom Asso- 
ciates). Stimulation was performed at twice diastolic threshold 
through a constant current source. Recordings were made with 
an Electronics for Medicine Recorder (VR-16) interfaced to 
an ink-jet Recorder (Elema Mingograf) for graphic analysis. 
Paper speeds were 100 to 200 mm/s. 

Surface electrocardiogram: Prior myocardial infarction 
(MI) was diagnosed by standard electrocardiographic (ECG) 
criteria if supported by the clinical history. Previous MI in the 
presence of left bundle branch block was diagnosed by history 
and patient records. Bundle branch block, axis deviation, PR 
prolongation, QT prolongation and the presence of hyper- 
trophy were diagnosed by standard ECG criteria.!7 

Ambulatory monitoring: Twenty-four-hour ambulatory 
electrocardiograms (Holter monitors) were performed on 55 
patients with a 2-channel recorder (Del-Mar Avionics—Cardio 
Data). Holter monitors were analyzed for the presence of VT 
(defined here as 3 beats or greater) and the mean number of 
ventricular premature depolarizations (VPDs) per hour. 
Quality control was guaranteed with blinded insertion of 
hand-counted tapes for accuracy and rereading for precision 
at a rate of 1% of tapes. 

Follow-up: Follow-up was routinely determined at 6- 
month intervals in the patient cohort. Source of follow-up was 
the patient’s referring physician and was confirmed by phone 
conversation with the patient. The most recent follow-up was 
July 1984. Patients were routinely queried as to whether or 
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not they had suffered recurrent symptoms since discharge 
from the Hospital of the University of Pennsylvania, or 
whether there had been any change in their medical program. 
Patients were considered free of recurrence if they had not had 
symptoms during follow-up. Recurrent symptoms were con- 
sidered to be present if the patient had presyncope, syncope 
or sudden death in the period of follow-up. Deaths were de- 
fined as sudden, nonsudden cardiac, and noncardiac based on 
hospital records from the referring physicians. Deaths were 
classified as sudden if the patient died during sleep or within 
1 hour of the onset of symptoms. Patients were considered 
censored for analysis of recurrence or sudden cardiac death 
at the point they experienced nonsudden cardiac death or 
noncardiac death. 

Statistical analysis: Stepwise logistic regression analysis 
was performed to analyze clinical and ECG criteria to predict 
a positive electrophysiologic study (EPS) response. For this 
analysis, the presence of an abnormal EPS response was the 
dependent variable. Cox survival technique regression anal- 
yses were performed to ascertain which patient characteristics 
predicted remission of symptoms without therapy. Cumula- 
tive survival curves were constructed to describe recurrence 
of symptoms in the electrophysiologically normal and elec- 
trophysiologically abnormal patient groups. In addition, a Cox 
survivorship analysis was performed (both stratifying and not 
stratifying for EPS positivity) to ascertain if any patient 
characteristics (including EPS positivity) were significantly 
related to recurrence of symptoms. The Wilcoxon rank sum 
test was used to analyze the significance of the difference 
between the number of VPDs during ambulatory monitoring 
in the patients with and without inducible sustained ven- 
tricular arrhythmias. Contingency-table analysis was per- 
formed on dichotomized variables utilizing large sample chi- 
square and Fisher exact statistics. Pooled Student ¢ tests were 
used where appropriate. Differences were considered statis- 
tically significant if the p value was <0.05. Stepwise logisitic 
regression analysis, Cox survivorship regression analysis, and 
survival curves were generated using the BMDP statistical 
software package (University of California as modified for the 
DEC-10 by the University of Pittsburgh Computer 
Center). 


Results 


Patients: The patient population consisted of 119 
patients (69 men, 50 women), mean age 51 + 20 years 
(mean + standard deviation). The type of heart disease 
and clinical presentation are detailed in Table I. 

Electrophysiologic findings (Table IT): Forty-one 
patients had no abnormalities identified as EPS and 78 
patients had abnormal EPS findings. The electro- 
physiologic diagnoses are detailed in Table II. 

Ambulatory electrocardiographic monitoring 
(Fig. 1): Nine patients had VT, defined here as 3 or 
more complexes present on Holter monitoring. Of these 
9 patients, 2 patients had sustained УТ or ventricular 
fibrillation (VF) induced. Of 46 patients with no VT on 
Holter monitoring, 12 patients had sustained УТ or VF 
initiated. The presence of VT on Holter monitoring was 
neither sensitive nor specific in predicting laboratory 
induction of VT (difference not significant, x?). 

Chi-square analysis was also performed to correlate 
induced V'T and presence of more than 30 VPDs per 
hour and more than 100 VPDs/hour on ambulatory 
monitoring. The presence of more than 30 (p = 0.55) or 
more than 100 (p = 0.52) VPDs/hour was not useful in 
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TABLE Ill 
Electrophysiologic Study Results 
Relative 
p Value Risk Ratio 
Previous М! <0.01 14.4 
Cardiac diagnosis <0.01 3.2 
Male gender 0.03 2.4 
PR prolongation 0.08 3.1 
Multiple episodes 0.14 0.5 
Bundle branch block 0.49 1.2 
Syncope vs presyncope 0.53 1.4 
Hypertrophy on ECG 0.59 1.9 
Axis deviation 0.73 1.2 u.c 
Age 0.05 EPS positive EE 
55.5 + 2.2 yrs. | 
EPS negative Ee 
43.9 + 3.3 yrs 





ECG = electrocardiogram; EPS = electrophysiologic study; МЕЛ 
myocardial infarction. 


VPD counts were tabulated in 47 patients. The me- 
dian value for VPDs/hour in the patients with inducible 
sustained ventricular arrhythmias was 84 + 55 (median — 
+ standard error) and was 0 + 5 in those patients with — 
no inducible sustained ventricular arrhythmias (p = 
0.05 Wilcoxon rank sum). However, there is substantial x 
overlap between those patients with inducible ven- | 
tricular arrhythmias and those patients with no in- 
ducible ventricular arrhythmias (Fig. 1). | 

Clinical characteristics predictive of a positive 
electrophysiologic study (Table III): Nine selected 
clinical and electrocardiographic variables were 
subjected to univariate analysis using chi-square sta- 
tistics except for age, where the pooled t test was used 
as well as stepwise logistic regression to identify pre- 
dictors of a positive EPS response (Table III). The rel- _ 
ative risk ratio is the odds of having a positive vs a 
negative EPS response for each listed category. The 
presence of structural heart disease (р = 0.0033) and _ 
previous MI (p = 0.05) were the only clinical or ECG _ 
variables that were helpful in predicting a positive EPS е | 
response in the logistic regression model. Ў 

Therapy: The details of therapy in patients with a 
positive EPS response listed in Table IV. n. 

Spontaneous remission of symptoms (Table Vy E 
Data were available for 33 untreated patients. Selected | d ў 
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FIGURE 1. Frequency distribution of ventricular premature depolar- 
izations (VPDs) in patients with induced ventricular tachycardia MOS 
and with no induced VT. 
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JJ TABLE IV Therapy in Patients with Positive 
Electrophysiologic Study Results 





Electrophysiologic Diagnosis 


^ . Sustained VT (п = 24) 
Nonsustained VT (n = 7) No treatment 
Atrial flutter or fibrillation (n = 17) | AVN block 7; type 15; Amio 1 
Supraventricular tachycardia (n = 6) AVN block 5; type | 1 
Vasovagal syncope (n — 8) No treatment 


Therapy 
Type | 14; Amio-7; 8-Ыоск-2 





— . Hypersensitive carotid (n = 7) Pacer 6 
Atrioventricular block (n = 5) Pacer 5 
т Sick sinus syndrome (п = 4) Pacer 3 
Г 


Amio = amiodarone; AVN = atrioventricular nodal block; 8 block 
= B-blocking drug; Pacer = permanent pacemaker; Type | = type | 


E d antiarrhythmic drug. 

e 

E. 

b variables were entered into a stepwise Cox survival 
. model to determine if any were predictive of remission 
E of symptoms without therapy. No variable was signifi- 
.. cantly associated with spontaneous remission. 

№ Follow-up: Mean, median and range of duration of 
_ follow-up were 32, 32 and 1 to 80 months in those pa- 
— tients with a normal EPS evaluation and 25, 33 and 1 
. to 66 months in those patients with an abormal EPS 
— evaluation. These differences were not significant either 
_ by pooled ¢ test or Wilcoxon rank sum. Follow-up was 
-. complete in 85 patients (28 with a normal and 57 pa- 
. tients with an abnormal EPS response (Fig. 2). Of those 
_ patients with a normal EPS response, 4 patients had 


. recurrent symptoms during the follow-up period, 
. yielding a remission rate of 76 + 11% (+ standard error) 
— in these patients. Treatment of these patients was en- 
. tirely at the discretion of the referring physician. Of 
these 4 patients, 1 patient died suddenly in the first 
. month of follow-up. This patient had no evidence of 
. structural heart disease and a normal EPS. Eleven of 
$ 57 patients with an abnormal EPS result had recurrent 
_ symptoms during the follow-up period, yielding a re- 
: mission rate of 68 + 10%. The electrophysiologic diag- 
- noses were: sustained uniform VT in 4, paroxysmal 
atrial flutter/fibrillation in 4, supraventricular tachy- 
cardia in 2, and vasovagal syncope in 1 patient. All but 
2 of the patients with recurrences were treated at the 
time of recurrence. А stepwise Cox survivorship analysis 
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24.. 300.3 42 48 54 60 66. 72 -78 
FOLLOW-UP MONTHS 
om Y 52 28 21 8 
NO. AT RISK 
... FIGURE 2. Curves relating cumulative recurrence in patients with a 
. normal (dotted line) and abnormal (solid line) electrophysiologic study 
|. response. 
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TABLEV Cox Model Predicting Spontaneous Remission 








Variable p Value 
Age 0.51 
Previous MI 0.66 
EPS positive 0.79 
Multiple episodes 0.90 
Cardiac diagnoses 0.91 


EPS = electrophysiologic study; MI = myocardial infarction. 


with covariates for gender, age, previous MI, cardiac 
diagnosis, multiple episodes and EPS positivity was 
performed to investigate relation predictive of recur- 
rence. None of these variables, however, were significant 
in predicting recurrence. 

Sudden death: Three patients died suddenly in the 
follow-up period. One of these patients died in the first 
month of follow-up; this patient did not have structural 
heart disease and had normal electrophysiologic re- 
sponses. The survival rate was thus 96 + 4%. The other 
2 sudden deaths were in patients with induced sustained 
VT and coronary artery disease, and occurred at 3 and 
28 months of follow-up respectively. The cumulative 
survival rate in patients with a positive EPS response 
is 94 + 4% (Fig. 3). 

Total cardiac death: An additional 3 patients suf- 
fered nonsudden cardiac death. This was a result of an 
acute ischemic event in 2 patients and refractory con- 
gestive heart failure in 1 patient. The cumulative sur- 
vival from all cardiovascular causes, both sudden and 
nonsudden (in the *EPS-positive" group) is 87 + 696 
(Fig. 4). 

Total mortality: There was 1 noncardiac death in the 
EPS- positive group, and this occurred at 5 months of 
follow-up. The survival rate is 84 + 6%. 


Discussion 


Comparison with other studies: Syncope and pre- 
syncope are disorders that result from a variety of car- 
diac and noncardiac causes.!9-?? Our patient cohort 
consisted of persons believed unlikely to have neurologic 
disease or cardiac disorders that cause syncope on a 
hemodynamic basis. Half of our patients had structural 
cardiac disease similar to other reported ѕегіеѕ.5-7 
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FOLLOW-UP MONTHS 
FIGURE 3. Cumulative survival curve in the group with abnormal 
electrophysiologic responses, analyzed for the occurrence of sudden 
death. See text for details. 
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Kapoor et al“ showed, using a largely noninvasive 
approach to the patient with syncope, that a suggestive 
diagnosis of the cause of syncope is made in approxi- 
mately half of patients. Although a precise diagnosis is 
not made in all patients, patients can generally be sep- 
arated into good and bad prognostic categories. Patients 
with a presumed cardiovascular mechanism of syncope 
were treated empirically and had a 12-month sudden 
death rate of 24% and a total mortality rate of 30%. The 
electrophysiologic findings in our patient cohort was 
similar to that in other series.?-? The induction of atrial 
fibrillation or supraventricular tachycardia has been 
considered a nonspecific response by some investiga- 
tors.’ However, atrial fibrillation that occurs clinically 
can be reproducibly initiated in the electrophysiology 
laboratory, and therapy devised on the basis of EPS 
may be efficacious.?! Furthermore, patients who present 
with syncope or presyncope have had symptoms re- 
produced with the induction of supraventricular 
tachycardia.?? 

Patients with nonsustained УТ induced during EPS 
were routinely not treated; none of these patients died 
suddenly or had recurrent syncope. Induction of non- 
sustained VT may represent a nonspecific response in 
a patient cohort with no documented arrhythmias. 
Prognosis in this subgroup is mainly related to the 
presence of heart disease and the induction of nonsus- 
tained VT probably does not offer additional prognostic 
information or mandate therapy.” Outcome in patients 
with induced nonsustained VT presenting with syncope 
and treated empirically has been reported to be similar 
to that of patients with no induced ventricular ar- 
rhythmias. The recurrence rate in both groups was 
about 40%.8 

Role of ambulatory monitoring: Previous studies 
have, in general, shown a lack of correlation between 
reported symptoms and the presence of arrhythmias 
during ambulatory monitoring. In 1 series,” 34% of 
patients had symptoms of syncope or presyncope with 
a normal rhythm documented. Forty-seven percent of 
patients had arrhythmias recorded without symptoms, 
and 13% had symptoms that correlated with arrhyth- 
mias. In a much larger study of 1,512 patients with 
ѕупсоре, 15 patients had syncope during the recording; 
in only 7 of these patients was an arrhythmia (usually 
ventricular) recorded at that time. Another 241 patients 
had presyncope during Holter monitoring; arrhythmias 
were recorded in 24 patients. The investigators con- 
cluded that arrhythmias that correlate with symptoms 
are infrequently recorded during ambulatory electro- 
cardiographic monitoring, although symptoms occur- 
ring without arrhythmias occurred in 15% of patients. 
Asymptomatic arrhythmias were very common in this 
patient cohort. In our patients, the presence of VT on 
Holter monitoring, usually nonsustained, was neither 
sensitive nor specific in predicting the induction of 
sustained VT. 

Patient selection for electrophysiologic study: 
The presence of structural heart disease and the history 
of MI were the only clinical and electrocardiographic 
variables that predicted a positive EPS response in the 


logistic regression model. This should be interpreted 
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with caution, however, because many patients with - 
neither of these clinical characteristics still had a posi- — - 


tive EPS response. Age, gender, the presence of multiple 
episodes and bundle branch block on the surface elec- 
trocardiogram were not helpful in predicting a positive 
EPS response in the logistic regression model. These 
clinical variables apparently reflect the presence of 
structural heart disease or a previous MI and do not 
offer additional prognostic information. In particular, 
bundle branch block which has been suggested as a 
marker for inducible УТ? was not helpful in predicting | 
a positive EPS response. This could be the result of 2 
factors. First, our EPS-positive group was compe 
of patients with electrophysiologic diagnoses other than - 
VT and AV block; second, bundle branch block, as - 
suggested by the Framingham study and other studies, 
is simply a reflection of underlying heart disease.?6:27 
Clinical predictors of spontaneous remission: 


Disappointingly, no clinical variables predicted remis- _ 


sion of syncope in the absence of therapy. This analysis 


is limited, however, by the small number of patients who _ 
had positive EPS response who were not treated. Re- _ 
ported spontaneous rates of remission in syncope have _ 


ranged from 43% to 83%.828 
Patient outcome: The presence of a negative EPS | 
response was helpful in defining a patient subgroup with 


a low risk of sudden cardiac death and a high rate of — 
remission of syncope. Treatment with amiodarone in _ 
3 of the 4 patients with induced sustained VT and re- _ 
current syncope during follow-up makes analysis | 5 


difficult, since electrophysiologic testing is probable 
not predictive of recurrence in patients treated with - 
amiodarone.?? 


The sudden death rate was low in this patient cohort. 


One patient died who had no structural heart disease 
and a completely negative EPS response. The other 2 
sudden deaths occurred in patients with coronary artery 
disease and induced sustained VT. This 6% sudden 
death rate in a mean follow-up of 25 months is low 
compared with a 12 month sudden death rate of 24% in 
the patient cohort described by Kapoor et al^ with a 
cardiovascular cause for syncope. The total cardiac 
death rate was 13% in our patients. All deaths in the 
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FIGURE 4. Cumulative survival curve in the group with abnormal — 


electrophysiologic responses, analyzed for total cardiovascular mor- E 


tality. See text for details. 
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pho RE | tients with coronary 
. artery disease and induced VT in the electrophysiologic 


M cardiac death without therapy also defines a subgroup 
. of patients at a higher risk of cardiovascular mortality 
— in general. The induction of nonsustained VT, however, 
E. which was untreated in this cohort, was associated with 
. по recurrences or sudden death. 


— . Despite the good patient outcome in the EPS-positive 
`. group in terms of recurrence, our enthusiasm is tem- 
. pered by the fact that the EPS-negative group had a 
Б _ similar rate of remission largely without therapy. Ob- 
_ viously, the patients in the EPS-positive group repre- 







v 


. arate of recurrence similar to that of the control group 
| _ may represent a salutary effect of therapy guided by 
ж EPS. A randomized trial of therapy or no therapy 
. is warranted in patients with recurrent syncope with- 
a out a documented arrhythmia and a positive EPS 


y 


= response. 

— Inconclusion, EPS was useful in defining a group of 
... patients with a low rate of recurrence and sudden death 
~ without therapy. Electrophysiologically guided therapy 
—. in patients with a positive EPS response was associated 
- with a generally good patient outcome both in terms of 
P . recurrence and sudden and nonsudden cardiac death. 
. Certain clinical characteristics are also helpful in de- 
. fining which patients may benefit from EPS. In par- 
EU ticular, patients with no abnormalities identified at EPS 
E a low risk of sudden cardiac death and a good 
_ chance of remission of symptoms without treatment. 
_ However, no clinical or ECG variables were successful 
. in predicting which patients would have remission of 
— symptoms without therapy. 

р Limitations of the study: The EPS-negative group 
- differed in the frequency of heart disease, and com- 


parison of sudden death and cardiovascular mortality 











-. rates must be interpreted with caution. The percentage 


.. electrophysiologically normal and abnormal groups, 
_ remains a limitation of the study. 
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Value of Holter Monitoring in Identifying Risk for Sustained 
Ventricular Arrhythmia Recurrence on Amiodarone 
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JOHN U. DOHERTY, MD, HARVEY L. WAXMAN, MD, and MARK E. JOSEPHSON, MD 





Seventy-four patients with sustained ventricular 
tachyarrhythmias had 22 + 3 hours of Holter mon- 
itoring before and after 11 + 6 days of amiodarone 
treatment. On control Holter recordings, 55 patients 
(group 1) had frequent (more than 10 extrasystoles 
per hour) and/or complex (at least couplets) ven- 
tricular ectopic activity (VEA), and 19 patients 
(group II) had infrequent and simple VEA. A positive 
Holter monitor response to amiodarone was defined 
as a decrease in VEA by more than 85% and abo- 
lition of all complex VEA. In group I, 34 patients 
(6296) had a positive Holter monitor response. In 
group Il, 16 patients (84%) had persistent, infre- 
quent and simple VEA and 3 had frequent and/or 
complex VEA. During a mean follow-up of 13 + 12 
months, 22 patients (30% ) had ventricular tachy- 
cardia (VT) or sudden death. In group І, VT or sudden 
death occurred in 6 of 34 (1896) patients with a 
positive Holter monitor response and 11 of 21 (52%) 
with a negative Holter monitor response (p <0.01), 
and in group Il, VT or sudden death occurred in 5 of 
16 patients (3196) with persistent, infrequent and 


simple VEA. All episodes of VT or sudden death © 
occurred after at least 2 weeks of amiodarone 


therapy (mean 5 + 6 months). The predictive ac- 


curacy of a positive Holter monitor response as ап ~ 


indicator for subsequent prevention of sustained 


ventricular tachyarrhythmias and sudden cardiac — 


death was 8296 and for a negative Holter monitor 
response as an indicator of tachyarrhythmia or 
sudden death recurrence on therapy it was 52%. 





Thus, in patients with sustained ventricular tachy- — . 


arrhythmias, (1) VEA on the Holter recording too 
infrequent to index a response to amiodarone will 
be present in 2596 of patients; (2) amiodarone is 


usually effective in suppressing frequent and com- : E 
plex VEA; (3) abolition of complex and frequent  . 


ectopic activity during amiodarone therapy predicts 


control of sustained ventricular arrhythmias; and (4) _ 


failure to control VEA does not preclude control of 
sustained ventricular arrhythmias with amiodarone 
therapy in 50% of patients. 


(Am J Cardiol 1985;55:709-712) _ 





Amiodarone has been reported to be effective in con- 
trolling recurrent ventricular tachycardia (VT) and 
preventing cardiac arrest in 25 to 95% of patients.!-!? 
The value of electrophysiologic testing in identifying 
patients most likely to respond to amiodarone is con- 
troversial.!!1-18 Adjunctive measures may be necessary 
to improve the ability to predict success or failure of 
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amiodarone therapy. This study prospectively deter- . 


mined whether the effect of amiodarone on spontaneous 
ventricular ectopic activity (VEA) as assessed by am- 
bulatory electrocardiographic monitoring is useful in 
identifying patients most likely to have effective control 
of sustained ventricular arrhythmias. 


Methods 
Patients: The study population included 63 men and 11 


women, aged 28 to 78 years (mean 59 + 12). Sixty-three pa- — — 


tients had coronary artery disease, 3 had valvular heart dis- 
ease, 3 had idiopathic dilated cardiomyopathy, 1 patient had 


hypertensive heart disease, 1 had arrhythmogenic right ven- и 


tricular dysplasia and 3 had no organic heart disease. 

Fifty patients presented with sustained VT, 21 with cardiac 
arrest with ventricular fibrillation (VF) as the only docu- 
mented arrhythmia, and 3 with recurrent syncope and no 
documented arrhythmias. In no patient did an arrhythmia 
develop in association with acute myocardial infarction. 














710 HOLTER MONITORING DURING AMIODARONE THERAPY 


Seventy-two of the 74 patients had sustained ventricular ar- 
rhythmias initiated during programmed ventricular stimu- 
lation using a protocol previously described.!9 In 67 of the 
patients, morphologically uniform sustained VT was initiated, 
and in 5 patients rapid, polymorphic VT was initiated which 
rapidly degenerated to VF. One patient in whom spontaneous 
recurrent VT was unresponsive to standard medical therapy 
and not inducible with programmed stimulation and 1 patient 
who presented with a cardiac arrest but had no inducible ar- 
rhythmias were also treated with amiodarone. Therapy with 
a mean of 3.2 + 1.4 standard antiarrhythmic agents had failed 
either clinically or in the electrophysiologic laboratory before 
beginning amiodarone therapy. Twenty-two patients had only 
a single episode of spontaneous ventricular arrhythmia before 
electrophysiologic testing and amiodarone therapy with the 
i; remaining patients having recurrent spontaneous episodes. 
pe Holter monitoring and amiodarone administration: All 
le patients initially underwent 10 to 24 hours (mean 21 + 3) of 
` continuous electrocardiographic monitoring in the absence 
of antiarrhythmic therapy. High-fidelity 2-channel cassette 
pe recordings were made using a Holter monitor (Avionics). 
E . Electrocardiographic analysis was performed using a techni- 
^. -cian-assisted computerized cross-correlation template 





. matching technique. All monitoring was overread by a phy- 
- . sician. The frequency, configuration and timing of all VEAs 
were determined. 

Amiodarone was initiated routinely with a loading dose of 
— 1,400 mg/day for 7 days (range 5 to 11, mean 7 + 1) and fol- 
-.. lowed by a maintenance dose of 400 mg/day (range 200 to 800, 
|. mean 430 + 110). After a mean of 11 + 6 days (range 5 to 60) 
_ of amiodarone therapy, Holter monitoring was repeated. No 
. . additional antiarrhythmic therapy was being administered 
_ at the time of Holter monitoring. Duration of the Holter 
A. monitoring during amiodarone administration ranged from 
17 to 24 hours (mean of 23 + 3). All patients continued to re- 
... ceive their maintenance dose of amiodarone therapy. 
j Definitions: Patients were classified into 2 groups based 
on the degree and complexity of VEA observed during base- 
line monitoring. 
Us Group I consisted of patients with more than 10 ventricular 
— premature complexes (VPCs) per hour or ventricular couplets, 


74 PATIENTS (VI/VF) 


| "NUN 
le BASELINE HOLTER 
GROUP I - 55 PTS GROUP II - 19 PTS 

| (+) VEA (-) VEA 

/ \ AMI ODARONE | \ 

UR 32 PTS 25 PTSS 16 PTS 3 PTS 
БЕТ (+) VEA (-) VEA (*) VEA 
| 26 NR 6R 12 NR 11 В 11 NR SR 3 NR OR 


... FIGURE 1. Results of ambulatory electrocardiographic monitoring during 
. the control state and after amiodarone treatment with subsequent 
. Clinical outcome in 74 patients with sustained ventricular tachycardia 
i _ Or ventricular fibrillation (VT/VF). (+)VEA = frequent (more than 10 
. ventricular premature complexes [VPCs] per hour) or complex (at least 
_ couplets) ventricular ectopic activity; (—)VEA = infrequent and simple 
__ VEA; NR = no recurrence of VT or sudden death; R = recurrence of 
_ VT or sudden death. *Two of the 23 patients had more than 10 
— VPCs/hour but had a decrease in frequency of VPCs by more than 
. 700% and abolition of all complex VEA. 
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triplets, or nonsustained or sustained VT noted on Holter 
monitoring. 

Group II included patients with infrequent and simple 
VEA: fewer than 10 VPCs/hour and no evidence of ventricular 
couplets, triplets, or nonsustained or sustained VT. 

Positive Holter responders: Patients in group I in whom 
the frequency of VEA decreased by at least 85%20 and all 
ventricular couplets, triplets and VT were abolished. 

Negative Holter responders: Patients in group I with per- 
sistence of ventricular couplets, triplets, or VT or in whom 
frequent VEA failed to decrease by at least 8595.20 

Drug (amiodarone) success: No recurrence of document- 
ed sustained ventricular arrhythmia or sudden cardiac 
death after at least 2 weeks of amiodarone loading and 
maintenance. 

Drug (amiodarone) failure: Documented recurrence of 
sustained ventricular arrhythmia or sudden cardiac death 
after at least 2 weeks of amiodarone loading and maintenance 
therapy. 

Sudden cardiac death: Witnessed instantaneous death or 
unexpected death during sleep. 

Sustained ventricular tachycardia: VT lasting longer than 
30 seconds. 

Follow-up and data analysis: Follow-up information was 
obtained at the time of the revisit to the Arrhythmia Evalu- 
ation Center at the Hospital of the University of Pennsylvania 
or, when the patient lived a long distance from the center, by 
telephone conversation with the patient and the patient’s 
private physician. All electrocardiograms demonstrating 

suspected sustained VT were reviewed by at least 1 of the 
investigators. Statistical analyses were performed using chi- 
square analysis. A p value <0.05 was considered significant. 
Data are expressed as mean + standard deviation unless 
otherwise specified. 


Results 


Baseline Holter monitor findings (Fig. 1): Fifty- 
five patients (group I) had frequent VEA (mean 149 + 
175 VPCs/hour, range 12 to 657) or ventricular couplets, 
triplets or VT during electrocardiographic monitoring. 
Forty-one of the 55 patients had both frequent and 
complex VEA and 9 had only frequent (more than 10 
VPCs/hour) and 5 only complex VEA (couplets, triplets 
or VT). The remaining 19 patients (group II) had fewer 
than 10 VPCs/hour (mean 1 + 1, range 0 to 5) and no 
ventricular couplets, triplets or VT. 

Response to amiodarone therapy: After institution 
of amiodarone therapy, 34 of the 55 patients (62%) in 
group I had a positive Holter response; 21 (38%) con- 
tinued to have complex and/or frequent VEA. Of the 
remaining 19 patients (group II), 16 (84%) continued to 
have infrequent and simple VEA and 3 had more than 
10 VPCs/hour or ventricular couplets or triplets on re- 
peat monitoring during amiodarone therapy. 

In group I, 32 of the 34 patients with a positive Holter 
response had fewer than 10 VPCs/hour on Holter 
monitor obtained during amiodarone therapy (mean 1 
+ 1 VPCs/hour) while 2 patients decreased their fre- 
quency of VPCs by more than 700% but still had more 
than 10 VPCs/hour (Fig. 1). Eighteen of the 21 patients 
in group I with a negative Holter response continued to 
have more than 10 VPCs/hour (mean 84 + 242) and 3 
demonstrated only complex VEA. Forty-eight patients 
had infrequent and simple VEA during amiodarone 
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therapy and 26 patients had frequent (>10 VPCs/hour) 
and/or complex VEA (Fig. 1). 

Relation of Holter findings to outcome: Twenty- 
two patients (30%) had recurrence of УТ (15 patients) 
or sudden cardiac death (7 patients) during a mean 
follow-up of 13 + 12 months. АП 52 patients who did not 
have a recurrence of their arrhythmia have been fol- 
lowed for at least 3 months. All episodes of drug failure 
occurred after at least 2 weeks (>12 g total amiodarone 
dose) with a mean time to drug failure of 5 + 6 months. 
Five of the 22 patients (24%) in whom drug therapy 
failed and 17 (3190) of the 54 patients who had no ar- 
rhythmias during amiodarone treatment (difference not 
significant) had only 1 previous clinically documented 
spontaneous episode of sustained ventricular arrhyth- 
mia before the initiation of amiodarone therapy. 

In group I (Fig. 2), in 6 of 34 patients (18%) with a 
positive Holter response and in 11 of 21 patients (52%) 
with a negative Holter response, amiodarone treatment 
failed (p «0.01). In group II, in 5 of the 16 patients (3196) 
who continued to have infrequent simple VEA ami- 
odarone treatment failed. In none of the remaining 3 
patients in group II who had an increase in frequency 
or complexity of VEA during amiodarone therapy did 
treatment fail. 

Predictive accuracy based on Holter result: An- 
alyzing the Holter monitor results only during ami- 
odarone therapy for all patients (groups I and I1) 
without comparing it to the baseline electrocardio- 
graphic monitoring revealed a limited predictive accu- 
racy for the absence or the presence of frequent or 
complex VEA during amiodarone therapy. The pre- 
dictive accuracy of a Holter monitor during amiodarone 
therapy that showed infrequent and simple VEA in 


ventricular stimulation.2122 Although still controversial, — 


the value of the response to programmed stimulation 
for predicting the clinical efficacy of amiodarone in 
controlling sustained ventricular arrhythmias appears 
limited.!!-18 A minority of patients no longer have in- 
ducible arrhythmias during amiodarone administration 
despite long-term clinical efficacy in most patients. 
The results of this study support the use of repeat 
Holter monitoring in a selected group of patients with 
frequent and complex VEA to help identify patients 
likely to have control of their sustained ventricular ar- 
rhythmia with amiodarone therapy. Nademanee et al 


reported that amiodarone decreased VPC frequency by - i 


90% and abolished complex VEA in all 13 patients 
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evaluated. In addition, Hamer et al" reported similar ` 


findings in 5 of 6 patients with a history of ventricular — 
arrhythmias. Clinical control of arrhythmias was uni- —— 
formly observed in both of these studies. In the current | 


report, which includes 55 patients with complex or 
frequent VEA, amiodarone abolished complex and 
controlled frequent VEA in 62% of the patients. In these 
patients, a positive Holter response predicted subse- 
quent clinical control of sustained ventricular ar- 
rhythmias in 82% of patients. 

Limitations of Holter monitoring in predicting 


clinical outcome during amiodarone therapy: A 
negative Holter response did not preclude clinical suc- — 


cess in controlling arrhythmia in approximately 50% of 
patients. A better predictor of failure would facilitate 
decision making regarding adjunctive or alternate forms 
of therapy. In addition, because 26% of our patients had 
no complex or frequent VEA during baseline Holter 
monitoring, we could not index an improvement (de- 





crease in ambient VEA) on Holter monitoring during — - 


determining the ability of amiodarone to effectively amiodarone therapy. In this group of patients, long- E 
prevent sustained ventricular arrhythmias was 11%. А term clinical success was slightly less than that in the — 
Holter result that showed frequent or complex VEA population that demonstrated abolition of VEA. 3 
during amiodarone therapy predicted drug failure in Morady et al? reported that the results of ambulatory J 
only 42%. The Holter monitor response in group I (Fig. electrocardiographic monitoring after 1 week of therapy — - 


2) was more accurate in predicting subsequent recur- 
rence of sustained ventricular arrhythmia. The predic- 
tive accuracy of a positive Holter response was 
82%, whereas that of a negative Holter response, i.e., 
persistence of frequent VPCs or complex VEA, was 52% 


(Fig. 2). HOLTER 
TNT RESPONSE t |-98 | 677 i 
Discussion TO x 
Amiodarone is reported to be effective in preventing AMIODARONE [^30 |. ТЕ i 


recurrence of sustained VT and VF not associated with 
acute myocardial infarction in 25 to 95% of patients.1-19 


OUTCOME 
SUCCESS FAILURE 


Differences in reported clinical efficacy have been at- + PREDICTIVE VALUE = 825 
tributed to differences in patient selection, dosing 
- PREDICTIVE VALUE - 525 


schedule and duration of follow-up. The ability to pre- 
dict amiodarone's success or failure at the outset of 
therapy would allow for other therapeutic modalities, 
including surgery and antitachycardia devices, to be 
considered early in patient management. 

Long-term clinical efficacy of standard antiar- 
rhythmic agents can usually be determined by showing 
that the agent is effective in preventing induction of the 
sustained ventricular arrhythmia by programmed 
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FIGURE 2. Response on Holter monitoring with respect to control of - 3 


frequent and complex ventricular ectopic activity (VEA) after a mean 


of 11 days of amiodarone therapy compared with subsequent clinical - i 
outcome during continued therapy. All 55 patients had frequent or к 
complex VEA during baseline monitoring. The plus sign refers toa  - 


positive Holter response marked by a decrease in VEA by at least 85% 
and total abolition of complex forms. 
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. with amiodarone (800 to 1,200 mg/day) were not pre- 
. . dictive of clinical outcome. Baseline monitoring was not 
performed; thus, the patients who had infrequent VEA 
-before institution of amiodarone treatment were not 
. identified. When analyzing our results based on only the 
~ ambulatory electrocardiographic monitoring performed 
` after initiation of amiodarone, we determined that a 
А Holter monitor that showed infrequent УЕА had а 
positive predictive value of only 77%. Similar to Morady 
et al,? we could not demonstrate a significant difference 
. in clinical outcome between patients with infrequent 
`. and simple VEA and those with frequent and/or com- 

- plex VEA. 

— Implications regarding the mechanism of ami- 
J— odarone’s antiarrhythmic effect: T'he mechanism for 
.. most episodes of sustained VT in man after myocardial 
- infarction is thought to be reentry.2?-2» Spontaneous 
| VPCs are thought to create the necessary unidirectional 









3 VT with extrastimuli introduced during programmed 


~ Stimulation, it does not appear to be able to abolish the 
E: y . . А . 

UM underlying electrophysiologic substrate required for 
3 arrhythmia development. This suggests that the major 


| toits dramatic effect of decreasing even the most com- 
E plex forms of VEA. This conclusion, however, appears 
— hasty. Herling et al? and Myerburg et al?” showed that 
—— frequent and complex VEA can persist despite long- 
E _ term control of sustained arrhythmia in patients treated 
-. medically or surgically or both. Furthermore, Waxman 

. et al? recently showed that most spontaneous episodes 
_ of VT are not initiated by multiple, closely coupled 
3 _VPCs, but rather, by single, late coupled VPCs that are 

- morphologically similar to sustained VT. Abolition of 


Б. 


.— frequent and complex VEA may be a marker for anti- 
тше efficacy in а limited number of patients 
_ rather than an explanation for the mechanism of the 
| antiarrhythmic effect of amiodarone. 

— A Limitations of current study: Holter monitoring 
. was performed after a mean of 11 days of amiodarone 
. therapy. Patients with significant VEA at the time of 
V ‘Holter monitoring may have had a decrease in ambient 
. есіору with an increased duration of therapy. This 
— Subsequent control of VEA may be associated with a 
_ successful clinical outcome, thus improving the pre- 
.. dictive value of both a positive and a negative Holter 
- response. Studies evaluating the time course for the 
B change in the Holter response may help to further de- 
— fine the role of the Holter monitoring during amioda- 
` rone therapy. In addition, since entry criteria for this 
— study included a baseline Holter monitor in the absence 
B or antiarrhythmic medication, there may have been a 
- Slight tendency to preselect for patients with a more 
` stable clinical course who may be less likely to have 
- sustained arrhythmia recurrence. However, since 75% 
` of the patients in this study had more than one spon- 
—. taneous episode of their clinical ventricular arrhythmia, 
. and all patients had refractory arrhythmias failing ei- 
| ther clinically or in the electrophysiologic laboratory а 


T 


. mean of 3.2 antiarrhythmic agents, the entrance criteria 


i. 


_ for this study did not appear to preselect for patients 


_ with easily controlled arrhythmias. 
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Catheter Mapping During Sinus Rhythm: 
Relation of Local Electrogram Duration 
to Ventricular Tachycardia Cycle Length 


DENNIS M. CASSIDY, MD, JOSEPH A. VASSALLO, MD, ALFRED E. BUXTON, MD, 
JOHN U. DOHERTY, MD, FRANCIS E. MARCHLINSKI, MD, and 
MARK E. JOSEPHSON, MD 





Catheter mapping was performed during sinus 
rhythm in 52 patients with 102 morphologically 
distinct ventricular tachycardias (VT). Twenty 
patients had a single VT morphologic pattern. 
The cycle length of VT was correlated with the du- 
ration of all electrograms and various electrogram 
subgroups, including abnormal, fractionated, late, 
and longest electrograms, as well as the electro- 
gram recorded at the site of origin of VT and at sites 
other than the site of origin using linear regression 
analysis. No correlation was found between local 


electrogram duration of any of these groups and VT 
cycle length. There was no relation regardless of 
whether the patient had a single or multiple mor- 
phologic patterns. Thus, the local electrogram du- 
ration measured with catheter mapping during sinus 


rhythm does not correlate with VT cycle length. This 


finding provides additional support that catheter 
mapping during sinus rhythm does not give sufficient 
information to guide localized endocardial resection 
for VT surgery. 

(Am J Cardiol 1985;55:7 13-7 16) 
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- . The mechanism of ventricular tachycardia (VT) related 


to chronic coronary artery disease is believed to be 
reentry associated with a fixed anatomic substrate. The 
duration of fractionated local endocardial electrograms 
appears to correlate with local conduction and pro- 
longed activation time in the experimental canine model 
of chronic infarction.'? This type of electrogram may 
thus be a marker of 1 of the 2 prerequisites for reentry, 
e.g., slow conduction. If electrogram duration measured 
by endocardial catheter mapping during sinus rhythm 
were to show a high degree of correlation with УТ cycle 
length, this would suggest that such recorded activity 
was within a potential reentrant circuit and thus might 
support the use of catheter mapping during sinus 
rhythm to localize VT origin, a currently disputed area 
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of investigation.?-19 We therefore correlated the dura- 
tion of the local endocardial electrogram in sinus 
rhythm at the site of origin of VT and other groups of 
electrograms, including all, abnormal, fractionated, lat- 
est, and longest electrograms with the cycle length of УТ. 


Methods 


'The patient group consisted of 52 patients who demonstrate 
102 morphologically distinct VTs. The clinical and VT char- 
acteristics of these patients have been previously described.® 
All patients underwent catheter mapping during sinus rhythm 
and during VT after informed written consent was ob- 
tained. | 

Electrograms were classified using criteria previously re- _ 
ported.®:!1 A normal electrogram was defined as having an 
amplitude of 3 mV or greater, duration 70 ms or less, or an 
amplitude/duration ratio of 0.046 or greater. All other elec- 
trograms were classified as abnormal. A subgroup of abnormal 
electrograms, defined as having high frequency multicom- 
ponents with an amplitude of 0.5 mV or less, a duration of 133 


ms or greater, or an amplitude/duration ratio of 0.005 or less — 


were classified as fractionated. 
Late was a qualitative description applied to each of the 


previously described electrogram types if any part of the - od 


electrogram was recorded after the QRS complex. The longest 


electrogram was the electrogram recorded having the greatest "d 


duration. 
The site of origin of VT as determined by catheter or op- 
erative mapping was arbitrarily defined as the earliest re- 
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TABLE! Relation of Electrogram Duration to Ventricular Tachycardia Cycle Length 
(All 102 Morphologic Patterns) 
Mean VT 
Mean Duration Cycle Length 
Electrogram Subgroup Pairs (ms) (ms) r 
i All electrograms 102 79 352 0.278 
Site of origin 102 90 352 0.350 
Nonsite of origin 102 75 352 0.252 
Abnormal 102 91 352 0.343 
Fractionated 51 130 355 0.628 
Late TE 103 359 0.118 
Longest 102 123 352 0.285 
^ VT = ventricular tachycardia. 
К corded electrical activity occurring in the last half of diastole Discussion 


E before the surface QRS during VT. All other sites were defined 
. as nonsites of origin. Tachycardia induction was performed 
2 . using standard methods previously described.!? 

— A Linear regression analysis was used to correlate the mean 
cycle length of each morphologically distinct VT with the mean 
duration of all electrograms and of each of the subgroups: 
site of origin, nonsite of origin, abnormal, fractionated, late, 
and longest. А separate analysis was performed in those pa- 
tients exhibiting only 1 morphologically distinct УТ. 


Mie + 


Results 


The results of the analysis in the 52 patients with 102 
= morphologically distinct VT are listed in Table I. The 
. mean duration of none of the subgroups of electrograms 

showed a close correlation with УТ cycle length. Figure 

1 shows the mean electrogram duration for the site of 
` origin subgroup (mean 90 ms) plotted against the VT 
` cycle length (mean 352 ms). The best correlation, al- 
— though still poor (r = 0.628), was seen with the mean 
— duration of all fractionated electrograms (mean 130 ms) 
_ vsthe VT cycle length (mean 355 ms). The results of the 
. analysis in patients with a single morphologically dis- 
— tinct VT are shown in Table II. These data also failed 
— toshow a good correlation of the duration of local elec- 
trogram, regardless of subgroup, to the УТ cycle length. 
. The duration of the electrograms at the site of origin 
-. (mean 90 ms) correlated poorly (r = 0.542) with the 
- cycle length of VT (mean 348 ms) (Fig. 2). 
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` FIGURE 1. Relation of linear regression plot of duration of electrograms 
. at the site of origin to ventricular tachycardia (VT) cycle length in all 
. patients. 


There is controversy concerning the use of catheter 
mapping during sinus rhythm to localize the VT site of 
origin.?-!? This controversy, exists in part, because of 
differences in definitions, but also because of differences 
in expected uses of catheter mapping during sinus 
rhythm. Previous work from this laboratory? showed 
that catheter mapping during sinus rhythm defined 
electrograms that although specific, were not very 
sensitive for VT site of origin; hence, they are not useful 
in guiding limited surgical endocardial resection for VT 
therapy. 

The mechanism of VT associated with chronic coro- 
nary artery disease is presumed to be reentry. This ob- 
servation was derived from indirect evidence obtained 
in humans, which includes the response of УТ to pro- 
grammed stimulation, drug interventions and activation 
mapping.!?-!7 Local electrogram duration has been 
suggested to be a manifestation of slow conduction.!9-22 
This requirement for reentry led to the hypothesis that 
local electrogram duration at the site of origin or at least 
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FIGURE 2. Linear regression plot of relation of duration at the site of 
origin to ventricular tachycardia (VT) cycle length in patients with a 
single ventricular tachycardia morphology. 
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TABLE II Relation of Electrogram Duration with Ventricular Tachycardia Cycle Length 


r 


TERTA 


(20 Single Morphologic Patterns) 


Electrogram Subgroup Pairs 
All electrograms 20 
Site of origin 20 
Nonsite of origin 20 
Abnormal 20 
Fractionated 14 
Late 14 
Longest 20 


VT = ventricular tachycardia. 


within the VT circuit should have a positive correlation 
with VT cycle length. This hypothesis, if correct, would 
support the use of catheter mapping during sinus 
rhythm as a useful clinical tool to localize the site of 
origin of VT. The results as noted above, however, fail 
to confirm this hypothesis in a group of patients with 
chronic coronary artery disease and recurrent VT. 
Specifically, no electrogram type or location, possessed 
a good correlation with VT cycle length. 

Proof of the hypothesis might have been more easily 
demonstrated in the group of patients with a single VT 
morphologic pattern, which presumably has a less 
complex substrate than that in patients with multiple 
VT morphologic patterns; however, this was not the 
case. 

There are several explanations why local electrogram 
duration does not correlate with VT cycle length. Local 
ventricular activation during VT may be markedly 
different than during sinus rhythm. This difference 
would effect local electrographic characteristics. Elec- 
trograms of long duration during sinus rhythm may 
represent conduction that is nonlinear and may reflect 
multiple wavefronts, aborted reentry, or merely slow 
conduction into dead end pathways. Recently, tissues 
from areas of fractionated electrograms have been 
studied using microelectrode techniques." The results 
showed areas of slow conduction occurring in areas with 
cells having normal membrane potentials at rest, which 
were uncoupled because of interstitial fibrosis. Asyn- 
chronous activation of anatomically separated muscle 
bundles was also noted. In addition to uncoupling of 
cells, this pathology would be expected to cause slow 
conduction as a result of heterogenous anisotropic 
conduction. The property of anisotropic conduction, 
which is present in normal cardiac tissue, becomes 
nonuniform in the presence of chronic infarction. 
These dynamic properties of cardiac muscle may not be 
represented with electrograms recorded during sinus 
rhythm. 

Limitations: The limitations of the present study 
include all those inherent to catheter mapping. The 
number of samples obtained may be too few; however, 
mapping done in the operating room with many more 
sample points has failed to alter our conclusions.? The 
verification of catheter position is a potential problem 
that we try to minimize by always having 2 independent 
observers present with expertise in this mapping 
scheme. 
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Mean VT 
Mean Duration Cycle Length 
(ms) (ms) r 
76 348 0.047 
90 348 0.542 
74 348 0.195 
92 348 0.251 
132 346 0.596 
119 346 0.619 
132 348 0.429 





Catheter interelectrode distance, contact and orien- E 


tation in the left ventricular cavity are all sources of | 4 


error in recording actual local activity of events that 
occur in 3-dimensional circuit. Hence, caution should 


be exercised when interpreting data about mechanisms ~ 


of slow conduction as related to VT when obtained with 
catheter mapping techniques. It is of interest, however, 
that similar findings have been observed intraopera- 
tively using narrower bipolar electrodes (1.5 mm) under 
direction vision? thus supporting our data from the 
catheterization laboratory. 

Conclusion: Local electrogram duration determined 
with catheter mapping during sinus rhythm does not 
correlate with VT cycle length and, hence, may not 


represent the requisite of slow conduction for reentry — 


to occur. This finding provides additional support that 
catheter mapping during sinus rhythm does not provide 
sufficient information to guide localized endocardial 
resection during VT surgery. 


Acknowledgment: We acknowledge the cardiac electro- 
physiology fellows, technicians of the electrophysiology lab- 
oratory and Linda Pentz for her secretarial assistance in the 
preparation of this manuscript. 
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About the book 


Derived from a symposium sponsored by the Infectious 
Disease Service, Department of Medicine and the 
Department of Pediatrics, Memorial Sloan-Kettering 
Cancer Center, New York City, and Cornell University 
Medical College, New York City, this book presents the 
latest thinking by international authorities, all of whom 
were invited to present findings in their area of expertise 
on the diagnosis, treatment, and prevention of various 
bacterial, fungal, viral, and parasitic infections presenting 
in patients with neoplastic disease. 


This is not just another "proceedings" volume. Rather 
itis an edited work, with papers by investigators who 
submitted definitive preparations for publication. Further- 
more, the authors take a strong position on their topics, 
ask probing questions and promote a stimulating forum 
of controversy. 


The result is a concise, dynamic study that belongs in 
the professional library of every physician treating 
patients with neoplastic disease. 
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Sloan-Kettering Cancer Center, and Professor of 
Medicine, Cornell University Medical College 
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“When the Ayerst rep told me 
it costs about 45¢ a day, 
I said you can stop right there.” 


Most doctors are pleasantly surprised to learn that the average cost of 
daily therapy with the world’s most widely used beta blocker is so little, 
not much more than the cost of a daily newspaper. 

When it's INDERAL (propranolol hydrochloride) tablets you want for 
your hypertension patients, remember to specify Dispense As Written 
(DAW) or Do Not Substitute on your prescriptions. That way, you can 
always be assured they'll get INDERAUL-. Please see next 

page for brief summary of prescribing information. 
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it costs about 45¢ a day, 
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BRIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR.) 


INDERAL* (propranolol hydrochloride) Tablets 


CONTRAINDICATIONS 
INDERAL is contraindicated in 1) cardiogenic shock, 2) sinus bradycardia and greater than 
first degree block, 3) bronchial asthma, 4) congestive heart failure (see WARNINGS) unless 
the failure is secondary to a tachyarrhythmia treatable with INDERAL. 
WARNINGS 

CARDIAC FAILURE: Sympathetic stimulation may be a vital component supporting circula- 
tory function in patients with congestive heart failure, and its inhibition by beta blockade may 
precipitate more severe failure. Although beta blockers should be avoided in overt conges- 
tive heart failure, if necessary they can be used with close follow-up in patients with a history 
of failure who are well compensated and are receiving digitalis and diuretics. Beta- 
adrenergic blocking agents do not abolish the inotropic action of digitalis on heart muscle 

IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of beta blockers 
can, in some cases, lead to cardiac failure. Therefore, at the first sign or symptom of heart 
failure, the patient should be digitalized and/or treated with diuretics, and the response 
observed closely, or INDERAL should be discontinued (gradually if possible). 


IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
angina and, in some cases, myocardial infarction, following abrupt discontinuance of 
INDERAL therapy. Therefore, when discontinuance of INDERAL is planned the dosage 
should be gradually reduced over at least a few weeks and the patient should be cau- 
tioned against interruption or cessation of therapy without the physician's advice. If 
INDERAL therapy is interrupted and exacerbation of angina occurs, it usually is advis- 


able to reinstitute INDERAL therapy and take other measures appropriate for the man- 
agement of unstable angina pectoris. Since coronary artery disease may be 
unrecognized, it may be prudent to follow the above advice in patients considered at risk 
of having occult atherosclerotic heart disease who are given propranolol for other 
indications. 





Nonallergic Bronchospasm (e.g., chronic bronchitis, emphysema) PATIENTS WITH 
BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA BLOCKERS. 
INDERAL should be administered with caution since it may block bronchodilation produced 
by endogenous and exogenous catecholamine stimulation of beta receptors 

MAJOR SURGERY: The necessity or desirability of withdrawal of beta-blocking therapy 
prior to major surgery is controversial. It should be noted, however, that the impaired ability of 
the heart to respond to reflex adrenergic stimuli may augment the risks of general anesthesia 
and surgical procedures. 

INDERAL, like other beta blockers, is a competitive inhibitor of beta-receptor agonists and 
its effects can be reversed by administration of such agents, e.g.. dobutamine or isopro- 
terenol. However, such patients may be subject to protracted severe hypotension. Difficulty in 
starting and maintaining the heartbeat has also been reported with beta blockers 

DIABETES AND HYPOGLYCEMIA: Beta-adrenergic blockade may prevent the appear- 
ance of certain premonitory signs and symptoms (pulse rate and pressure changes) of acute 
hypoglycemia in labile insulin-dependent diabetes. In these patients, it may be more difficult 
to adjust the dosage of insulin 

THYROTOXICOSIS: Beta blockade may mask certain clinical signs of hyperthyroidism. 
Therefore. abrupt withdrawal of propranolol may be followed by an exacerbation of symp- 
toms of hyperthyroidism. including thyroid storm. Propranolol does not distort thyroid function 
tests 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been 
reported in which, after propranolol. the tachycardia was replaced by a severe bradycardia 
requiring a demand pacemaker In one case this resulted after an initial dose of 5 mg 


propranolol. 

PRECAUTIONS 
General: Propranolol should be used with caution in patients with impaired hepatic or renal 
function. INDERAL is not indicated for the treatment of hypertensive emergencies 
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Beta-adrenoreceptor blockade can cause reduction of intraocular pressure. Patients 
should be told that INDERAL (propranolol hydrochloride) may interfere with the glaucoma 
screening test. Withdrawal may lead to a return of increased intraocular pressure 

Clinical Laboratory Tests: Elevated blood urea levels in patients with severe heart disease. 
elevated serum transaminase alkaline phosphatase, lactate dehydrogenase 

DRUG INTERACTIONS: Patients receiving catecholamine-depleting drugs such as reser- 
pine should be closely observed if INDERAL is administered. The added catecholamine- 
blocking action may produce an excessive reduction of resting sympathetic nervous activity 
which may result in hypotension, marked bradycardia, vertigo, syncopal attacks, or ortho- 
static hypotension. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term studies in animals have 
been conducted to evaluate tcxic effects and carcinogenic potential. In 18-month studies in 
both rats and mice, employing doses up to 150 mg/kg/day, there was no evidence of signifi- 
cant drug-induced toxicity There were no drug-related tumorigenic effects at any of the dos- 
age levels. Reproductive studies in animals did not show any impairment of fertility that was 
attributable to the drug. 

Pregnancy: Pregnancy Category C. INDERAL has been shown to be embryotoxic in animal 
studies at doses about 10 times greater than the maximum recommended human dose 

There are no adequate and well-controlled studies in pregnant women. INDERAL should 
be used during pregnancy only if the potential benefit justifies the potential risk to the fetus 

Nursing Mothers: INDERAL ıs excreted in human milk. Caution should be exercised when 
INDERAL is administered to a nursing woman. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 
Most adverse effects have been mild and transient and have rarely required the withdrawal of 
therapy 

Cardiovascular: bradycardia; congestive heart failure; intensification of AV block; hypoten- 
Sion; paresthesia of hands; thrombocytopenic purpura; arterial insufficiency, usually of the 
Raynaud type. 

Central Nervous System: Lightheadedness; mental depression manifested by insomnia, 
lassitude, weakness, fatigue; reversible mental depression progressing to catatonia; visual 
disturbances; hallucinations; an acute reversible syndrome characterized by disorientation 
for time and place, short-term memory loss, emotional lability slightly clouded sensorium, 
and decreased performance on neuropsychometrics. 

Gastrointestinal: nausea, vomiting, epigastric distress, abdominal cramping, diarrhea, 
constipation, mesenteric arterial thrombosis. ischemic colitis 

Allergic: pharyngitis and agranulocytosis, erythematous rash, fever combined with aching 
and sore throat, laryngospasm and respiratory distress. 

Respiratory: bronchospasm 

Hematologic: agranulocytosis. nonthrombocytopenic purpura, thrombocytopenic 
purpura. 

Auto-Immune: In extremely rare instances, systemic lupus erythematosus has been 
reported 

Miscellaneous: alopecia, LE-like reactions. psoriasiform rashes, dry eyes, male impo- 
tence, and Peyronie's disease have been reported rarely Oculomucocutaneous reactions 
involving the skin, serous membranes and conjunctivae reported for a beta blocker (practo- 
lol) have not been associated with propranolol. 

*The appearance of INDERAL tablets is a registered trademark of Ayerst Laboratories. 
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Value of Preexisting Bundle Branch Block in the 
Electrocardiographic Differentiation of Supraventricular 
from Ventricular Origin of Wide QRS Tachycardia 


JOHN DONGAS, MD, MICHAEL H. LEHMANN, MD, REHAN MAHMUD, MD, 
STEPHEN DENKER, MD, JOGINDER SONI, MD, and MASOOD AKHTAR, MD 





The relation between the morphologic configuration 
of QRS complexes during wide QRS tachycardia 
induced during electrophysiologic studies and sinus 
rhythm was examined in 18 patients who had 
preexisting left or right bundle branch block. Rep- 
resentative QRS complexes during sinus rhythm and 
during tachycardia were isolated from each patient 
and juxtaposed for comparison. The QRS complexes 
that constituted each pair were judged by 4 ob- 
servers as being identical, different or, if the decision 
was equivocal, similar. Nine patients had supra- 
ventricular tachycardia (SVT). In 8 of the 9 patients, 
all 4 observers found the QRS complexes during 
sinus rhythm and SVT identical in morphologic 
configuration. In the other patient, 2 observers found 
the QRS complexes identical and 2 found them 
similar. In 12 patients ventricular tachycardia (VT) 
was induced. In 11 of these 12, all 4 observers found 


the QRS complexes during VT different from their 
respective sinus beats. In the other patient, 3 ob- 
servers found the QRS complexes different, whereas 
the fourth found them similar. During SVT, the QRS 
duration was unchanged from the corresponding 
value during sinus rhythm, whereas in patients with 
VT, QRS width increased by a mean of 56 + 20 ms 
(p <0.001). The results of our study suggest that the 
electrocardiographic differentiation of wide QRS 
tachycardia in patients with preexisting bundle 
branch block can be accomplished easily and ac- 
curately by comparing the QRS complexes during 
tachycardia with those during sinus rhythm: If the 
complexes are identical, the tachycardia is supra- 
ventricular, but if they are different, the arrhythmia 
is ventricular in origin. 


(Am J Cardiol 1985;55:7 17-721) 





The differentiation of ventricular tachycardia (УТ) 
from supraventricular tachycardia (SVT) with aber- 
rancy remains a common and often perplexing clinical 
problem. Numerous electrocardiographic (ECG) criteria 
have been proposed to help discern the underlying 
ventricular or supraventricular origin of wide QRS 
tachycardias.!-* Only with the advent of invasive elec- 
trophysiologic testing, however, have these arrhythmias 
been initiated reproducibly and their supraventricular 
or ventricular origins identified accurately.° 

Using this method, Wellens et al“ critically examined 
a list of traditional and newer ECG criteria for differ- 
entiating VT from SVT with aberrancy. These criteria 
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included the presence of atrioventricular dissociation, 
QRS width >140 ms and left-axis deviation (which, if 
present, were said to support VT), as well as several 
particular QRS morphologic characteristics (favoring 
one or the other underlying mechanism). Wellens et al,* 
however, observed atrioventricular dissociation in fewer 
than 50% of the VT tracings analyzed. These investi- 
gators also found that other criteria that they assessed 
were useful only in patients without bundle branch 
block (BBB) during sinus rhythm. In light of the latter 
observation, they concluded that the differentiation of 
VT from SVT with aberrancy in the presence of a 
preexisting BBB is extremely difficult or impossible 
using the surface ECG alone." 

Although we agree that many of the aforementioned 
criteria may not be useful in patients with preexisting 
BBB, we hypothesized that the presence of such a 
“fixed” conduction disturbance actually should permit 
easy differentiation between SVT and VT. Under such 
circumstances all beats of supraventricular origin would 
have to be conducted preferentially over the remaining 
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|: о ТАКОО. Ж = its MN Bilas Se geh AE igi 
Eu wy Tue SEE MAT ah La CUR. y js эы TERM eet Mice ү а УСО i 
pe TABLE! Clinical and Electrocardiographic Features in Patients with Wide QRS Tachycardia and Preexisting Bundle Branch 
E Block* | 
"STU = 
ы PA КҮ QRS Morphology 
Ep During Sinus Rhythm During Tachycardia 
NCC EE TEE ar a LETT TC ЕЛЕП ТКМ Лл АК ЫЙЫЛЛАР EN rm Tachycardia Visual Morphologic 
Eo. Clinical BBB QRS Width BBB QRS Width Cycle Length Type of Comparison 
б. E Pt Diagnosis Pattern (ms) Axis Pattern (ms) Axis (ms) Tachycardia (by 4 Observers) 
Ё Ў um Supraventricular Tachycardia 
EY 
КЕ 1 CAD R 150 N R 150 N 510 AF HT 
E- 2 CAD R 130 N R 130 N 370 AVNR Il 
ы; З HHD R 140 L R 140 E 400 AVNR ШИ 
ho 4 CAD R 130 N R 130 N 400 CBT Hil 
be 5 CAD L 150 N L 150 N 380 AF SSII 
EN 6 HHD R 150 L R 150 L 460 AF Ш 
S 7 CAD L 140 N L 140 N 400 AVNR Hl 
20 8 CAD E 130 L 130 [г 400 АЕ Hl 
B 9 CAD R 150 L R 150 L 400 AF Hil 
E Ventricular Tachycardia 
7 CAD L 140 N L 180 L 320 IVR DDDD 
8 CAD L 130 L. L 220 L 250 IVR DDDD 
9 CAD R 150 L L 180 R 360 IVR DDDD 
10 DC R 150 R Ind 240 R 310 IVR DDDD 
11 CAD R 160 ls R 240 L 370 IVR SDDD 
12 CAD L 160 N R 210 L 310 IVR DDDD 
13 CAD R 170 L R 220 N 400 IVR DDDD 
14 CAD L 160 L R 220 L 260 IVR DDDD 
15 DC R 140 N R 230 R 270 IVR DDDD 
16 CAD R 140 R R 180 R 220 IVR DDDD 
17 CAD R 140 N R 160 L 350 IVR DDDD 
18 CAD R 180 R R 210 L 330 IVR DDDD 





* See text for definition of right and left bundle branch block patterns during tachycardia. 
AF = atrial flutter; AVNR = atrioventricular nodal reentrant tachycardia; BBB = bundle branch block; CAD = atherosclerotic coronary heart 





й disease; СВТ = concealed bypass tract reentrant tachycardia; D = different; DC = dilated cardiomyopathy (idiopathic); HHD = hypertensive heart 
Ё > disease; | = identical; Ind = indeterminate; IVR = intraventricular reentrant tachycardia; L = left; N = normal; R = right; S = similar (i.e., 
= equivocal). 
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= (ke., conducting) bundle, thereby giving rise to com- during tachycardia when the patient's hemodynamic status 
-~ plexes identical in morphologic appearance to those permitted it. 

= observed during sinus rhythm. On the other hand, Comparison of QRS complexes: A representative QRS 
` complexes of ventricular origin would reflect a different complex (shown in the surface ECG leads mentioned) was 


isolated from the record of each patient during sinus rhythm 
and during tachycardias. The 2 complexes from each patient 
were then juxtaposed for comparison. (Intracardiac electro- 
b rote “gs E di grams were specifically removed from these preparations.) 
a Previously a vanced, ? the present investigation, Four observers were asked to judge independently the 
б, to our knowledge, is the first to evaluate this concept juxtaposed QRS complexes as being identical, clearly differ- 
— systematically using intracardiac electrophysiologic ent, or similar if the decision was equivocal. The observers 


. ventricular activation sequence and thus would be un- 
_ likely to have a morphologic appearance identical to 


E. that of sinus beats. Although a similar hypothesis has 
E^ 


= techniques. were unaware of the actual origin of the tachycardia but knew 
p. which of the 2 complexes was obtained during sinus rhythm 
=e and which represented tachycardia. In each case the supra- 
E Methods EE 
BN. ventricular or ventricular origins of all tachycardias were 
— . Patient selection: Patients who underwent electrophysi- documented using intracardiac electrograms.? Specific mech- 
— Ologic studies at Mount Sinai Medical Center were included anisms of SVT were determined using previously published 
ej 8 in the present study if they had (1) preexisting fixed, complete criteria. 
— right or left BBB pattern during sinus rhythm on a 12-lead Definitions of QRS characteristics during tachycardia: 
М electrocardiogram according to accepted definitions; (2) no A QRS complex was considered to have a right BBB pattern 
—— evidence of ventricular preexcitation; (3) sustained SVT or if the complex in lead V; was predominantly upright and a left 
monomorphic sustained VT (or both) induced during elec- BBB pattern if the complex was inverted in lead V, (and in- 
_ trophysiologic studies; and (4) a His bundle electrogram and determinate if biphasic in this lead). Axis was defined as 
| atleast 3 surface ECG leads recorded during sinus rhythm and normal if the QRS complex in both leads I and II was pre- 
p tachycardia. The 18 patients who satisfied all these criteria dominantly upright, leftward if it was upright in I and inverted 
— form the basis of this report. Their underlying cardiac diag- in II, and rightward if the QRS complex in lead I was pre- 
. noses are listed in Table I. dominantly inverted. In the setting of a right BBB pattern, 
— . Electrophysiologic studies: The nature of the procedure the terminal 60 ms of the QRS complex was not considered 
- was explained to each patient and they all gave informed in the axis determination during tachycardia (as well as during 
= consent. All electrophysiologic studies were performed as sinus rhythm). The BBB pattern and axis during tachycardia 
` previously described.!? Surface ECG leads I, П and У, (or I, were considered concordant with those of sinus beats if each 
II, and V;) and the intracardiac electrograms were re- of these 2 QRS characteristics were similar under both cir- 


* corded. Standard 12-lead electrocardiograms were obtained cumstances. QRS duration or width during either tachycardia 


i av^ 


-+ 


+ 5 " " к | 4 àt bo 775 - 
а" 4 fi 5 M s M q Wait od РТ. И, X; e | £ > 
ТАКШЕ M л" Vd. еа PINE A sores oe gears ae vis. ES Ж 
ales as: Аз ИА МӘ. о КӨЛҮМ, DT ANE os АШ 














ы эй Ok 4$ 5 Lam. * 
ЖАЗ i 73] VET. Cui. s г 
nda ATE АЕРО EN NA 

4. ee 2 abit: eet 


у, eh 
“ӨЛҮҮ 
J Ы ч 


H 






bl he Zu 












er UV et Ln d dus 
or sinus rhythm was always taken as the largest value of that 
parameter, measured in any EGG lead at a paper speed of 100 
mm/s. 

Statistical analysis was performed using the chi-square or 
unpaired t test where appropriate. Statistical significance was 


assumed for p values of «0.05. 


Results 


QRS characteristics during sinus rhythm: The 
pertinent characteristics of the patients' 12-lead elec- 
trocardiograms during sinus rhythm are summarized 
in Table I. Thirteen of 18 patients had complete right 
BBB during sinus rhythm. Of these 13, the QRS axis 
was leftward (—30° to —90°) in 5, rightward (>+90° to 
+270°) in З and normal in 5 (>—30° to +90°). Left BBB 
was present during sinus rhythm in the other 5 patients, 
2 of whom had left-axis deviation; the other 3 patients 
had normal axes. 

Types of tachycardia: Nine of the 18 patients had 
SVT induced in the laboratory (Table I). The types of 
SVT included atrial flutter (n = 5), atrioventricular 
nodal reentrant tachycardia (n = 3), and orthodromic 
reciprocating tachycardia using a concealed bypass tract 
(n = 1). VT was induced in 12 patients (Table I). All of 
the cases of VT were presumably of the usual type in 
which the reentrant circuits are localized to the pe- 
ripheral Purkinje system or ventricular myocardium, 
or both.®:!2 Both SVT and VT could be initiated in З 
patients (Nos. 7 to 9). Cycle lengths of the tachycardias 
are listed in Table I. 

Morphologic comparison of QRS complexes 
during tachycardia versus during sinus rhythm: In 
all 9 cases of SVT, the QRS complexes had the same 
BBB pattern and axis as those during sinus rhythm 
(Table I). Furthermore, in 8 of 9 patients, the QRS 
complexes during SVT were judged by all 4 observers 
to be morphologically identical to beats of sinus origin 
(Table I, Fig. 1). In the other case (patient 5), 2 of 4 
observers judged the 2 complexes to be of similar rather 
than identical morphologic configuration. 

However, in only З of the 12 cases of VT (25%) were 
both the BBB pattern and QRS axis concordant during 
both tachycardia and sinus beats. Furthermore, the 
exact QRS morphologic patterns during VT were judged 
by all 4 observers to be clearly different from those of 
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sinus beats in 11 of 12 cases. In 1 other patient (по. 11), | 
3 observers judged the complexes to be different, 3 
whereas the fourth observer labeled them as being | 
similar. | rg PU | 
QRS characteristics during tachycardia (Table — | 
D: Bundle branch block pattern: Six of 9 patients (6796) — 
with SVT and 8 of 12 patients (67%) with VT tracings | 
manifested a right BBB pattern during tachycardia — . 
(difference not significant). The frequency of left BBB 
was also similar, occurring in 3 of 9 patients (33%) with — 
SVT and 3 of 12 patients (25%) with VT (difference M j 
not significant). In the other patient with VT, the — | 
QRS morphologic pattern could not be clearly identi- — . 
fied as having a right or left BBB pattern (during 
tachycardia). y 
Axis: The prevalence of left-axis deviation was _ 
somewhat greater during VT than during SVT in 7of — - 
12 patients (58%) vs 4 of 9 patients (44%), respectively — | 
(p <0.03). In the remaining 5 SVT tracings (56%), the — ag 
QRS axis was normal. However, during VT, 1 patient 
(8%) had a normal axis and 4 (33%) had right-axis ` 
deviation. | б, ۴ 
QRS width: The mean QRS width (+ standard dı 
viation) during sinus rhythm (in all patients) and during — — 
SVT (patients 1 to 9) was 150 + 10 ms and 140 + 10ms, — 
respectively, whereas the mean QRS duration during _ 
VT (patients 7 to 18) measured 210 + 30 ms. Although - NC 
the difference in QRS width during sinus rhythm and — 
SVT was not significant, the difference in the value of - 
this variable between sinus rhythm and VT and be- 
tween SVT and VT was highly significant (p «0.001in + 
both instances). Furthermore, in all cases of VT, QRS _ 
duration increased by a mean of 56 + 20 ms (range 20 
to 90) during VT, even in those patients (nos. 8, 11 and 
16) in whom BBB pattern and axis were concordant __ 
during sinus rhythm and tachycardia. However, in no x 
case of SVT did QRS width exceed that of the corre- — 
sponding sinus beats. In those patients with both SVT _ 
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and VT (nos. 7 to 9), the QRS increased in duration — - 
during VT (compared with sinus rhythm) but did not . 
do so during SVT (Table I). 


Discussion З 
The present study documents the validity of the no- 






FIGURE 1. A, B and C, 12-lead electrocardiograms obtained during the electrophysiologic study of patient 9 in sinus rhythm, atrial flutter and ventricular _ 
tachycardia, respectively. Panel A, QRS complexes with right bundle branch block and left-axis deviation. The QRS complexes in panel B are identical — 
with those of the beats of sinus origin in panel A and thus are supraventricular in origin. Panel C, QRS complexes clearly different in morphologic 
pattern from those in panel A, connoting a ventricular origin. In isolated leads (e.g., Il and Vg) the QRS complexes in A and C look very similar, almost — 


rer identical, and might lead to a false diagnosis if only these leads were compared. | 
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|. preexisting BBB, the occurrence of complexes identical 
|. to those of sinus beats virtually always indicates su- 
| praventricular origin of the tachycardia, whereas a 
| different QRS morphologic pattern strongly implies an 
- A intraventricular mechanism. Both of these “rules” have 
-  asensitivity and specificity of approximately 90%, which 
| Compares favorably with the accuracy of the criteria 
| found useful by Wellens et al^9 in patients without 
_ preexisting BBB. Our findings thus complement the 
_ guidelines developed by Wellens and co-workers for 
| electrocardiographically differentiating SVT with ab- 
= errancy from VT. Whereas previously proposed QRS 
` contourographic criteria for differentiating SVT with 
.  aberrancy from VT are based purely on empiric obser- 
. vations,^^ the morphologic relations found in the 
- present study can be explained on an electrophysiologic 
p. _ basis, as discussed later. 

— A Morphologie characteristics of QRS complexes 
... during ventricular and supraventricular tachy- 
E _ cardia: Our results strongly support the concept that 
—— in the presence of fixed (i.e., nonintermittent) complete 
— BBB and in the absence of accessory pathways, all beats 
_ of supraventricular (including sinus) origin preferen- 
~ tially conduct over the contralateral bundle. If all su- 
PE praventricular impulses use the same fixed pathway for 
b. activating the ventricle, the QRS morphologic pattern 
-~ is expected to remain unaltered. This should hold true 
1 . even if, during tachycardia, conduction is slowed in the 
- functioning bundle, since the morphologic pattern of 
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Ко the QRS complex is determined by the degree of syn- 


b. _chrony of conduction along the fascicles and the resul- 
a. ә А А 

Be: tant sequence of activation of the ventricular muscle 
| rather than by the conduction time over a given fascicle. 
_ On the other hand, any impulse arising from a ventric- 
ү . ularsite would be unlikely to depolarize the remaining 
. myocardium in precisely the same fashion (temporally 
. and spatially) as a beat of supraventricular origin, and 
. would thereby generate a morphologically different 
ü QRS complex. 

_ The occurrence, during VT, of QRS complexes 
. identical to those of sinus rhythm in the presence of 
_ preexisting BBB, although rare, has been reported.!? 
- This phenomenon may be seen in 2 unusual circum- 
-— stances: (1) All but 1 of the fascicles of the conduction 
| system are blocked and the endocardial breakthrough 
_ site of the VT is near or within the endocardial region 
_ that is initially activated during sinus rhythm (through 
— the single functioning fascicle). In such a case, the QRS 
* complexes during VT might have the same morphologic 
| pattern as those of supraventricular beats since acti- 
- vation of the ventricles would proceed from the same 
. endocardial region; (2) macroreentrant VT (the circuit 
| of which is comprised of the 2 bundle branches, His 
E bundle and intervening myocardium)®:!4 occurring in 
. a8 patient with preexisting complete anterograde BBB, 
3 such that the anterograde limb of the reentry circuit 


Fi 


. consists of the same bundle which functions during 
- sinus beats (and the other bundle comprises the retro- 
3 grade limb). The QRS morphologic patterns during 
P 













tachycardia and sinus rhythm would then appear sim- 
ilar. These 2 circumstances notwithstanding, before 2 
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complexes аге judged identical, more than 1 ECG lead 
should be compared because during tachycardia it is not 
uncommon for the QRS complexes in an isolated lead 
to look similar to the sinus counterpart while other leads 
reveal marked differences (Fig. 1). 

In 3 particular situations, which were specifically 
excluded from the present analysis, SVT complexes 
could be different from those of sinus rhythm even in 
the presence of preexisting BBB: (1) When BBB is in- 
complete, a greater degree of slowing or occurrence of 
complete block in that bundle during SVT theoretically 
could change the appearance of the QRS complex; al- 
ternatively, because “incompleteness” of BBB implies 
that there still is intact (although slowed) impulse 
propagation through the “blocked” bundle, the super- 
imposition of functional block in the opposite bundle 
might result ina QRS complex during SVT that actually 
displays a contralateral BBB pattern as compared to 
sinus beats.'* (2) An electrocardiographically concealed 
accessory pathway capable of anterograde conduction 
could become manifest and participate in SVT actively 
(in the antidromic type? of circus movement tachycar- 
dia) or passively (during atrial tachyarrhythmias), 
thereby altering the QRS morphologic pattern. In the 
latter case, this could even result, paradoxically, in a 
relative narrowing of the QRS complex if the bypass 
tract inserted into the ventricle ipsilateral to the BBB. 
(3) The administration of type I antiarrhythmic drugs 
might alter the QRS complex of supraventricular beats 
(due to intraventricular conduction delay) compared 
to tracings obtained off of these agents. 

A patient with preexisting complete right BBB could 
also have sustained conduction delay or block in a par- 
ticular fascicle of the left bundle during SVT with a 
resultant change in axis of the QRS. This phenomenon, 
however, was not observed in our study. 

QRS axis during supraventricular versus ven- 
tricular tachycardia: The high prevalence of left-axis 
deviation during VT (58%) seen in our study is in 
agreement with the observations of Wellens et al.4 On 
the other hand, we also found left-axis deviation to be 
a common occurrence during SVT in patients with 
preexisting BBB. This is in marked contrast to the 
aforementioned study,‘ in which left-axis deviation was 
associated with VT but not with aberrantly conducted 
SVT. A subsequent study by Wellens et al? also docu- 
mented the occurrence of left-axis deviation in some 
patients with preexisting BBB and SVT. 

In our group of patients with SVT, we observed that 
the axis in each case of SVT was concordant with the 
axis seen during sinus rhythm. Thus, the prevalence of 
left-axis deviation during SVT merely reflected the 
prevalence of left-axis deviation during sinus rhythm. 
Because this prevalence can vary among different pa- 
tient populations, left-axis deviation cannot be con- 
sidered a reliable criterion for differentiating SVT from 
VT in patients with preexisting BBB. Similarly, al- 
though one-third of our patients with VT (but none with 
SV'T) had right-axis deviation during tachycardia, it 
cannot be concluded that in patients with preexisting 
BBB, right-axis deviation increases the chances that a 
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wide QRS tachycardia is of ventricular origin; this ap- 
parent difference was manifest simply because there 
were no cases of SVT in which right-axis deviation oc- 
curred during sinus rhythm. 

QRS duration during supraventricular vs ven- 
tricular tachycardia: The consistent finding, only in 
VT, of QRS prolongation beyond the values corre- 
sponding to the BBB pattern seen during sinus rhythm 
(even when BBB pattern and axis are concordant with 
those characteristics during tachycardia), implies that 
there are greater conduction delays associated with 
asynchronous ventricular activation when the latter 
occurs during a dysrhythmia that arises peripherally. 
However, in some patients with preexisting BBB, QRS 
width during VT conceivably might not exceed or per- 
haps might be even shorter than the corresponding 
value during sinus rhythm if the УТ arises from a septal 
location, in which case the QRS can be <120 ms in 
duration. 
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- . Immediate Hemodynamic Effects of Urapidil in Patients 
с. with Essential Hypertension 


ISAAC KOBRIN, MD, CELSO AMODEO, MD, HECTOR О. VENTURA, MD, 


fi FRANZ H. MESSERLI, MD, and EDWARD D. FROHLICH, MD 
pi 
i 
.. Systemic, renal and splanchnic hemodynamics and was also associated with blunted Valsalva overshoot 
. certain reflex and endocrine responses were de- and orthostatic hypotension, suggesting peripheral 
_ termined in 10 patients with essential hypertension arteriolar and venular dilation. Renal and splanchnic 4 
_ before and after intravenous administration of ura- blood flows increased (p <0.05), resistances in 
A pidil, a new antihypertensive agent that acts through these vascular beds decreased (p <0.01) and there | 
| both central and peripheral a-adrenergic inhibitory were no changes in creatinine clearance or glo- | 
. mechanisms. The reduction in mean arterial pres- merular filtration fraction. Thus, intravenous urapidil 
` sure by 12% (103 + 3 vs 91 + 6 mm Hg, p « 0.05) reduced arterial pressure by decreasing total pe- 
. was mediated through a decreased total peripheral ripheral, renal and splanchnic resistances associ- 
— resistance index (from 34 + 2 to 25 + 3 U/m?, p ated with maintained organ flows and increased 
. <0.01), which was associated with a significant heart rate and cardiac index. 
_ reflexive increase in cardiac index, heart rate and 
serum norepinephrine level. This hypotensive effect (Am J Cardiol 1985;55:722-725) 
EN ———_————————————— ا ل‎ 
- Urapidil, a phenylpiperazine derivative, belongs to a amination and appropriate evaluation failed to reveal a sec- 
. new class of adrenergic inhibiting antihypertensive ondary cause of the hypertension. Each patient gave informed 
а, agents that have peripheral a-adrenergic blocking consent {о а protocol previously approved by our institution’s 
- properties!” and centrally mediated hypotensive ef- review committee. 


Hemodynamic assessment: Systemic and regional he- 
modynamics were determined after an overnight fast by 
methods previously reported in detail? In brief, using a 
modified Seldinger procedure, the brachial artery and median 
antecubital vein were cannulated with polyethylene tubing; 


 fects.^? Preliminary studies in experimental? and 
— clinical hypertension? have confirmed that its anti- 

hypertensive effect most likely results from reduced 
~ total peripheral resistance. This study was designed to 


determine the immediate intravenous systemic and and intraarterial and venous pressures were monitored con- 
regional hemodynamic, cardiovascular reflexive and tinuously. Supine cardiac output was measured in triplicate 
- biochemical effects of urapidil in patients with essential in the baseline state, once 5 minutes after each dose of the 
— hypertension. intravenously administered urapidil, and then, finally, 2 hours 
» after the last urapidil dose, using indocyanine green contrast 
E Methods material (5 mg). Additional hemodynamic responses were 


measured before and after 45? headup tilt, 30% of maximal 


[uv і : i | ; 8 white, 2 black ên : , A 
___ Patients: Ten patients (7 men, 3 women; 8 white, 2 black) handgrip isometric exercise,’ and during the Valsalva ma- 


with mild but established essential hypertension were studied St the baadt eR. ‘dil stat 

` (Table I). All either never had received antihypertensive en. ul "a pm d bed Apa b ity en: "e 

_ therapy or it was discontinued at least 4 weeks before they Page rns vocis None et cath Eee T ГРАН)? 
е ; 1 ical history, physical ex- ы N 7 : 

i. entered the study. А complete medical history, physical ex Splanchnic blood flow was estimated from the plasma clear- 


р ance of injected indocyanine green dye (50 те). Renal and 
19 splanchnic vascular resistances were calculated by dividin 
_ From the Department of Internal Medicine, Section on Hypertensive p У S 


_ Diseases, Ochsner Clinic, and the Research Division, Alton Ochsner zs pe de. n pet, ы жй le к cone ) 
| Medical Foundation, New Orleans, Louisiana. Manuscript received measurements. viomerusar titration. таге’ Was ۶ 





É October 17, 1984, accepted November 21, 1984. from an endogenous 24-hour creatinine clearance measured 
-.. Address for reprints: Edward D. Frohlich, MD, Vice-President, Edu- during the day before the study and from a 12-hour urine 
` cation and Research, Alton Ochsner Medical Foundation, 1516 Jef- collection that was initiated approximately 1 hour before 


_ ferson Highway, New Orleans, Louisiana 70121. urapidil administration. 
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dose of urapidil were recorded in all patients. In only 4 were 
they regarded as being of high enough technical quality to be 
analyzed. The techniques for visualization of the left ventricle 
and the measurement of velocity of circumferential fiber 
shortening, fractional fiber shortening and ejection fraction 
were also reported previously.? 

Plasma renin activity was measured according to the 
methods of Sealey et al,!° and plasma epinephrine and nor- 
epinephrine were determined by radioenzymatic assay.!! 
Aldosterone!? was measured by radioimmunoassay. 

Drug administration: During the study, 7 patients re- 
ceived 3 intravenous doses of urapidil and 3 patients received 
4 doses. These doses were administered in sequentially in- 
creasing logarithmic increments (i.e., 0.05 mg/kg, 0.05 mg/kg, 
0.1 mg/kg and 0.2 mg/kg), each separated by 10-minute in- 
tervals. Systemic hemodynamic values were measured 5 
minutes after each dose as described above. 

Statistics: Statistical analysis was accomplished using a 
2-way analysis of variance with repeated measurements.!? A 
probability of less than 5% was considered to be statistically 
significant. 


Results 


Intravenous urapidil reduced mean arterial blood 
pressure (BP) in every patient by an average of 12% 
(Table II). This was achieved by a maximal dose of 0.2 
mg/kg in 7 patients and 0.4 mg/kg in 3 patients. This 
reduction in mean BP was associated with a decreased 
total peripheral resistance and increased cardiac index 
and heart rate (Fig. 1); all values returned to control 
levels within 2 hours (Table II). The decrease in pres- 
sure was not associated with changes in cardiac function 
as measured by echocardiography (Table III). 
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FIGURE 1. Cumulative dose-response curves of systemic hemodynamic measurements (mean arterial pressure, heart rate, cardiac index and 
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Index Clinical Sms E А 
No. of pts 10 : Fo. R 
Age (yr) 49 + 2 p. 
Sex (men:women) 7:3 d 
Race (white:black) 8:2 EM. 
Height (cm) 170 € 3 Br 
Weight (kg) 86 + 6 B 
Body surface area (m?) 1.96 + 0.09 7. н 
Supine Standing 
8 
Arterial pressure (mm Hg) E 
Systolic 14643 14743 ШЫ 
Diastolic 97 + 2 99: + 3:0 
Mean 113 + 2 116 £ 3: 29 
Heart rate (beats/min) 70+ 2 80+ 2 = р: 


Although the percent increase in mean ВР du g 
isometric exercise was similar before and after urapi 1 Eu 
response of BP was blunted during the overshoot phase 
of Valsalva maneuver (Table IV). Significant differences _ | 
were observed after urapidil administration in response | 
to upright tilt (Table IV); BP increased slightly before | 
urapidil and decreased significantly after its adminis- "| 
tration. Five patients developed symptomatic ortho- 
static hypotension (palpitation, dizziness, sweating and 
weakness). Dou 

Although renal blood flow increased and renal vas- 3 E 
cular resistance decreased signficantly, the endogeno 9 
creatinine clearance and filtration fraction remained - 
stable (Table V). Similarly, splanchnic blood flow. 4 
increased and splanchnic vascular resistance fell Y 
significantly (Table V). E 
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` total peripheral resistance index) to intravenous urapidil in essential hypertensive patients. Values are mean + standard error of the mean. „ра P. 4 
<0.05; *** p <0.01. The significance of the measurements produced by 0.4 mg/kg of urapidil is not given because this dose was given to br i 
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TABLE Il Systemic Hemodynamic Effects of Intravenous Urapidil Administration (0.2 to 
0.4 mg/kg) in 10 Patients with Essential Hypertension 


After Maximal Dose of Urapidil 









Baseline 10 Minutes 2 Hours 

r Mean arterial pressure (mm Hg) 103 + 3 91+ 6* 101+ 3 
VE Central venous pressure (mm Hg) 5 + 0.6 3 + 0.5! 6 + 0.4 
чё Heart rate (beats/min) 69 + 2 85 + 4! 74+ 2 
Sad Cardiac index (liters/min/m?) 3.13 + 0.18 3.95 + 0.30! 3.26 + 0.12 
E Total peripheral resistance index (U/m?) 34 + 2 25 + 3t 31+ 2 
E Stroke index (ml/beat/m?) 45 + З 47 + 3 46 + 3 
T LV stroke work index (U/m?) 87 +7 80+ 7 84 +7 
Er LV ejection rate index (ml/s/m?) 146 8 168 + 10 152+9 

Y а e E o) MM ESSE ا‎ 
rs * p <0.05; ! p <0.01. 
E Values are mean + standard error of the mean. 


LV = left ventricular. 
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2 TABLE Ill Echocardiographic Measurements of Functional TABLE IV Cardiovascular Reflexive Responses to Urapidil 


Cardiac Responses to Uradipil (n — 4) in Patients with Essential Hypertension 
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fs; Baseline After Urapidil Baseline After Urapidil 

Vet (circ/s) 116 £0.17 — 1.133 0.16 45? upright tilt (96 A) 

-.. Fractional fiber shortening (96) 36+ 6 324-5 Mean arterial pressure 42 —16 + 6! 

` Ejection fraction (96) 60+ 7 60 +7 Heart rate 10+ 3 25 + 22 A 

= —————————————————————————_ Сагаіас іпдех —28 2 9 —91 2-4 

b. Values are mean + standard error of the mean. Isometric exercise (% A) 

. Vof = velocity of circumferential fiber shortening. Mean arterial pressure 2144 27 + 4 

V Heart rate 15 +4 ei 
p. Cardiac index 14 + 5 10+ 5 

С TABLE У Effects of Intravenous Urapidil Administration on Yeap cenit omens: 

^E Renal Hemodynamics and Function and during overshoot phase 45 + 5 37 + 6* 

3 Splanchnic Hemodynamics Heart rate during dip phase 7X3 16 ±6 

PEE А : 

5 nesting Aftor Drap Ve ps VOR. etait error of the mean 

Шол _ —:— ————————— Е 

-.. Renal plasma flow (ml/min) 538 + 34 594 + 30* % A = percent change. 

. Renal blood flow (ml/min) 873 + 58 952 + 51° 

. . Renal vascular resistance (U) 124 + 10 106 + 8! ; : ) f 

_ Creatinine “nod ای‎ Ris : : He + ( s istration (0.2 to 0.4 mg/kg) in patients with systemic 

— Filtration fraction (96 К : | e : : 

-.. Splanchnic plasma flow (ml/min) 473+ 55 692 + 931 hypertension. The decrease in BP was mediated by a 

— Ѕріапсһпіс blood flow (ml/min) 773 + 85 1058 + 1421 reduction of total peripheral resistance that was 
| Splanchnic vascular resistance (U) 148 + 16 106 + 9! associated with reflexive increase in heart rate, cardiac 
= * p <0.05; ! p «0.02; 1 p «0.01. index and plasma norepinephrine level despite its re- 


Values are mean + standard error of the mean. ported adrenolytic action.? This hypotensive effect was 


also associated with increased renal and splanchnic 
blood flows, indicating arteriolar dilation and possibly 
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There were no significant changes in plasma renin peripheral venodilation and postural hypotension. 

activity and aldosterone levels after urapidil adminis- Previous studies have shown that urapidil reduces 

tration; however, plasma norepinephrine increased pressure through peripheral a; adrenoreceptor block- 
- significantly and plasma epinephrine increased in 8 of ade!” and centrally mediated adrenergic inhibition,?? 
. the 10 patients, but this change did not reach significant which results in a generalized reduction of organ vas- 
| levels (Fig. 2). cular resistances,*^ indicating systemic arteriolar di- 
og , Ў lation. The effects observed in the present study were 
e Discussion associated with a reflexive increase in heart rate, cardiac 
— — The results of this study demonstrate that urapidil index and increased circulating norepinephrine levels 
| rapidly reduces arterial BP after intravenous admin- that resemble those seen with smooth-muscle vasodi- 
M = 
ey E FIGURE 2. Humoral res to in- 
Wen = = ne a ponses to in 
£2 E Е gp travenous urapidil administration in 
кх. E È D а ae ean ot AS anii 
{ = Е 2 en 18 id 60 5 400 T mean. * p <0.01. Plasma renin ac- | 
0 o £16 c 50 = 350 tivity and aldosterone were measured 
fe 2 c Ф in 10 patients and plasma catechol- 
E. 1 Ф 14 < 40 £ 300 amine values in 8 patients. Open bars 
E Е o 12 2 30 > 250 represent the baseline values and 
0 o a 6 shaded bars the values after urapidil 
p « 10 ш 20 z 200 administration. 
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A Jators!4-16 but not with adrenolytic авепіѕ.17-18 These 
responses are more similar to a postsynaptic peripheral 


ау adrenergic receptor antagonist (e.g., prazosin), 19:0 
and suggest that this is the dominant immediate effect 
of urapidil. This observation is supported by previous 
studies with urapidil in experimental animals that 
demonstrated that the immediate fall in BP induced by 
urapidil was mediated by its peripheral effect,* and that 
its more prolonged effect on arterial pressure was most 
likely mediated by the central as well as peripheral 
mechanisms.” 

Urapidil given intravenously produced a significant 
degree of orthostatic hypotension, which resembles the 
first dose response to prazosin.!® The decreased supine 
central venous pressure and reduced venous return and 
cardiac output during upright tilt strongly suggest that 
peripheral venodilation and blood pooling in the upright 
position account for this observation. Clearly, the re- 
sponse pattern seen with acute intravenous application 
may be considerably different from hemodynamic 
changes observed with long-term oral application. 
However, should venodilation be demonstrable in more 
prolonged studies, exploration of the possible гс!е of 
urapidil in patients with cardiac failure would be of 
interest. 
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. To determine the magnitude and time course of the 
_ optimal acute hemodynamic response to oral mil- 
| rinone, an ascending dose range study was per- 
| formed in 34 patients with severe chronic congestive 
| heart failure (2.5 to 10 mg, n = 21; 7.5 to 15 mg, n 
` = 13). With the 7.5- and 10-mg doses in both 
-~ groups, cardiac index increased 26%, pulmonary 
— capillary wedge pressure decreased 25% and 
| Systemic vascular resistance decreased 20 %, with 
| peak effect at 90 minutes. The hemodynamic im- 
_ provement with 10 mg was sufficient to normalize 
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- Milrinone is a bipyridine inotropic agent with a chem- 
` ical structure similar to that of amrinone. Studies with 
| the intravenous administration of milrinone in patients 
^ with severe congestive heart failure (CHF) have dem- 
` onstrated that its hemodynamic benefit may be dose- 
related." Whereas preliminary studies of oral milrinone 
М C iave shown sustained benefit,?? the optimal oral dose 
_ has not been established. We therefore administered 
- oral milrinone in an ascending dose-range study to de- 
| termine the magnitude and time course of the optimal 
— acute hemodynamic response. 


AME Methods 


- .. The study consisted of 34 patients with severe chronic CHF 
_ (New York Heart Association class III ог IV) refractory to 
_ digitalis and diuretic therapy. There were 26 men and 8 
| women, aged 26 to 77 years (mean 60). Based on chest x-ray, 
_ echocardiogram or radionuclide cineangiogram, 19 patients 
заа an idiopathic dilated cardiomyopathy and 15 patients had 
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P Acute Dose Range Study of Milrinone 
= in Congestive Heart Failure 


SPENCER Н. KUBO, MD, ROBERT J. CODY, MD, KANU CHATTERJEE, MB, FRCP. 
CHARLES SIMONTON, MD, HOWARD RUTMAN, MD, and DANIEL LEONARD, MD 


cardiac index in 29 % of patients. There was a clear 
dose-response relation, with the largest increases 
of cardiac index seen with the 15-mg dose (1.67 + 
0.10 to 2.31 + 0.11; p «0.005 ). This dose-response 
relation was confirmed by the correlation of drug 
levels and change in cardiac index. However, some 
patients had significant hypotension and tachycardia 
with the 15-mg dose. Thus, although 10 mg appears 
to be optimal for most patients, the dose of milrinone 
should be individualized for all patients. 


(Am J Cardiol 1985;55:726-730) 


an ischemic dilated cardiomyopathy. Patients with valvular 
heart disease, hypertension, angina or recent myocardial in- 
farction were excluded. The doses of digoxin and diuretic 
drugs were stabilized for all patients and were administered 
late in the evening to avoid interference with the response to 
milrinone testing. Vasodilator therapy was discontinued at 
least 48 hours before the hemodynamic study. 

After an overnight fast, a triple-lumen thermodilution 
catheter was placed under fluoroscopic guidance. Arterial 
blood pressure was continuously recorded after placement of 
a cannula in a radial artery. Heart rate was monitored from 
a precordial electrocardiographic lead. Right atrial, mean 
pulmonary artery and pulmonary capillary wedge pressures 
were recorded directly. Thermodilution cardiac output was 
determined in triplicate and expressed as cardiac index, cor- 
recting for body surface area. Systemic vascular resistance 
and stroke volume index were calculated from standard 
formulas. 

Baseline hemodynamic measurements were obtained after 
a 1-hour equilibration period after catheter placement, and 
repeated after 20 to 30 minutes to ensure a stable baseline. A 
2.5-mg dose of milrinone was then administered orally. 
Complete hemodynamic data was obtained at 15, 30, 45, 60 
and 90 minutes, and 2, 4, and 6 hours after this dose. A 5-mg 
dose was then administered and recordings were obtained at 
the same intervals. Patients were allowed to eat lunch between 
hours 4 and 6 after the first dose and dinner between hours 








ad 





«t 00, 


a followed o 0v 






x i dore before administering the next dose. This was not nec- 
Hi essary after the 2.5- or 5-mg doses, and only occasionally 
.. needed with the 7.5- ог 10-mg doses. 

E _ At each hemodynamic recording, а 5-ml aliquot of blood was 
_ obtained for plasma milrinone levels. After spinning at room 
. temperature, the plasma was Parte and analyzed by the 
` previously reported technique.“ - 

. Based on the results of the first 21 patients who received 
the 2.5-, 5-, 7.5- and 10-mg doses, it appeared that each suc- 
=- cessive dose resulted in an incremental hemodynamic re- 
jc a sponse, so that a maximal response had not been identified. 


` FIGURE 1. A to C, acute hemodynamic responses over 
6 hours for the 21 patients who received milrinone in the 
` lower dose range. There were no significant changes 







|. pressure (PWP), right atrial pressure (RAP) and systemic 

^ | vascular resistance (SVR). HR = heart rate; MAP = mean Э 
arterial pressure; NS = not significant; PVR = pulmonary 
` vascular resistance; SVI = stroke volume e 450 
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~ after administration of the 2.5- and 5.0-mg doses. With — 60 Rm s. : К. 
е 7.5- апа 10-mg doses, peak hemodynamic effect 50 Ra т 
|... occurred at 90 minutes and consisted of an increase in PAF 40 | а M 

Ae: ` cardiac index (Cl) and decreases in pulmonary wedge mts 30 | | | Ni gw 
NS NS Bos on 


























Vu of dose E and doeet. of еше 
recordings were the same as for the lower dose range. | 
Statistical analysis was done by analysis of variance, ` 
peak response compared with the baseline hemodyn 
ahud obtained just before each dose. Changes were cons 
ered significant if p «0.05. Values are expressed as r mean : 
standard error of the mean. | 


Results 


Figure 1 contains the acute hemodynamic resp 0 
for the 21 patients who received milrinone in the lo 0 
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changes after administration of the 2.5- and 5-mg doses. 
. . However, significant changes occurred with the 7.5- and 
- . 10-mg doses, with peak hemodynamic effect at 90 
_ minutes. After 7.5 mg, there was a rapid increase of 
-. cardiac index, increasing from a baseline of 1.87 + 0.07 
P to a peak of 2.38 + 0.14 liters/m/m? (p «0.001). After 
à 2s this peak, there was a progressive decrease of cardiac 
- index so that it was only 2.06 + 0.10 at the end of 6 
hours. Right atrial pressure decreased from 11 + 2 to 8 
~ 1mm Hg (р <0.002) and pulmonary wedge pressure 
_ decreased from 28 + 2 to 21 + 2 mm Hg (p «0.05) at 





` FIGURE 2. A to D, dose-response relation of oral milrinone showing the peak changes 
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‘TABLE! Peak Hemodynamic Responses in Patients in the Higher Dose Range (п = 10)* ees | 
| Dose HR MAP PWP Ci SVR 

Ете А! (mg) (beats/min) (mm Hg) (mm Hg) (1/т/т2) (dynes s стт 5) 
7.5 Ваѕе 8945 80+ 3 28 + 2 1.71 + 0.13 1,799 + 151 
E Peak +2% —5% —21%1 +23%1 —20%1 
E 10 Вазе 9344 80 + 2 29 + 3 1.67 + 0.16 1,887 + 156 
Б. Реак +2% —5% —17%1 +28%1 —21%1 
КЕЛ; 12.5 Вазе 93 + 6 80 +2 28 +2 1.69 + 0.16 1,779 + 178 
ES. Peak +2% —8% —32%1 +32%1 —22%1 
{ 15 Вазе 96 + 5 80 + 2 28 + 2 1.67 ± 0.10 1,789 + 147 

ES Peak +2% —11%t —29% t +38% t —29%1 


` * Excludes 3 patients whose hemodynamics normalized with the 10-mg dose and who did not receive the 12.5- and 15-mg doses. 
` * Atleast p «0.05 compared with respective baseline values. 


"c . HR = heart rate; MAP = mean arterial pressure; PWP = pulmonary wedge pressure; С! = cardiac index; SVR = 


systemic vascular 


peak effect. Both pressures returned to baseline after 
6 hours. There was an insignificant reduction of mean 
arterial pressure and no change in heart rate. Calculated 
systemic vascular resistance decreased from 1,596 + 81 
to 1,263 + 73 dynes s стт (p «0.001) at peak effect; this 
also returned to baseline after the 6-hour observation 
period. 

The hemodynamic changes seen with the 10-mg dose 
were similar to the 7.5-mg dose. Cardiac index increased 
from 1.95 + 0.12 to 2.45 + 15 liters/m/m? (p <0.001) at 
peak effect. Similarly, the decrease of right atrial pres- 
sure (from 10 + 2 to 7 + 1 mm Hg), pulmonary wedge 
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in cardiac index (% ACI), pulmonary wedge pressure (% 


... APWP), mean arterial pressure (% AMAP) and systemic vascular resistance (% ASVR) for the 6 doses of milrinone. The responses to the 7.5- 
. апа 10-mg doses in the 2-dose ranges have been combined. With increasing doses of milrinone, the ?6 ACI also increases, with the largest increases 


nse are not as clearly dose-related. 
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pressure (from 24 + 2 to 18 + 2 mm Hg) and systemic 
vascular resistance (from 1,502 + 65 to 1,235 + 80 dynes 
s cm^?) were all significant at peak effect (p <0.001). All 
hemodynamic changes returned to baseline at 6 hours. 
The magnitude of improvement after 10 mg was suffi- 
cient to normalize cardiac index at peak response in 7 
of 21 patients. Specifically, cardiac index of these 7 
patients increased from 2.09 + 0.14 to 3.24 + 0.11 li- 
ters/m/m? and was associated with a decrease of pul- 
monary wedge pressure from 25 + З to 15 + 3mm Hg 
(both p «0.001). 

The next 13 patients enrolled in this study received 
the higher dose range of milrinone. However, 3 of these 
13 patients did not receive the 12.5- and 15-mg doses 
because the magnitude of improvement at peak re- 
sponse with the 10-mg dose was again sufficient to 
normalize hemodynamics. Specifically, at peak re- 
sponse, the mean cardiac index increased from 2.71 to 
4.92 liters/m/m? and pulmonary wedge pressure de- 
creased from 28 to 14 mm Hg. 

'The hemodynamic responses of the 10 patients re- 
ceiving all 4 doses in the higher dose range are summa- 
rized in Table I. The magnitude of the hemodynamic 
responses to the 7.5- and 10-mg doses was comparable 
with the responses to these doses seen in the 21 patients 
who received the drug in the lower dose range. The he- 
modynamic responses to the 12.5- and 15-mg doses at 
peak effect at 90 minutes continued to show incremental 
benefit. With the 12.5-mg dose, cardiac index increased 
from 1.69 + 0.16 to 2.23 + 0.22 liters/m/m?, pulmonary 
wedge pressure decreased from 28 + 2 to 19 + 2 mm Hg 
and systemic vascular resistance decreased from 1,779 
+ 178 to 1,398 + 159 dynes s cm"? (all p <0.05). With 
the 15-mg dose, cardiac index increased from 1.67 + 0.10 
to 2.31 + 0.18 liters/m/m?, pulmonary wedge pressure 
decreased from 28 + 2 to 20 + 2 mm Hg and systemic 
vascular resistance decreased from 1,789 + 147 to 1,263 
+ 111 dynes s cm ^? (all p <0.05). The reduction in mean 
arterial pressure was significant with only the 15-mg 
dose (80 + 2 to 71 + 3; p <0.05), because 4 patients had 
large reductions, ranging from 18 to 36%. Mean heart 
rate did not change significantly with any dose, despite 
the fact that 3 patients who received 15 mg had large 
increases in heart rate, ranging from 12 to 25%. There 
were no symptoms relating to this hypotension and 
tachycardia. 

The dose-response relation of the 6 doses of milrinone 
and the changes in cardiac index, pulmonary wedge 
pressure, mean arterial pressure and systemic vascular 
resistance are seen in Figure 2. With increasing doses 
of milrinone, the percent change of cardiac index also 
increased, with the greatest increment by the 15-mg 
dose. 'The decreases in pulmonary wedge pressure at 
peak response were not as clearly dose-related. Re- 
duction of mean arterial pressure was significant only 
with the largest dose of 15 mg. Finally, there were 20% 
reductions of systemic vascular resistance for the 7.5-, 
10- and 12.5-mg doses; there was a larger 29% reduction 
of resistance following the 15-mg dose. 

Figure 3 relates the peak concentration of milrinone 
after each dose and the percent change of cardiac index 
to further substantiate the dose-response relation. The 
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peak concentration of milrinone at 90 minutes increased —— | 


as the dose administered increased. In addition, the P. 


relation of drug level and cardiac index was virtually E 
identical for both groups of patients receiving 7.5 and — 


10 mg. Finally, the relation between the peak concen- 


tration of milrinone and the percent change of cardiac — 


index at peak effect was almost linear. 


Discussion 


Our data have characterized the magnitude and time — . 
course of the optimal first dose response to oral milri- — 
none in patients with severe chronic CHF. There was — - 
a clear dose-response relation, with each successive dose — - 
producing an incremental plasma milrinone concen- — 


tration and hemodynamic effect. This relation was most 


evident for the changes in cardiac index. 

However, doses of oral milrinone clearly should be 
individualized. For example, 29% of patients (7 of 21 in 
the lower dose range and 3 of 13 in the higher dose 
range) had a normalized cardiac index with 10 mg. In 


these patients doses larger than 10 mg would not be — - 
expected to produce incremental responses. The only . 
difference between these 10 patients and the remaining _ 
24 patients was baseline hemodynamics, as this group | 
of 10 patients started with a higher cardiacindex(2.28 — . 


+ 0.14 vs 1.75 + 0.15 liters/m/m?). Thus, one can nor- 
malize cardiac index in patients with mild CHF and 
proportionally improve cardiac index in those patients 
with more severe CHF. 

In contrast, patients with more severe CHF did show 
greater incremental changes in cardiac index with the 
15-mg dose. However, in some patients this change was 


associated with marked reductions in mean arterial  . 


pressure and increases in heart rate. Although these 
changes did not produce symptoms in the supine posi- 
tion, it is possible that patients might have problems in 
the upright posture because of abnormalities in circu- 
latory autoregulation.? In addition, this tachycardia may 
increase myocardial oxygen demand and may have 
deleterious long-term effects. 


Despite these caveats, some generalizations can be _ 


made about the optimal dose of oral milrinone in CHF. 
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FIGURE 3. Dose-response relation of oral milrinone relating the peak 
concentration of milrinone at 90 minutes after each dose in the lower 
range (closed symbols) and the higher range (open symbols) and the 
percent change of cardiac index (96 ACI). With each successive dose, 
there was a higher peak concentration of milrinone and a larger increase 
of cardiac index. 
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4 г Е ubt доден Ма patients showed гуй нр hemo- 
_ dynamic improvement with the 7.5- and 10-mg doses, 
Be rout major adverse hemodynamic effects, so that it 
ow 1 probably be safe to initiate milrinone therapy at 
E t these doses. Because of the dose-response relation, pa- 
^ T di ents with more severe CHF may derive more benefit. 
6 om higher doses; these doses, however, may be аѕѕо- 
(€ ciated with hypotension and tachycardia that could 
E. compromise the overall clinical response. 
E n ` In this study, hemodynamic changes had generally 
. returned to baseline by the end of 6 hours. This is con- 
- si istent with initial pharmacokinetic data that have 
emonstrated an elimination half-life of 2.06 hours for 
4 Fal milrinone.® Although milrinone is usually given on 
ie a: Schedule of every 6 hours, some patients may benefit 
` from more frequent dosing to minimize the trough after 
"s peak response. 
.... The long-term clinical and hemodynamic effects of 
1 © oral milrinone have not been fully defined. Our pre- 
E —di minary experience has shown that the hemodynamic 
m 1 response to oral milrinone was maintained after 1 
.. month of therapy, suggesting that tachyphylaxis was 
r . not a major problem. However, further studies con- 
d . cerning the long-term hemodynamic response are nec- 
3 - essary to determine the relation between the acute he- 
EH nodynamic response and long-term clinical benefits. 
5 — These data do not clarify the mechanisms of action 
b ` of oral milrinone. With the increase of cardiac output, 
i reduction in calculated systemic vascular resistance 
_ can represent either direct or baroreceptor-mediated 
` reflex vasodilatation. This reflex change cannot be 
` presumed to be operative, as blunted baroreceptor re- 
F _ sponses are well documented in patients with severe 
_ CHF.” Preliminary work with the intraarterial ad- 


E ministration of subsystemic doses of milrinone suggests 


of a direct vasodilating effect.8 However, we have also - 
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observed improved vascular responsiveness to cold 
pressor and phenylephrine baroreceptor testing with 
milrinone therapy.’ These data suggest that both direct 
and indirect mechanisms of vasodilatation may be im- 
portant in the response to milrinone and may partially 
explain the observation that the largest decreases in 
mean arterial pressure were seen in the patients given 
15 mg. Thus, although this inotropic agent increases 
cardiac index at all doses, the contribution of direct 
vasodilatation may be increasingly important with 
higher doses. 


Acknowledgment: We thank Beverly Atherton, Mary 
Clark, Deirdre Curran and Kathleen Pondolfino for their 
technical and clinical expertise in performing this study. 
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Rheumatology 
A Primary Care Approach 


Written by: Bruce M. Rothschild, MD 

ISBN 0-914316-33-8, $42.50, 1982 

What is Rheumatology: A Primary Care Approach? 

* the primary care physicians’ answer to the huge, 
weighty tomes on Rheumatology which offer too little 
on diagnosis and treatment and too much on etiology 
and mechanisms of disease 

e a practical “how-to” desk reference to a difficult but 
common disease affecting over 35 million patients in 
the U.S. alone 

* a book meant to be used regularly, not read once and 
stored away on a library shelf 


The Acquired Immune Deficiency 


Svndrome (AIDS) and Infections of 
Homosexual Men 


Edited һу Pearl Ma, PhD, and Donald Armstrong, MD 
0-914316-38-9, 460 pp., illus., Jan. 1984, $39.50 

This book cuts through the sensationalism, innuendo, and 
half-truths and provides clearly and succinctly all the 

most important current scientific thinking from many of 
the most pre-eminent clinical researchers working in the 
field. Additional comprehensive coverage is given to a 
wide range of other sexually transmitted diseases of 
homosexual men. 


Infectious Complications of 


Neoplastic Disease 
Controversies in Management 


Edited by Arthur E. Brown, MD, and 

Donald Armstrong, MD 0-914316-43-5, 1984, $40.00 
Derived from a symposium sponsored by the Infectious 
Disease Service, Department of Medicine and the Depart- 
ment of Pediatrics, Memorial Sloan-Kettering Cancer 
Center, New York City, and Cornell University Medical 
College, New York City, this book presents the latest 
thinking by international authorities, all of whom were 
invited to present findings in their area of expertise on 
the diagnosis, treatment, and prevention of various 
bacterial, fungal, viral, and parasitic infections presenting 
in patients with neoplastic disease. 


Infections in the Abnormal Host 


Edited by Michael H. Grieco, M.D. 

Text by 47 Specialists. Illustrated with 147 Drawings 
and Photos, 78 in Full Color 

0-914316-18-4, 1,060 pp., illus., 1980, $85.00 
Infections in the Abnormal Host discusses in 36 revealing 
chapters the mechanics of host defenses. . .the various 
underlying disorders and the latest treatments by chemo- 
therapy, management of agranulocytosis, immunological 
reconstitution, passive and active immunotherapy, and 
immunostimulation. 


Nosocomial Infections 


Edited bv Richard E. Dixon, M.D. 

0-914316-24-9, 340 pp., 1981, $35.00 

Based on the proceedings of the 2nd International Confer- 
ence on Nosocomial Infections held August 5 - 8, 1980 in 
Atlanta, Georgia and sponsored by the Centers for 
Disease Control, this book provides between two covers 

| the most comprehensive, in-depth study of this interna- 


| tional problem published in 10 years. 
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Diabetes Mellitus Е. 


Jay S. Skyler, M.D., George Е. Cahill, Jr., M.D. Y 

ISBN 0-914316-23-0, 1980, $35.00 TR 

60 internationally prominent contributors provide in 26 

papers a comprehensive overview of the current think- 

ing on the causes, mechanisms, treatment and complica- 

tions. of diabetes. Featured topics include: j 

* The causes of diabetic inheritance 

* Mechanisms of diabetes 

* New developments in the treatment of diabetes 

e Human insulin produced by recombinant DNA PU 
technology e т. 


Modern Drug Encyclopedia ' "я b 
and Therapeutic Index 16th Edition 1 


Arthur J. Lewis, MD, Gertrude Dittus Gonzales, E 
R.Ph., Charles L. Winek, Ph.D. — M 
$59.00, 0-914316-21-4, 1,096 pp., 1981 T 
The all new 16th Edition of MODERN DRUG ENCYCLO- A 
PEDIA is written especially for the practitioner who 

needs complete, objective information on prescription 
drugs. | 
An independent team of pharmacists and physicians has — ye 
researched and edited all the facts on 3,000 prescription й Тез 
drugs. It passes this research on to you іп an easy to ab- | 
sorb style that’s perfectly suited to the tight schedule PEA a 2d 
time pressed practitioner. М 


Topics in Hypertension E 


edited by John H. Laragh, M.D. 

ISBN 0-914316-20-6, 1980, $59.00 j 
Places vital knowledge on the management of the hyper- | ~ 
tensive patient in the hands of the practicing physician. | - 
85 internationally known specialists cover in-depth recent | - 
breakthroughs in understanding, diagnosing and treating | —.— 
this pervasive disease. | E 
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Ке Before prescribing or administering, see package circular for full 
-.. product information. The following is a brief summary. 


$5 INDICATIONS AND USAGE 

— . Visken® (pindolol) is indicated in the management of h ‘perten- 
—— sion. It may be used alone or concomitantly with othe: anti- 
-hypertensive agents, particularly with a thiazide type diuretic. 
MM. 

i E SONTRAINDICATIONS 

. Visken (pindolol) is contraindicated in: 1) bronchial asthma; 

-. . 2) overt cardiac failure; 3) cardiogenic shock; 4) second and 

— third degree heart block; 5) severe bradycardia; (see Warnings). 


WARNINGS 
< Cardiac Failure: Sympathetic stimulation may be a vital compo- 
< nent supporting circulatory function in patients with congestive 
heart failure, and its inhibition by beta-blockade may precipitate 
| more severe failure. Although beta-blockers should be avoided 
‘in overt congestive heart failure, if necessary, Visken (pindolol) 
- can be used with caution in patients with a history of failure who 
are well-compensated, usually with digitalis and diuretics. Beta- 
adrenergic blocking agents do not abolish the inotropic action of 
di italis on heart muscle. 


in Patients Without A History of Cardiac Failure: In patients 
| with latent cardiac insufficiency, continued depression of the 
- myocardium with beta-blocking agents over a period of time 














. . Exacerbation of Ischemic Heart Disease Following Abrupt 
_. Withdrawal: Hypersensitivity to catecholamines has been 
= Observed in patients withdrawn from beta-blocker therapy; 
- exacerbation of angina and, in some cases, myocardial infarc- 
. . tion have occurred after abrupt discontinuation of such therapy. 
_ When discontinuing chronically administered Visken (pindolol), 
particularly in patients with ischemic heart disease, the dosage 
- Should be gradually reduced over a period of one to two weeks 
_ and the patient should be carefully monitored. If angina mark- 
` edly worsens or acute coronary insufficiency develops, Visken 
(pindolol) administration should be reinstituted promptly, at least 
| temporarily, and other measures appropriate for the manage- 
М ment of unstable angina should be taken. Patients should be 
Pr warned against interruption or discontinuation of therapy 
| .— Without the physician's advice. Because coronary artery disease 
| — ds common and may be unrecognized, it may be prudent not to 
£ discontinue Visken (pindolol) therapy abruptly even in patients 
- treated only for hypertension. 


E  Nonallergic Bronchospasm (e.g., chronic bronchitis, emphy- 
. . sema)— Patients with Bronchospastic Diseases Should in 

а General Not Receive Beta-Blockers: Visken (pindolol) should be 
5 .. administered with caution since it may block bronchodilation 
А. produced by endogenous or exogenous catecholamine stimula- 
tion of beta, receptors. 


— Major Surgery: Because beta blockade impairs the ability of the 
_ heart to respond to reflex stimuli and may increase the risks of 
`` general anesthesia and surgical procedures, resulting in 
= Protracted hypotension or low cardiac output, it has generally 
- . been suggested that such therapy should be withdrawn several 
days prior to surgery. Recognition of the increased sensitivity to 
k = catecholamines of patients recently withdrawn from beta-blocker 
. therapy, however, has made this recommendation controversial. 
pM possible, beta-blockers should be withdrawn well before 
— surgery takes place. In the event of emergency surgery, the 
- anesthesiologist should be informed that the patient is on beta- 
| — — blocker therapy. The effects of Visken® (pindolol) can be 


"^, 


P . reversed by administration of beta-receptor agonists such as 
MN 








¥ 







- isoproterenol, dopamine, dobutamine, or levarterenol. Difficulty 
— İn restarting and maintaining the heart beat has also been 
^ ; reported with beta-adrenergic receptor blocking agents. 


Diabetes and Hypoglycemia: Beta-adrenergic blockade may 
- . prevent the appearance of premonitory signs and symptoms 
| (е.0., стат and blood pressure changes) of acute hypo- 
~ glycemia. This is especially important with labile diabetics. Beta- 
= blockade also reduces the release of insulin in response to 
= hyperglycemia; therefore, it may be necessary to adjust the 
: dose of antidiabetic drugs. 


bi. 

... Thyrotoxicosis: Beta-adrenergic blockade may mask certain 

Clinical sin (e.g., tachycardia) of hyperthyroidism. Patients 
_ Suspected of developing thyrotoxicosis should be managed 


«д 


. Carefully to avoid abrupt withdrawal of beta-blockade which 

- might precipitate a thyroid crisis. 

... PRECAUTIONS 

se Impaired Renal or Hepatic Function: Beta-blocking agents 

— . should be used with caution in patients with impaired hepatic or 
= renal function. Poor renal function has only minor effects on 
—. Міѕкеп pron clearance, but poor hepatic function may 

- Cause blood levels of Visken (pindolol) to increase substantially. 


` Information for Patients: Patients, especially those with 

` evidence of coronary artery insufficiency, should be warned 
— . against interruption or discontinuation of Visken (pindolol) 

___ therapy without the physician's advice. Although cardiac failure 
B rarely occurs in properly selected patients, patients being 
— - treated with beta-adrenergic blocking agents should be advised 
— to consult the physician at the first sign or symptom of impend- 
` ing failure. 


— Drug Interactions: Catecholamine-depleting drugs (e.g., 
` reserpine) may have an additive effect when given with beta- 
| . blocking agents. Patients receiving Visken (pindolol) plus a 
catecholamine depleting agent should, therefore, be closely 
Rey observed for evidence of hypotension and/or marked 


1 bradycardia which may produce vertigo, syncope, or postural 













` 5-mg and 10-mg Tablets 
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Visken (pindolol) has been used with a variety*of antihyperten- 
sive agents, including hydrochlorothiazide, hydralazine, and 
guanethidine without unexpected adverse interactions. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: In 
chronic oral toxicologic studies (one to two years) in mice, rats, 
and dogs, Visken (pindolol) did not produce any significant toxic 
effects. In two-year oral carcinogenicity studies in rats and mice 
in doses as high as 59 mg/kg/day and 124 mg/kg/day (50 and 
100 times the maximum recommended human dose), respec- 
tively, Visken (pindolol) did not produce any neoplastic, preneo- 
plastic, or nonneoplastic pathologic lesions. In fertility and 
eneral reproductive performance studies in rats, Visken 

(bindolol) caused no adverse effects at a dose of 10 mg/kg. 


In the male fertility and general reproductive performance test 
in rats, definite toxicity characterized by mortality and decreased 
weight gain was observed in the group given 100 mg/ kg/day. 

At 30 mg/kg/day, decreased mating was associated with 
testicular atrophy and/or decreased spermatogenesis. This 
response is not clearly drug related, however, as there was no 
dose response relationship within this experiment and no similar 
effect on testes of rats administered Visken (pindolol) as a 
dietary admixture for 104 weeks. There appeared to be an 
increase in prenatal mortality in males given 100 mg/kg but 
development of offspring was not impaired. 


In females administered Visken (pindolol) prior to mating 
through day 21 of lactation, mating behavior was decreased at 
100 mg/kg and 30 m At these dosages there also was 
increased mortality of offspring. Prenatal mortality was 
increased at 10 mg/kg but there was not a clear dose response 
relationship in this experiment. There was an increased resorp- 
tion rate at 100 mg/kg observed in females necropsied on the 
15th day of gestation. 


Pregnancy—Category B: Studies in rats and rabbits exceeding 
100 times the maximum recommended human doses, revealed 
no embryotoxicity or teratogenicity. Since there are no adequate 
and well-controlled studies in pregnant women, and since 
animal reproduction studies are not always predictive of human 
response, Visken (pindolol), as with any drug, should be 
employed during pregnancy only if the potential benefit justifies 
the potential risk to the fetus. 


Nursing Mothers: Since Visken (pindolol) is secreted in human 
logy nursing should not be undertaken by mothers receiving 
е drug. 


Pediatric Use: Safety and effectiveness in children have not 
been established. 


CLINICAL LABORATORY 

Minor persistent elevations in serum transaminases (SGOT, 
mp have been noted in 7% of patients during Visken (pindo- 
lol) administration, but progressive elevations were not observed 
and liver injury has not been reported in the medical literature 
over a ten (10) year period of marketing. Alkaline phosphatase, 
lactic acid ше чоро. (LDH) and uric acid are also elevated 
on rare occasions. The significance of these findings is unknown. 


ADVERSE REACTIONS 

Most adverse reactions have been mild. The incidences listed in 
the following table are derived from 12 week comparative 
double-blind, paralle! design trials in hypertensive patients given 
Visken (pindolol) as monotherapy, given various active control 
drugs as monotherapy, or given placebo. Data for Visken 
(pindolol) and the positive controls were pooled from several 
trials because no striking differences were seen in the individual 
studies, with one exception. The frequency of edema was 
noticeably higher in positive control trials (1696 Visken (pindolol) 
vs 996 positive control) than in placebo controlled trials (696 
Visken (pindolol) vs 396 placebo). The table includes adverse 
reactions reported in greater than 296 of Visken (pindolol) 
patients and other selected important reactions. 


Total (Volunteered and Elicited) 
pis) e 
n 
(н = 322) 
% 


Placebo 
(N = 78) 
% 


ve 
controls* 
Body System/ (N m 


Adverse Reaction 


Central Nervous System 
Anxiety 
Bizarre or Many Dreams 
Dizziness 1 
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2 
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4 
8 
7 
Fatigue 15 
Hallucinations 1 
9 
3 
1 
7 


— 


Insomnia 1 
Lethargy 

Nervousness 1 
Weakness 


Autonomic Nervous System 
Paresthesia 5 
Visual Disturbances 4 


Cardiovascular 
Dyspnea 9 
Edema 11 
Heart Failure 2 < 
Palpitations 2 
Weight Gain 3 


Musculo-Skeletal 
Chest Pain 5 
Joint Pain 11 
Muscle Cramps 8 
Muscle Pain 12 1 


Gastrointestinal 
Abdominal Discomfort 7 
Nausea 7 
Skin 
Pruritus 2 <1 0 
Rash 2 3 3 


* Active Controls: Patients received either propranolol, a-methyldopa or a 
diuretic (hydrochlorothiazide or chlorthalidone). 
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More than 7 million patient- 
years of experience 


The following selected (potentially important) adverse reactions 
were seen in 296 or fewer patients and their relationship to 
Visken Verr is uncertain. AUTONOMIC NERVOUS SYSTEM: 
hyperhidrosis; CARDIOVASCULAR: bradycardia, claudication, 
cold extremities, heart block, норе, ѕупсоре, їасһусаг- 
dia; GASTROINTESTINAL: diarrhea, vomiting; RESPIRATORY: 
wheezing; UROGENITAL: impotence, pollakiuria; MISCELLANE- 
OUS: eye discomfort or burning eyes. 


POTENTIAL ADVERSE EFFECTS 

In addition, other adverse effects not listed above have been 
reported with other beta-adrenergic blocking agents and should 
be considered potential adverse effects of Visken (pindolol). 


Central Nervous System: Reversible mental depression 
progressing to catatonia; an acute reversible syndrome charac- 
terized by disorientation for time and place, short-term memory 
loss, emotional lability, slightly clouded sensorium, and 
decreased performance on neuropsychometrics. 


Cardiovascular: Intensification of AV block. See 
CONTRAINDICATIONS. 


Allergic: Erythematous rash; fever combined with aching and 
sore throat; laryngospasm; respiratory distress. 


Hematologic: Agranulocytosis; thrombocytopenic and non- 
thrombocytopenic purpura. 


Decet Mesenteric arterial thrombosis; ischemic 
colitis. 


Miscellaneous: Reversible alopecia; Peyronie's disease. 


The oculomucocutaneous syndrome associated with the beta- 
blocker practolo! has not been reported with Visken (pindolol) 
during investigational use and extensive foreign experience 
amounting to over 4 million patient-years. 


OVERDOSAGE 

No specific information on emergency treatment of overdosage 
is available. Therefore, on the basis of the pharmacologic 
actions of Visken (pindolol), the following general measures 
should be employed as appropriate in addition to gastric lavage: 


Excessive Bradycardia: administer atropine; if there is no 
response to vagal blockade, administer isoproterenol cautiously. 


Cardiac Failure: digitalize the patient and/or administer diuretic. 
It has been reported that glucagon may be useful in this 
situation. 


Hypotension: administer vasopressors, e.g., epinephrine or 
levarterenol, with serial monitoring of blood pressure. (There is 
evidence that epinephrine may be the drug of choice.) 


Bronchospasm: administer a beta, stimulating agent such as 
isoproterenol and/or a theophylline derivative. 


A case of an acute overdosage has been reported with an intake 
of 500 mg of Visken (pindolol) by a hypertensive patient. Blood 
pressure increased and heart rate was > 80 beat/min. Recovery 
was uneventful. In another case 250 mg of Visken (pindolol) was 
taken with 150 mg Lar inde and 50 mg nitrazepam, producing 
coma and hypotension. The patient recovered in 24 hours. 
DOSAGE AND ADMINISTRATION 

The dosage of Visken (pindolol) should be individualized. The 
recommended initial dose of Visken (pindolol) is 5 mg b.i.d. 
alone or in combination with other antihypertensive agents. An 
antihypertensive response usually occurs within the first week of 
treatment. Maximal response, however, may take as long as or 
occasionally longer than two weeks. If a satisfactory reduction 
in blood pressure does not occur within 3-4 weeks, the dose 
may be adjusted in increments of 10 mg per day at these 
intarvals up to a maximum of 60 mg per day. 

HOW SUPPLIED 

White, round, scored tablets: 5 mo 10 mg, packages of 
100. 5 mg tablets embossed "VISKEN 5" on one side, and 
"78-111" and scored on other side (NDC 0078-0111-05). 10 mg 
tablets embossed “VISKEN 10" on one side, and "78-73" and 
scored on other side (NDC 0078-0073-05). 


[VIS-Z3 6/15/83] 
©1984 Sandoz, Inc. 


Visken" 
(pindolol) 


A different kind of 
beta blocker 


Pharmaceutical Division 
SANDOZ, INC. 
East Hanover, NJ 07936 
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“Would you explain 
the I.S.A. concept 
to me?” 
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VISKEN FULFILLMENT 
555 W. JACKSON 
CHICAGO, IL 60606 


Please send me clinical background 
information on Visken (pindolol). I'm 
interested in how it achieves blood 
pressure control through decreases 
in peripheral resistance, while main- 
taining resting heart rate and car- 
diac output. Tell me specifically what 
benefits my young hypertensive 
patients might derive from Visken 
therapy. 

VIS-185-10 


"The intrinsic 
sympathomi- 
of Visken (pindolol) 
relates to tts 
dual action on 
beta receptors, 
resulting in both 


When you're 
asked about 
Visken therapy, 
you'll want 

to have 

the answers. 
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Visken‘ 


(pindolol) 5-mg and 10-mg 


Tablets 
Send me 
the answers. 


Name 
(please print) 


Address 


City State ZIP 
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- ... . Need Information? 
| ATTACH YOUR PRESENT ADDRESS LABEL | 
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| і 
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RATES: | 
. | | AFFIX LABEL | 
$80 per column inch | 
$5 additional for box # 
l | 
3 
[ | 
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Margie Hisen 
YORKE MEDICAL GROUP ! { 
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improved 
adhesive — 
born to stay 
on better 


Transderm-Nitro 


nitroglycerin 


24-hour systems: 2.5 mg, 5 mg, 10 mg. 15 mg 


Stays on better 


Reformulated adhesive 

delivers optimum staying power. 
Covers the entire back of 
system. 


Handles better 


Clear plastic 3M backinc 

practically slides right off. - 

No risk of damaging system. 
`. Easy to handle, even for . 
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First with the future 
in drug delivery systems. 
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RIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION, 
E PACKAGE INSERT) 





due to coronary artery disease. The conditional approval 
. reflects a determination that the drug may be marketed 
while further investigation of its effectiveness is under- 
- | taken. A final evaluation of the effectiveness of the product 
| will be announced by the FDA. 


CONTRAINDICATIONS © "i 
‘Intolerance of organic nitrate drugs, marked anemia, increased 
intraocular pressure or increased intracranial pressure. 
WARNINGS 

u 
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ig with acute myocardial infarction or congestive heart 

failure, Transderm-Nitro system should be used under careful 

| Clinical and/or hemodynamic monitoring. 

- Jn terminating treatment of anginal patients, both the dosage 
frequency of application must be gradually reduced over a 

Period of 4 to 6 weeks to prevent sudden withdrawal reactions, 

k Which are characteristic of all vasodilators in the nitroglycerin 


ro ass. 
s [чеп nitroglycerin systems should be removed 
» before attempting defibrillation or cardioversion because of the 
poena for altered electrical conductivity which may enhance 
- the possibility of arcing, a phenomenon associated with the 
- use of defibrillators. 
PRECAUTIONS 
| E of hypotension, such as faintness, weakness or 
“dizziness, particularly orthostatic hypotension may be due to 
_ overdosage. When these symptoms occur, the dosage should 
- -be reduced or use of the product discontinued. 
< Transderm-Nitro system is not intended for immediate relief 
го anginal attacks. For this purpose occasional use of the 
- sublingual preparations may be necessary. 
_ ADVERSE REACTIONS 
Transient headaches are the most common side effect, espe- 
- cially when higher doses of the drug are used. These head- 
م‎ aches should be treated with mild analgesics while Transderm- 
Nitro therapy is continued. When such headaches are unre- 
Sponsive to treatment, the nitroglycerin dosage should be 
reduced or use of the product discontinued. 
-.. Adverse reactions reported less Arie include hypoten- 
| sion, increased heart rate, faintness, flushing, dizziness, 
nausea, vomiting, and dermatitis. These symptoms are attrib- 
E to the known pharmacologic effects of nitroglycerin, 
eA ut may be symptoms of overdosage. When they persist the 
. dose should be reduced or use of the product discontinued. 
~ DOSAGE AND ADMINISTRATION 
| ale d should be initiated with application of one Transderm- 
| Nitro 5 system to the desired area of skin. Many patients prefer 
| the chest; if hair is likely to interfere with system adhesion or 
~ removal, it can be clipped prior to placement of the system. 
- Each system is designed to remain in place for 24 hours, and 
.. each successive application should be to a different skin area. 
_ Transderm-Nitro system should not be applied to the distal 
parts of the extremities 
- The usual dosage is one Transderm-Nitro 5 system every 24 
- hours. Some patients, however, may require the Transderm- 
- Nitro 10 өт. If a single Transderm-Nitro 5 system fails to 
` provide adequate clinical response, the patient should be in- 
_ Structed to remove it and apply either two Transderm-Nitro 5 
fy systems or one Transderm-Nitro 10 system. More systems may 
_ be added as indicated by continued careful monitoring of clini- 
| Cal response. The Transderm-Nitro 2.5 system is useful princi- 
pally for ые the dosage gradually, though it may 
_ provide adequate therapy for some patients when used alone. 
b ~ The optimal dosage should be selected based upon the clini- 
ва response, side effects, and the effects of therapy upon 
2 lood pressure. The greatest attainable decrease in resting 










mm. 


- blood pressure that is not associated with clinical symptoms of 
. hypotension especially during orthostasis indicates the optimal 
_ dosage. To decrease adverse reactions, the size and/or number 
- ef systems should be tailored to the individual patient's needs. 
' Do not store above 86°F (30°C). 

_ PATIENT INSTRUCTIONS FOR APPLICATIONS 

A patient leaflet is supplied with the systems. 


Transderm- Total 
. Nitro System Nitro- 
. Rated Release en System Carton 
in vivo in System Size Size 
- 2.5mg?4hr 12.5 тд 5cm? 30 Systems 
a (NDC 0083-2025-26) 
. 5mg/24 hr 25 mg 10 cm? 


30 Systems 
(NDC 0083-2105-26) 


-= 5mg/24 hr 25 mg 10 cm? 7 Systema 
. (NDC 0083-2105-07) 


" 10 mg/24 hr 50 mg 20 cm? 30 Systems 
zu (NDC 0083-2110-26) 
.. 15 mg/24 hr 75 mg 30 cm? 30 Systems 
E (NDC 0083-2115-26) 
. Dist. by: 
_ CIBA Pharmaceutical Company 
E: on of CIBA-GEIGY Corporation 
Summit, New Jersey 07901 

C84-7 (Rev. 2/84) 
| 629-2286-A 
СТВ А 
3 
= 
d 





ы - ^d ft | i У p > $ Tub " - а А + M Yt 
$g Ж ДЫР! d. 4 С e ams 4 [ $ 
SE ho тәш Ke PR CIEN de DER D ру Za , 3 м 4 
n; mn 1 s ats S A ЛЖ oa А | у" 3 Ei Ra 
i P" A THE ae , F | 
t 


ОМ 
Ж 












> 












b . y 4 
4 I 


£ ١ 
2I GK 
м“ " 7. ۹ 


p. 


If it's not the new 16th edition of 
MODERN DRUG ENCYCLOPEDIA, 
you can't be sure. 

MODERN DRUG ENCYCLOPEDIA 
and Therapeutic index 16th Edition 


Arthur J. Lewis, MD, Editor 

Gertrude Dittus Gonzales, R.Ph., B.S., Pharm., 
Executive Editor 

Charles L. Winek, Ph.D., Contributing Editor 
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The 16th Edition of MODERN DRUG ENCYCLOPEDIA is written 


especially for the practitioner who needs complete, objective information 


on prescription drugs. 


An independent team of pharmacists and physicians has researched 
and edited all the facts on 3,000 prescription drugs. It passes this 
research on to you in an easy to absorb style that's perfectly suited to 
the tight schedule of a time pressed practitioner. 


Some handbooks just reprint manufacturers’ package inserts. They 
don't edit. Just print material manufacturer pays to have included. 


Here's what careful planning does for MODERN DRUG 

ENCYCLOPEDIA: 

e limits entries to prescription drugs. You don't waste time flipping 
through pages of extraneous drugs. 

e lists over 3,000 pharmaceuticals, biologicals, and allergens in one a-z 
sequence. 

e arranges entries by generic name. All brand names in one place. 

e written in concise language for quick comprehension. 

e designed with a "'strong focus'' layout, easy-to-read type, and bold 
subject headings. 


The 1,000 page main section arranges over 3,000 drugs 
alphabetically by generic name. Each entry covers vital facts about 
brand names and each manufacturer that markets their own brand. 


Three a-z indexes provide instant access to all the material found in 
the main section as follows: 

e GENERAL INDEX of all brand generic names in handy alphabetic 
sequence. 

e THERAPEUTIC INDEX of which drugs are prescribed for which 
purpose. Allows you a wide selection of therapy based on your 
patient's special needs. 

e MANUFACTURERS INDEX of names and addresses and product 
names. Helps you identify the drug when you only know the 
manufacturer's name. 


Yorke Medical Books MOD 
Box C-757 

Brooklyn, NY 11205 

Please send me a copy of the MODERN DRUG ENCYCLOPEDIA, 16th Edition (00021) $59.00. 

ÛJ Enclosed is my check for including $1.50 for handling. Yorke pays postage 


байы ыс: тй 


(same return privilege). 
i О Please bill my Г] Visa О MasterCard Г] AMEX (same return privilege) 
Ew. dat 21765 ERE Но: 


1 LJ] Please bill me plus postage and handling (U.S. and Canadian orders only). 
| Мате 





| Address 
City/State/Zip 


i Customers in the following states please include applicable sales tax: CA, CT, GA, IL, MA, MI, NY, OH, PA, TX. All 
foreign orders must be prepaid in U.S. funds with a check drawn on a U.S. bank or charged to a credit card. Please 
add $5.00 per book for all orders to be shipped outside the U.S. and Canada. 
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THE ULTIMATE PRESSURE MONITORING SYSTEW 
IS AT YOUR FINGERTIPS 


lai ieee 


You're looking at the first transducer small external transducers to buy or 
enough to fit in a catheter, and economical calibrate. The result is unsurpasse 
enough to be disposable. fidelity and convenience. 


The Camino system contains the latest For more information, write Camir 
developments in fiber optics, metallurgy, and Laboratories. 
microprocessors. All in a 5 French catheter. 


Now you can routinely measure 

hemodynamic pressures right at the source. CenWuic 
No more fluid-filled tubes to degrade the 

pressure waves or produce artifacts. No more Laboratories 


VS EAS ee ee See ae ee eee SET аныны ee MBA C 
Camino System 420 includes digital pressure monitor and 7550 TRADE ST., SAN DIEGO, CA 921 
choice of transducer-catheters. TELEPHONE NO.: (619) 566-17€ 





TWO-WAY LIPID REGULATOR 


КОРО) а Balanced Approach 
(gemfibrozil capsules, USP) 300mg 


[Indicated for adult patients with high serum D Lowers elevated serum levels of 
triglycerides (type IV hyperlipidemia) who present | triglyceride-rich very-low-density lipoproteins 
a risk of pancreatitis and who do not respond (VLDL) and, to a lesser extent, cholesterol-rich 
adequately to diet. low-density lipoproteins (LDL) 


Clinical trials show that Lopid „2 Favorably raises serum levels of high-density 


: ` lipoproteins (HDL 
favorably regulates the balance of "РР" (HDL) 
certain lipoproteins responsible D Has a side effects profile similar to 
placebo and no significant abnormalities in 


for transport of Serum lipids. clinical/laboratory evaluations 


D Plus BID convenience 


© 1984 Warner-Lambert Company 
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Artist’s interpretation of balance 
of serum VLDL and HDL. 


to Therapy of Certain Dyslpidemias 


Apid-regulating efficacy: — 
ypen-label phase of US multicenter study 
at end of 12 lunar months" 


Average percent change from baseline at doses ranging from 
800-1,600 mg/day, majority at 1,200 mg/day (119 patients)’ 


lotal ILDL 
Cholesterol |I(LDL * VLDL) m 
Ratio 
HDL-C 
to Total-¢ 


Diet, exercise and weight loss 
are the first choice in therapy of 
lipid disorders. 


*Visit every 4 weeks during long-term use 


of LOPID. 


‘Data cited on this graph reflect clinical 


experience based on the multicenter trial. 
They do not wi an indication for Types 
Ila and IIb dys ipidemias. 


1. Data on file, Medical Affairs Dept, Parke-Davis. 


PARKE-DAVIS 


Please see following page for brief summary 
of prescribing information. 
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` . Before proscribing, please see full prescribing information. 
o 


| 
b _ A Brief Summary follows. 


CLINICAL PHARMACOLOGY. LOPID is a lipid regulating agent which lowers 

-~ . elevated serum lipids primarily by decreasing serum triglyceride with a variable 

-. . reduction in total serum cholesterol. These decreases occur primarily in the very 

- low density lipoprotein (VLDL) fraction and less frequently in the low density lipo- 

» . protein (LDL) fraction. In addition, LOPID may increase the high density lipopro- 

| tein (HDL) cholesterol fraction, an action considered of possible benefit to 

= . inhibition of the atherosclerotic process. 

EC . The mechanism of action has not been definitively established. In man, LOPID 
| has been shown to inhibit peripheral lipolysis and to decrease the hepatic extrac- 























— . tion of free fatty acids, thus reducing hepatic triglyceride production. LOPID also 
— inhibits synthesis of VLDL carrier apoprotein, leading to a decrease in VLDL 

"^... production. 

an Animal studies suggest that LOPID may, in addition to elevating HDL choles- 
terol, reduce incorporation of long-chain fatty acids into newly formed triglycer- 

— Ades, accelerate turnover and removal of cholesterol from the liver, and increase 

_ | excretion of cholesterol in the feces. 

í LOPID is well absorbed from the gastrointestinal tract after oral administration. 
p уай plasma levels occur іп опе to two hours with a plasma half-life of 1.5 hours 
a -fol owing single doses and 1.3 hours following multiple doses. Plasma levels 

i appear proportional to dose and do not demonstrate accumulation across time 

; у following multiple doses. 

-LOPID mainly undergoes oxidation of a ring methyl group to successively form a 
| hydroxymethyl and a carboxyl metabolite. Approximately seventy percent of the 
... administered human dose is excreted in the urine, primarily as unchanged gemfi- 
——  brozil. Six percent of the dose is accounted for in the feces. 

| -Ina large, controlled multicenter trial of 427 patients, lipid and lipoprotein 

- changes from average baseline (95) by hyperlipoproteinemic (HLP) type are sum- 
gi med below for those patients receiving gemfibrozil, 1200 mg/day, at the end of 
.— 12 weeks. 


Ра TRIGLYCERIDE |  — à— à à CHOLESTEROL — | 
E. HLP Total VLDL LDL HDL 


b 







RATIO 
HDL Cholesterol 






Total Cholesterol 





EC и = 4496 —4 296 —44 396 - 5.8% + 24.696 
ИЛ ү ПЫ - 4596 -8.6% — 45.0% - 64% +19.5% 
a — 4096 — 1.896 — 40.8% * 14.696 * 17.496 * 2396 


эж_——Є—Є—-—-—-—Є-—-—-—Є——Є—Є———————ЄЄ“Є 
— . INDICATIONS AND USAGE. Drug therapy should not be used for the routine treat- 
| ment of elevated blood lipids for the prevention of coronary heart disease. Dietary 
_ therapy specific for the type of hyperlipidemia is the initial treatment of choice. Excess 
_ body weight and excess alcoholic intake may be important factors in hypertriglyceri- 
-demia and should be addressed prior to any drug therapy. Physical exercise can be 
- ` an important ancillary measure. Contributory diseases such as hypothyroidism or 
_ diabetes mellitus should be looked for and adequately treated. The use of drugs 
| . should be considered only when reasonable attempts have been made to obtain sat- 
-—  isfactory results with nondrug methods. If the decision is to use drugs, the patient 
| should be instructed that this does not reduce the importance of adhering to diet. 
_ . Because of chemical, pharmacological, and clinical similarities between gemfibro- 
| zil and clofibrate, and the adverse findings with clofibrate in two large clinical studies 
^... (see Warnings), use of gemfibrozil should be restricted to the following indications. 
= LOPID may be considered for the treatment of adult patients with very high serum 
-triglyceride levels (type IV hyperlipidemia) who present a risk of abdominal pain and 
__ pancreatitis and who do not respond adequately to a determined dietary effort to con- 
— — trol them. Patients with triglyceride levels in excess of 750 mg per deciliter are likely to 
^ present such risk. 
| — . LOPID (gemfibrozil capsules, USP) has little effect on elevated cholesterol levels 

`` inmost subjects. A minority of subjects show a more pronounced response. How- 
"ever, it must be understood that there is no evidence that use of any lipid-altering 
- . drug will be beneficial in preventing death from coronary heart disease (see WARN- 
— [NGS). Therefore, the physician should be very selective and confine gemfibrozil 
` treatment to patients with clearly defined risk due to severe hypercholesterolemia 
` (eg, individuals with familial hypercholesterolemia starting in childhood) who inade- 
- quately respond to appropriate diet and more effective cholesterol-lowering drugs. 
——  LOP[D is not useful for the hypertriglyceridemia of Type | hyperlipidemia. 
^^ - The biochemical response to gemfibrozil is variable, and it is not always possible to 
E — predict from the lipoprotein type or other factors which patients will obtain favorable 
- results. It is essential that lipid levels be assessed and that the drug be discontinued 
__ after three months in any patient in whom lipids do not show significant improvement. 
|... The effect of drug-induced reduction of serum cholesterol or triglyceride levels or 
elevation of HDL cholesterol levels on morbidity or mortality due to coronary heart dis- 
_ ease has not been established. Several years may be required before ongoing long- 
. term investigations will resolve this question. 
. .. CONTRAINDICATIONS. 1. Hepatic or severe renal dysfunction, including primary 
, biliary cirrhosis. 

` 2. Preexisting gallbladder disease. (See Warnings.) 

. __ 3. Hypersensitivity to gemfibrozil. 
. WARNINGS. 1. Because of chemical, pharmacological, and clinical similarities 
~ between gemfibrozil and clofibrate, the adverse findings with clofibrate іп two large 
Clinical studies may also apply to gemfibrozil. In the first of those studies, the Coro- 
nary Drug Project, 1000 subjects with previous myocardial infarction were treated for 
` five years with clofibrate. There was no difference in mortality between the clofibrate- 
| treated subjects and 3000 placebo-treated subjects, but twice as many clofibrate- 

- treated subjects developed cholelithiasis and cholecystitis requiring surgery. In the 
—. other study, conducted by the World Health Organization, 5000 subjects without 
-— known coronary heart disease were treated with clofibrate for five years and followed 
_ one year beyond. There was a statistically significant 36% higher total mortality in the 
- elofibrate-treated than in a comparable placebo-treated control group. The excess 
mortality was due to noncardiovascular causes, including malignancy, postcholecys- 
. tectomy complications, and pancreatitis. The higher risk of clofibrate-treated subjects 
. for gallbladder disease was confirmed. 
` 2. Long-Term Toxicity and Animal Tumorigenicity Studies: Long-term studies have 
jt been conducted in rats and mice at one and ten times the human dose. The inci- 
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Electron microscopy studies have demonstrated a florid hepatic peroxisome prolif- 
eration following LOPID administration to the male rat. Similar changes have not been 
found in the human liver. 

Male rats had a dose-related increase of benign Leydig cell tumors. Subcapsular 
bilateral cataracts occurred in 10%, and unilateral in 6.3% of the high dose males. 

3. Since a reduction of mortality from coronary artery disease has not been demon- 
strated and liver and interstitial cell testicular tumors were increased in male rats, 
LOPID should be administered only to those patients described in the Indications and 
Usage Section. If a significant serum lipid response is not obtained, LOPID should be 
discontinued. 

4. Cholelithiasis—LOPID may increase cholesterol excretion into the bile leading to 
cholelithiasis. If cholelithiasis is suspected gallbladder studies are indicated. LOPID 
therapy should be discontinued if gallstones are found. 

5. Concomitant Anticoagulants— Caution should be exercised when anticoagulants 
are given in conjunction with LOPID. The dosage of the anticoagulant should be 
reduced to maintain the prothrombin time at the desired level to prevent bleeding 
complications. Frequent prothrombin determinations are advisable until it has been 
definitely determined that the prothrombin level has stabilized. 

PRECAUTIONS. 1. Initial Therapy— Before instituting LOPID (gemfibrozil cap- 
sules, USP) therapy, every attempt should be made to control serum lipids with 
appropriate diet, exercise, weight loss in obese patients, and other medical prob- 
lems such as diabetes mellitus and hypothyroidism. ` 

2. Continued Therapy—Pretreatment laboratory studies should be performed to 
ensure that patients have abnormal levels of serum lipids. Periodic determinations of 
serum lipids should be obtained during LOPID administration. The drug should be 
withdrawn after three months if the lipid response is inadequate. 

З. Seasonal Variation of Lipid Levels—LOPID is not expected to alter seasonal 
variations of higher serum lipid values in mid-winter and late summer or the lower val- 
ues in fall and spring. 

4. Impairment of Fertility Administration of approximately three and ten times 
the human dose to male rats for 10 weeks resulted in a dose-related decrease of fertil- 
ity. Subsequent studies demonstrated that this effect was reversed after a drug-free 
period of about eight weeks, and it was not transmitted to their offspring. 

5. Pregnancy Category B— Reproduction studies have been performed in the rat 
at doses 3 and 9 times the human dose, and in the rabbit at 2 and 6.7 times the = 
human dose. These studies have revealed no evidence of impaired fertility іп females 
or harm to the fetus due to LOPID. Minor fetotoxicity was manifested by reduced birth 
rates observed at the high dose levels. No significant malformations were found 
abel almost 400 offspring from 36 litters of rats and 100 fetuses from 22 litters of 
rabbits, 

There are no studies in pregnant women. In view of the fact that LOPID is tumori- 
genic in male rats, the use of LOPID in pregnancy should be reserved for those 
patients where the benefit clearly outweighs the possible risk to the patient or fetus. 

6. Nursing Mothers— Because of the potential for tumorigenicity shown for gemfi- 
brozil in male rats, a decision should be made whether to discontinue nursing or dis- 
continue the drug, taking into account the importance of the drug to the mother. 

7 Hematologic Changes—Mild hemoglobin, hematocrit and white blood cell 
decreases have been observed in occasional patients following initiation of LOPID 
therapy. However, these levels stabilize during long-term administration. Therefore, 
periodic blood counts are recommended during the first 12 months of LOPID 
administration. 

8. Liver Function—Abnormal liver function tests have been observed occasionally 
during LOPID administration, including elevations of SGOT, SGPT, LDH, and alkaline 
phosphatase. These are usually reversible when LOPID is discontinued. Therefore 
periodic liver function studies are recommended and LOPID therapy should be termi- 
nated if abnormalities persist. 

9. Cardiac Arrhythmias— Although no clinically significant abnormalities 
occurred that could be attributed to LOPID, the possibility exists that such abnormali- 
ties may occur. 

10. Use in Children— Safety and efficacy in children have not been established. 
ADVERSE REACTIONS. In controlled clinical trials of 805 patients, including 245 
who received LOPID for at least one year, the most frequently reported adverse reac- 
tions associated with'LOPID involved the gastrointestinal system. In decreasing order 
of frequency, these were abdominal pain (6.096), epigastric pain (4.996), diarrhea 
(4.8%), nausea (4.096), vomiting (1.696), and flatulence (1196). Other adverse reac- 
tions where the probability of a causal relationship to LOPID therapy exists are listed 
by system. 

Integumentary: rash, dermatitis, pruritus, urticaria 

Central Nervous System: headache, dizziness, blurred vision 
Musculoskeletal: painfu! extremities 

Hematopoietic: anemia, eosinophilia, leukopenia 

Other reactions have been reported under conditions where a causal relationship is 
difficult to establish, thus the physician should be alert to these occurrences. Reports 

of viral and bacterial infections (common cold, cough, and urinary tract infections) 
were more common in gemfibrozil than in placebo-treated patients. 
Other reactions were: 

Gastrointestinal: dry mcuth, constipation, anorexia, gas pain, dyspepsia 

Musculoskeletal: back pain, arthralgia, muscle cramps, myalgia, swollen joints 

Central Nervous System: vertigo, insomnia, paresthesia, tinnitus 

Clinical Laboratory: hypokalemia, liver function abnormalities (increased SGOT. 
SGPT, LDH, CPK, alkaline phosphatase) 

Miscellaneous: fatigue, malaise, syncope 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mg 
administered in two divided doses 30 minutes before the morning and evening meal. 
Some patients will experience therapeutic effects on 900 mg/day; a few may require 
1500 mg/day for satisfactory results. 

DRUG INTERACTIONS. CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 
LANTS ARE GIVEN IN CONJUNCTION WITH LOPID (GEMFIBROZIL CAPSULES, 
USP). THE DOSAGE OF THE ANTICOAGULANT SHOULD BE REDUCED TO 
MAINTAIN THE PROTHROMBIN TIME AT THE DESIRED LEVEL TO PREVENT 
BLEEDING COMPLICATIONS. FREQUENT PROTHROMBIN DETERMINATIONS 
ARE ADVISABLE UNTIL IT HAS BEEN DEFINITELY DETERMINED THAT THE 
PROTHROMBIN LEVEL HAS STABILIZED. 

MANAGEMENT OF OVERDOSAGE. While there has been no reported case of over- 
dosage, symptomatic supportive measures should be taken should it occur. 


PARKE-DAVIS opao on 


Division of Warner-Lambert Company 


Morris Plains, New Jersey 07950 PD-56-JA-2559-P-1(10-84) 
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Advances їп 
Cardiac Valves 





Clinical Perspectives | 
„ıı, Michael E. DeBakey, MD | 
0-914316-40-0, November 1983, 274pp., $35.00 1 





This valuable new clinical reference provides a detailed update on many aspects of mechanical heart valve 
| prostheses, including hemodynamics, clinical results, results in children, non-invasive assessments, special 
my indications, and implant techniques. Each topic is presented in an easily understood style and format which 

facilitate the comprehension of recent developments in heart valve replacement for the busy clinician. 


Each chapter is written by internationally respected physicians and medical scientists each of whom Is 
pre-eminent in his field. All of this information has been co-ordinated by Dr. DeBakey to produce a very 
readable and informative volume on the state-of-the-art of heart valve replacement with mechanical prostheses. 
No cardiologist, cardiovascular surgeon, internist, or bioengineer can afford not to be knowledgeable about the 


information in this book. 


TABLE OF CONTENTS CONTRIBUTORS INCLUDE 
INTRODUCTION—Michael E. DeBakey, MD Mauro Abbate C. Doutremepuich Reiner Kórfer Georges Primo 
PART I Franz W. Amann Henri Dupon Morris N. Kotler John Ross 
General Overview of Cardiac Valves Manuel J. Antunes D. Duveau Gerald M. Lawrie L. Rozo 
PART II Kit V. Arom Robert Emery Jean-Louis LeClerc Robert M. Sade 
General Overview of the St. Jude Medical P. Barzellotti Manuel R. Estioko William G. Lindsay D. Leonardo Salvatore 
Heart Valve Enrico Baruffi F. Fabbrizzi Robert S. Litwak Stephen Sanders 
Giuseppe Battaglia Rocco Gallo Alberto Lomeo Lester R. Sauvage 
- PART Ill Sy : Eugene M. Baudet Maurizio Gentile J. L. Michaud Ake Senning 
Valve Implantation in Children Marco Benedetti Carl C. Gill Bruce Р. Mindich Yukiyasu Sezai 
PART IV Dieter Burckhardt Filippo Giordano Gary S. Mintz Norman E. Shumway 
Special Indications with Cardiac Valves Jorge L. Camunas Erich Grädel Orazio Monaco Albert Starr 
PART V R. Carlier | Кісһага J. Gray George C. Morris S. Subramanian 
кыы айне Е. Stanley Crawford Joachim Hasse Angelo Moschetto M. Train 
р q Luigi C. D'Alessandro Andreas Hoffmann Demetre M. Nicoloff Francis Wellens 
PART VI Michael E. DeBakey Dieter Horstkotte William F. Northrup, III Frank P. Williams 
Cardiology Doriano DeLuca Jimmy F. Howell F. Ortisi Y-Ren Woo 
Phillipe Despins Roy A. Jurado loannis Panidis Ajit P. Yoganathan 
PART VII i Frank E. Deuvaert Robert B. Karp Giovanni Paolini 
Hemodynamics Maria Diaz Thomas E. Kersten Leonardo Patane 
P. Di Francesco Robin H. Kinsley Phillipe Patra 
+- ORDER FORM vnam nien cibis анин RD PECTORIS Yorke I АГ ИЙ тея E 
SEND ORDERS TO: Yorke Medical Books AJCCS 
ALL BOOKS SENT ON Box C757, Brooklyn, New York 11205 
30 DAY APPROVAL 
Please send me the following book: Мате а... 
O Advances in Cardiac Valves $35.00 (00035) 
Г] Enclosed is my check for ____ which includes $1.50 for 
handling. Yorke pays postage. Same return privilege. New York 
residents add appropriate sales tax. Add $5.00 per book for orders Address 


outside the U.S. and Canada. 
O Please bill my O VISA O MasterCard (same return privilege) 


LL Pala s ا ل .ا ا‎ ES oo 
Card No. Exp. Date 
Interbank No. (M/C only) Signature 


City/State/Zip. С 


Г] Please bill me plus postage and handling. (U.S. and Canadian orders 
only.) All foreign orders must be prepaid in U.S. funds with a check 
drawn on a U.S. bank or charged to a credit card. Please add $5.00 
per book for all orders to be shipped outside the U.S. and Canada. ا ا‎ E ج‎ STEIN D d 
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(bretylium tosylate) 


en you give enough, 
long enou 


Give enough Bretylol is most often successful at higher 
doses. One clinical study found that 300 to 600 mg were 
generally required in VF" In fact, failure can usually be 
related to an inadequate dose." In VF, Bretylol should 

be administered 5 mg/kg by rapid IV bolus, and then 

10 mg/kg repeated as necessary. 


Soon enough Bretylol is most successful when started 
early. Early administration, within 15 minutes or less, has 
been associated with increased survival in countershock- 
resistant VF patients? Unlike lidocaine and procainamide, 
Bretylol significantly increases the VF threshold and 
decreases the defibrillation threshold.“ So it is a logical 
first choice for use after electric countershock, epinephrine, 
and sodium bicarbonate. 


Long enough Bretylol can most successfully prevent VF in 
post-MI patients when treatment is maintained. In two stud- 
ies, VF was prevented in nearly all patients who received 
maintenance doses of Bretylol following MI." In patients at 
risk of ventricular fibrillation, Bretylol should be given by 
continuous IV drip at a dosage of 1-2 mg/min. Some 
degree of hypotension is present in approximately 50% of 
the patients treated and is usually controlled with fluid 
replacement alone. 


For additional information, contact the Medical Services 
Department, American Critical Care, 1600 Waukegan Road, 
McGaw Park, IL 60085. Phone 1-800-323-4980. 





References: 1. Day HW, Bacaner M: Use of bretylium tosylate in the 
management of acute myocardial infarction. Am J Cardiol 27:17 7-189, 
1971. 2. Harrison EE, Amey BD: The use of bretylium in pre-hospital 


Quantitative comparison of bretylium with other antifibrillatory drugs. 
Am J Cardiol 21(4):504-512, 1968. 4. Babbs CF: Evaluation 

of ventricular defibrillation threshold in dogs by antiarrhythmic 
drugs. Am Heart J 98(3):345-350, 1979. 5. Castlé L: Symposium 

on the management of ventricular dysrhythmias. Am J Cardiol 
54(2):26A-33A, 1984. 


Please see brief summary of prescribing information on following page. 


Bretylol ут tosylate) 


Success is a matter of milligrams, 
minutes, and maintenance. 
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ventricular fibrillation. Am J Emergency Med 1 :1-6, 1983. 3. Bacaner MB: 
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Brief summary of prescribing information 
INDICATIONS— BRETYLOL is indicated in the prophylaxis and therapy of 


ventricular fibrillation. 
BRETYLOL is also indicated in the treatment of life-threatening ventricular 


_ arrhythmias, such as ventricular tachycardia, that have failed to respond to 


adequate doses of a first-line antiarrhythmic agent, such as lidocaine. 
Use of BRETYLOL should be limited to intensive care units, coronary care 
units or other facilities where equipment and personnel for constant monitor- 


.. ing of cardiac arrhythmias and blood pressure are available. 


Following injection of BRETYLOL there may be a delay of 20 minutes to 2 
hours in the onset of antiarrhythmic action, although it appears to act within 
minutes in ventricular fibrillation. The delay in effect appears to be longer 
after intramuscular than after intravenous injection. 


— CONTRAINDICATIONS —There are no contraindications to use in treatment 


_ Of ventricular fibrillation or life-threatening refractory ventricular arrhythmias 


. WARNINGS 1. Hypotension: Administration of BRETYLOL regularly results 


“їп postural hypotension, subjectively recognized by dizziness, light-headed- 
ness, vertigo or faintness. Some degree of hypotension is present in about 
50% of patients while they are supine. Hypotension may occur at doses 
lower than those needed to suppress arrhythmias. 


Patients should be kept in the supine position until tolerance to the 
hypotensive effect of BRETYLOL develops. Tolerance occurs unpredict- 
ably but may be present after several days 


Hypotension with supine systolic pressure greater than 75 mm Hg need 
not be treated unless there are associated symptoms. If Supine systolic 
pressure falis below 75 mm Hg, an infusion of dopamine or norepinephrine 







- may be used to raise blood pressure. When catecholamines are adminis- 


tered, a dilute solution should be employed and blood pressure monitored 
closely because the pressor effects of the catecholamines are enhanced by 
BRETYLOL. Volume expansion with blood or plasma and correction of dehy- 
dration should be carried out where appropriate. 
2. Transient Hypertension and Increased Frequency of Arrhythmias: Due 
to the initial release of norepinephrine from adrenergic postganglionic nerve 
terminals by BRETYLOL, transient hypertension or increased frequency of 
. premature ventricular contractions and other arrhythmias may occur in some 
patients. 
3. Caution During Use with Digitalis Glycosides: The initial release of nor- 
epinephrine caused by BRETYLOL may aggravate digitalis toxicity. When a 
life-threatening cardiac arrhythmia occurs in a digitalized patient, BRETYLOL 
should be used only if the etiology of the arrhythmia does not appear to be 


. digitalis toxicity and other antiarrhythmic drugs are not effective. Simultane- 


ous initiation of therapy with digitalis glycosides and BRETYLOL (bretylium 
tosylate) should be avoided. 

4. Patients with Fixed Cardiac Output: In patients with fixed cardiac output 
(1.е., severe aortic stenosis or severe pulmonary hypertension) BRETYLOL 
Should be avoided since severe hypotension may result from a fall in periph- 
eral resistance without a compensatory increase in cardiac output. If survival 


| is threatened by the arrhythmia, BRETYLOL may be used but vasoconstrictive 


catecholamines should be given promptly if severe hypotension occurs. 


. USE IN PREGNANCY — The safety of BRETYLOL in human pregnancy has not 


been established. However, as the drug is intended for use only in life- 
- threatening situations, it may be used in pregnant women when its benefits 

Outweigh the potential risk to the fetus 

USE IN CHILDREN—The safety and efficacy of this drug in children have not 

been established. BRETYLOL has been administered to a limited number of 


. pediatric patients, but such use has been inadequate to define fully proper 


. dosage and limitations for use. 
PRECAUTIONS — 1. Dilution for Intravenous Use: BRETYLOL should be 


‘diluted (one part BRETYLOL with four parts of Dextrose Injection, USP or 
- Sodium Chloride Injection, USP) prior to intravenous use. Rapid intravenous 


administration may Céuse severe nausea and vomiting. Therefore, the diluted 
solution should be infused over a period greater than 8 minutes. In treating 
existing ventricular fibrillation BRETYLOL should be given as rapidly as pos- 
Sible and may be given without dilution. 

2. Use Various Sites for Intramuscular Injection: When injected intramus- 
Cularly, not more than 5 mi should be given in a site, and injection sites 


` Should be varied since repeated intramuscular injection into the same site 


may cause atrophy and necrosis of muscle tissue, fibrosis, vascular degen- 
eration and inflammatory changes. 

3. Reduce Dosage in Impaired Renal Function: Since BRETYLOL is excreted 
principally via the kidney, the dosage interval should be increased in patients 
with impaired renal function. 

ADVERSE REACTIONS —Hypotension and postural hypotension have been the 
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2-dimensional echocardiography comple- 
mented by M-mode echocardiography has 
become one of the most common nonin- 
vasive diagnostic tools used by the cardiolo- 
gist. With publication of the ATLAS of 
2-DIMENSIONAL ECHOCARDIOGRAPHY. 
neophyte and expert alike now have 
available to them the most truly usable 
didactic presentation of the subject ever 
published, 


A true atlas, this book provides in a large 
8% x12 format 251 black and white half 
tones, 152 line drawings and 6 charts which 
illustrate in exacting detail how to perform 
and interpret 2-dimensional echocardio- 
grams on patients with existing and/or 
suspected heart disease. The lucid accom- 
panying text leads the reader step-by-step 
through the entire process, leaving little to 
the imagination. It presents in the most sim- 
ple, direct way possible the broadest range 
of normal and abnormal 2-dimensional 
echocardiograms. The descriptions and 
detailed illustrations in its technical sections 
will ensure the superior level of perform- 
ance of echocardiographic techniques that is 
a sine qua non for good results. 
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VALVULAR HEART DISEASE 





Long-Term Results of Open Mitral Valve Reconstruction 
for Mitral Stenosis 


LAWRENCE H. COHN, MD, ELIZABETH N. ALLRED, MS, LESLIE A. COHN, 
VERDI J. DISESA, MD, RICHARD J. SHEMIN, MD, and JOHN J. COLLINS, Jr., 





MD 





Open mitral reconstruction for rheumatic mitral 
stenosis (MS) was performed in 120 patients, 101 
women and 19 men, aged 22 to 75 years (mean 49). 
Nine patients were functional class Il, 106 class Ill, 
5 class IV; 13 only underwent noninvasive studies, 
including echocardiography, before surgery, while 
107 had preoperative cardiac catheterization 
studies. The latter showed a mean valve area of 1.09 
cm? and a pulmonary artery wedge to left ventricular 
mean diastolic gradient of 14 mm Hg. Cardiopul- 
monary bypass was used in all patients for open 
reconstruction under direct vision. Superior com- 
missurotomy was done in 115 patients, inferior in 
114, papillary muscles were incised and chordae 
lengthened in 39 and calcium was excised from 
valve leaflets in 23. Suture or ring anuloplasty was 


not required in any patient. The series was begun _ 


January 1972 and terminated in January 1984. 


Personal follow up was conducted in July 1984. 


There were no operative deaths in the 120 patients. 


There were 5 late deaths, all from noncardiac - 


causes. The mean follow-up time was 53 months. 


The actuarial probability of survival at 10 years was 
95 + 2%. Thromboemboli occurred in 9 patients; - 
the probability of freedom from thromboemboli at - 


10 years was 91 + 3% and the linearized rate was 


1.896 /patient-year of follow-up. Reoperation was - 
required in 9 patients, an absolute incidence of 7.5% _ 


and an annual incidence of 1.7 96 /patient year. At 
10 years the probability of freedom from reoperation 
was 84 + 5%. 

(Am J Cardiol 1985;55:731-734) 





Mitral valve reconstruction has been more aggressively 
used in recent years because of improvement in surgical 
techniques for reconstruction," and because the 
long-term follow up of mitral valve replacement devices 
has documented thrombotic complications of prosthetic 
valves?^ and tissue dysfunction in bioprosthetic 
valves.?-? Closed mitral commissurotomy, first applied 
for the treatment of mitral stenosis (MS),9? has been 
almost totally replaced by the open method of valvu- 
loplasty because of improved cardiopulmonary perfu- 
sion techniques. We have used open repair and recon- 
struction of the mitral valve since 1972 and report our 
long-term results with this form of surgical treatment 
of MS. 


From the Department of Surgery, Harvard Medical School and Brigham 
and Women's Hospital and the Harvard School of Public Health, Com- 
puter Sciences Facility, Boston, Massachusetts. Manuscript received 
October 5, 1984; revised manuscript received November 27, 1984, 
accepted November 29, 1984. 
Address for reprints: Lawrence H. Cohn, MD, Department of Surgery, 
Brigham and Women's Hospital, 75 Francis Street, Boston, Massa- 
chusetts 02115. 
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Methods 


Clinical data: From January 1972 to January 1984, 120 
patients underwent open mitral valvuloplasty for rheumatic 
MS. This was a “consecutive” series in that every patient who 
underwent this operation during this time period was included 
in the analysis; however, in an additional 15 to 20%, recon- 
struction was attempted but a valve replacement was ulti- 
mately required. There were 101 women, 19 men, aged 22 to 
75 years (mean 49); 9 patients were in functional class II, 106 
in class III and 5 in class IV. 

One hundred seven patients underwent preoperative 
catheterization and 13 had only noninvasive studies (M-mode 
and cross-sectional echocardiography). The cardiac rhythm 
was classified as normal sinus in 54 and atrial fibrillation in 
66. Trivial to mild mitral regurgitation was noted on cathe- 
terization in 40 patients. The range of pulmonary artery 
pressure (mm Hg) was 13 to 68 (mean 31) the pulmonary 
capillary wedge was 6 to 61 (mean 21) the calculated mitral 
valve area (cm?) was 0.4 to 2.3 (mean 1.09) the mean pulmo- 
nary wedge left ventricular diastolic gradient was 14 mm 
Hg and the cardiac index (liters/min/m?) was 1.2 to 5.9 
(mean 2.7). 

The indications for operation were congestive heart failure 
in 92 patients and thromboembolic events in 28 patients. 
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rmed lin n patients with fe ыл ры aortic and superior and 
P^ af infe ior caval cannulation without caval snares. This afforded 
` bette г decompression of the right atrium by removing coro- 
nary sinus return. Myocardial protection consisted of systemic 
E һу] р othermia (32°C), deep local hypothermia (4°C) and aortic 
{ foot ‚ cold potassium cardioplegia. The left atrium was opened 
Sr bove the right superior pulmonary vein and cautiously as- 
pr ra ated to prevent dislodgment of possible atrial thrombus. 
# ‘The interior of the left atrium was checked first for thrombus 
ar and the valve then inspected for the following pathologic 
Ee (1) superior commissural fusion, (2) inferior com- 
ssural fusion, (3) calcification, (4) subvalvar agglutination 
f chordae and (5) length of chordae. 
By placing both anterior and posterior leaflets on tension 
за ach commissure, removal of calcific deposits of either 
let or commissure was done by incising the overlying en- 
dc са ardium and carefully debriding the calcific debris with 
Я pitu itary rongeurs and endarterectomy instruments. If the 
alve leaflet was calcified throughout, preservation of the 
eaflet was probably not possible and replacement was per- 
У. rr ned. In many instances calcified nodules were lifted off in 
| tote 0 and the valve leaflet was quite pliable. Incision of the 


‘ patie isi in whom subvalvular fusion was dense (usually di- 
е rect y over the papillary muscle where chordae are the 
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n the bottom кеса ан о! patients at risk at each 


and the didi rere cre jte TA ddition; shortenec ied ch ed e ) 
and papillary muscles could be lengthened by incis sing of | 
several millimeters, separating the chordae and incising the — 
papillary muscle to increase the length of the subleaflet | 
mechanism. Valvuloplasty generally requires 30 to 45 minutes 
of cardiopulmonary bypass time, but some simple operations 
have been done within 15 minutes, while more complicated 
procedures have taken as long as 60 minutes. 

Final valve competency was tested by direct palpation of 
the valve through the left atrial suture line after defibrillation 
with the heart beating and fully loaded just before cessation 
of cardiopulmonary bypass. A left atrial pressure line was 
inserted for hemodynamics after valve reconstruction. New 
valvar regurgitation was repaired by anuloplasty techniques 
if hemodynamically significant. Postoperatively anticoagu- 
lation with warfarin at 1.5 times prothrombin control was 
administered if the patient was in atrial fibrillation. If the 
patient was in normal sinus rhythm, aspirin (500 mg/day) was 
administered. 

Superior commissurotomy was done in 115 patients, inferior 
commissurotomy in 114, papillary muscles were incised and 
chordae lengthened in 39 patients and mild-to-moderate 
calcium was removed from valve leaflets in 23. Suture or ring — 
anuloplasty was not required in any patient although 10% of 
patients had trivial mitral regurgitation that was not hemo- 
dynamically significant by palpation or left atrial pressure 
measurement at operation. д 

Patient follow-up and statistical analysis: All patients 
were contacted personally in July 1984. A detailed clinical 
profile was obtained on each patient to determine functional 
class, heart rhythm, thromboembolic incidents, anticoagu- 
lation status, date of reoperation (if any) and cause of late 
death. Autopsy reports, death certificates, or both were used 
to ascertain the cause of death in all cases. 

Assessment of time-related events is reported in actuarial, 
absolute and linearized (%/patient-year at risk) terms with 
standard error of the mean. Data were entered into a VAX 
11/780 computer (Digital Equipment Corp.) using the UNIX 
operating system and the GDVS interactive data entry sys- - 
tem. Data were read into the IBM 4341 computer using SAS- 
(Statistical Analysis System, SAS Institute). Data were then 
recoded, subsets were made when necessary and endpoints 
and time-to-endpoints were calculated. The data were further 
analyzed with SAS or the BMDP routine (BMDP Statistical _ 
Software, University of California, Los Angeles) PIL, which _ 
performs actuarial (Kaplan-Meier) life-table analysis. 
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| Results 


There were no operative deaths in the 120 patients. 
There were 5 late deaths: 2 from renal failure, 2 from 
cancer and 1 patient from an auto accident. Fifteen 
patients were lost to follow-up. The mean follow-up 
time was 53 months (range 6 to 143 months). The 
actuarial probability of survival at 10 years was 95 + 2% 
(Fig. 1). 

Postoperative functional class was assessed. No pa- 
tients were in functional class IV, 9 were in class III, 5 
were in class II and 91 were in class I. Thromboemboli 
occurred in 9 patients and included those with transient 
ischemic attacks presumed to be thromboembolic, as 
well as those with neurologic sequelae. The actuarial 
probability of freedom from thromboembolism at 10 
years was 91 + 396 (Fig. 2). The linearized rate was 1.8% 
emboli/patient-year of follow-up. Although 6 of 9 pa- 
tients were in atrial fibrillation and on chronic anti- 
coagulation, the probability of an embolus in patients 
with atrial fibrillation vs patients with normal sinus 
rhythm was not significantly different. Of 50 patients 
in atrial fibrillation preoperatively, 25 converted to sinus 
rhythm. Of 42 patients in preoperative sinus rhythm, 
30 remained in sinus rhythm while 12 reverted to atrial 
fibrillation. 

The frequency of reoperation because of recurrent 
stenosis or mitral regurgitation is calculated actuarially 
in Figure 3. Nine patients required reoperation, an ab- 
solute incidence of 7.5% or an annual incidence of 
1.7%/patient-year. Reoperation necessitated valve re- 
placement in all patients (6 tissue valves, 3 tilting disc 
prosthetic valves); there was 1 operative death. The 
mean time to reoperation was 52 months. At 10 years 
probability of freedom from reoperation was 84 + 5%. 


Discussion 


The last major studies from the U.S. on closed mitral 
valvuloplasty were from the late 1960s!!-!8 and reported 
an associated operative mortality of 3 to 4%. Table I is 
a summary of the data from 5 ѕегіеѕ!0:!4-16 of open mi- 
tral valvuloplasty operations and includes the present 
one. Table I lists a low mortality rate with the open 
procedure and excellent long-term results according to 
freedom from thromboemboli and reoperation. In many 
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TABLE | Жогол оме Series of Open Mitra lve 
Operations for Mitral Stenosis ' Ms Ж: 
Меап Reoperation _ 
No. Operative Follow- T(%/ Rate 170 
of Mortality Up patient- (96 /patient- TUR 
Report Pts (96) (mo) year) y n E 
Laschinger 150 0 46 0.7 0 E ; 
et al! б; 
Vegaetal’® 155 1.2% 36 0.6 0.5: 058 3 
Housman 100 1 46 0.5 46. PE 
et al!6 ES 
Aaron and 106 0.9 36* 0.6 09 И 
Lower o E 
Cohn et al 120 0 53 1.8 14 n ie 
(present) Buen. М | 
ИМЕ aii aio eevee КЫ Шы ыы 
* Assumed from partial data presented. T = Б: D. 
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countries the closed operation is still important i int hi ym 
treatment of many young persons with rheumatic miti і 
disease. In a large study from India!” (mean age 27), Де, 
comparable operative and late complication rates were re b. 
reported. ue | 
The low operative risk and the long-term effective- - 
ness of open mitral reconstruction suggest that e а 2 
earlier operation should be given consideration in pa a" 
tients with MS to prevent development of chronic a 
fibrillation. Chronic atrial fibrillation from any d 
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verd 


adversely affects long-term mortality rates (Fig. pa 18,18 B. 
Atrial fibrillation cannot usually be converted to norme 
sinus rhythm, despite valve repair or replacement, E 
present for more than 1 year preoperatively.?? e vc 
fore, the onset of atrial fibrillation or clinical thr 
boembolus even in a functional class II patient may be - d Y 
an indication for open mitral valvuloplasty. Althoug 
in this series there was no significant long-term differ. — 
ence in thromboemboli between patients with normal _ 
sinus rhythm and those with atrial fibrillation, statis 
tically the numbers are small. Differences are ша 
striking with patients undergoing valve replacement. a +f 
Because mitral reconstruction has low short- term. » 
morbidity and mortality rates, it may be appropriate to 
reconstruct valves earlier rather than wait fora more _ 
advanced clinical state when mitral valve replacement. | 
may be more likely. 

Comparing these data on mitral valve repair to large | n 
series of patients undergoing mitral valve M. 
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. mitral valvuloplasty appears to be a better, safer oper- 
. ation both short- and long-term. This may not be a valid 

.. correlation, however, because in the mitral valvuloplasty 
group the age of patients is considerably younger, the 


number of class IV patients is less, the incidence of as- 
sociated operative procedures is lower and the patho- 
logic features of the valve and other associated cardiac 
structures, particularly pulmonary hypertension, are 
not as severe. 

Reoperation for recurrent MS, insufficient relief of 


М5 or mitral regurgitation after mitral valvuloplasty 


increases with time. Reoperation should be performed 
before severe functional impairment develops. The risk 
of reoperation is still as low as the first-time operation 
for mitral valve replacement provided follow-up has 
been consistent. Excluding patients lost to follow-up, 
the incidence of reoperation in this group is less than 
10% over a mean follow-up period of more than 4 years 
(Table I). 
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Results of Valve Reconstruction for Mitral Regurgitation 
Secondary to Mitral Valve Prolapse 


PATRICIA A. PENKOSKE, MD, F. HENRY ELLIS, Jr., MD, PhD, SIDNEY ALEXANDER, MD, ag 
and ELTON WATKINS, Jr., MD А 


Mitral valve prolapse (MVP), often the result of 
myxomatous degeneration of the mitral valve, is the 
most commonly known pathologic entity leading to 
pure mitral regurgitation (MR). Reconstruction of the 
mitral valve rather than replacement is particularly 
applicable to this pathologic defect, but is not often 
used in the U.S. Experience with reconstruction of 
the mitral valve for MR secondary to MVP during the 
period January 1970 to January 1984 was reviewed. 
A total of 479 patients with mitral valve disease 
underwent operation during this period, 82 (17%) 
of whom had MR secondary to MVP. Thirty-one 
patients (696) had valve reconstruction by а 
technique of leaflet plication and posteromedial 
anuloplasty. Eleven of these patients had associated 
cardiac disease requiring correction: 2 requiring 
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Mitral valve prolapse (MVP), often the result of myx- 
omatous degeneration of the mitral valve and some- 
times described as the floppy valve, is the most usual 
pathologic entity that leads to pure mitral regurgitation 
(MR).! Although replacement of the valve is the tech- 
nique most frequently used in the U.S. for surgical 
correction of this defect, its pathology is such that re- 
construction of the valve is often technically feasible. 
Many surgeons, particularly those from England and 
Europe, prefer reconstruction to replacement to mini- 
mize the threat of thromboembolic- and warfarin-re- 
lated complications that accompany the use of pros- 
thetic valves. We present our experience with valve 
reconstruction for pure MR in patients with MVP with 
and without ruptured chordae tendineae. 
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aortic valve replacement and 9 requiring coronary _ | 
artery bypass grafting procedures. One hospital _ 
death (3%) and 6 late deaths (19 % ) occurred, of : 
which only 3 were related to cardiac factors. Major - 
complications included recurrent MR in 5 patients 
and cerebral embolus in 1 patient. The adjusted — Я 
5-year survival rate was 89 + 6 (mean + standard _ 
error of the mean), and the overall survival rate of — 
patients free of cardiac-related complications was - К. 
73 + 9%. Thus, reconstruction of the mitral valve 
is a highly effective surgical approach to the man- | 
agement of symptomatic patients with MR secon- — 
dary to MVP, and its use is favored over replacement 
in the management of these patients. ic^ 


(Am J Cardiol 1985;55:735-738) _ 


Methods 


Case material: From January 1970 to January 1984, 479 
patients with disease of the mitral valve were operated on at 35 
the New England Deaconess Hospital, Boston. Of these pa- „а 
tients, 82 (17%) had MR secondary to MVP, and in 31 patients 
(6%) valve reconstruction was performed (Fig. 1). d 

Clinical characteristics: The median age of patients was ~ 
63 years, and 17 were men and 14 were women. Twenty-seven _ 
patients were in New York Heart Association (NYHA) class — 
III, 2 were in class II and 2 were in class IV. At presentation, r 
18 patients had atrial fibrillation, and the others had normal - 
sinus rhythm. Eleven had associated cardiac disease requiring 
correction at the time of valve reconstruction: 2 requiring 
aortic valve replacement and 9 having coronary artery bypass 
grafting procedures. | 

Pathology: Appearance of the mitral valve was similar in | 
all patients. The surface area of the valve leaflets was in- 
creased. The chordae tendineae were lengthened and thinned _ 


and the interchordal spaces widened, resulting in ballooning du 
of the tissue of the leaflets and giving them a hooded ap- _ 
pearance. The posterior leaflet was involved more frequently m 
(22 patients) than the anterior leaflet (8 patients); in only 1 — 
patient were both leaflets involved. Chordal rupture was  . 
present in 19 of the 31 patients and usually involved 1403 ~ 
chordae. Anular dilatation was present іп most patients. No — 


patient had mitral stenosis. 





А ФР 
һм ў Г. 
MUS E. A 


1:1... 


* 


el 


zh 


ЕЕ. | 
за 3 е, 
t 


А Уеа EA: Nd qoM Tu. E BL - i E i { 
Te Ma ION. SEC TALANTA AD A 4 РҮКҮ | 





EI^ + 
p 


— Surgical techniques: The reconstructive procedures were 
performed by one of us (ЕНЕ). When reconstructive attempts 
_ failed because of valve distortion, the valve was replaced. 
.. Competence was restored by the technique originally de- 
_ scribed by McGoon,? which essentially excludes the flail 
` portion of the leaflet by plication with sutures of fine nonab- 
_ sorbable material that approximate the points on the leading 
-. edge of the involved leaflet to which normal chordae remain 
` attached (Fig. 2). The procedure serves the dual purpose of 
~ stabilizing the flail segment and decreasing the surface area 
. ofthe leaflet. To assure coaptation of the 2 leaflets, anulo- 
уз _ plasty was performed by the figure-eight suture technique 
EF when anular dilatation was recognized (Fig. 3). One figure- 
B^ eight anuloplasty suture was used posteromedially in 14 pa- 
_ tients. Additional sutures were needed posteromedially in 4 

_ patients, and 9 patients also required an anuloplasty suture 


ыт 


о anterolaterally. Clefts identified in the leading edge 










` of the posterior leaflet were approximated with interrupted 
. sutures of fine nonabsorbable material in 3 patients. Nar- 
rowing of the mitral anulus is an essential part of the recon- 
_ structive procedure. The goal is to achieve a degree of over- 
correction in anticipation of possible subsequent loosening 
` of the anuloplasty stitch. An opening of 2 fingerbreadths is 
ey considered ideal, and competence is tested intraoperatively 
__ by intraventricular injection of saline solution under pressure 
. using a handheld syringe. 
—. . Follow-up data: All surviving patients were available for 
_ follow-up evaluation either by personal interview or by letter 
_ within the past 6 months. The mean follow-up interval was 
(MH months. Factors considered in analysis of results included 
_ NYHA classification, cardiac rhythm, presence or absence of 
ES apical systolic murmur, thromboembolic and warfarin-related 
` complications, valvular dysfunction, need for repeat operation 
. and death. 
_ Statistical methods: Survival patterns and actuarial 
. analysis of complication-free periods were determined by 
life-table analysis with calculation of standard error values. 
_ The significance of differences between life-table or com- 
_ plication-incidence plots was determined by logrank 


. analysis.‘ 





д Б Results 

_ Complications: Mortality: One (3%) of the patients 
.. died in the hospital. This patient with combined aortic 
. and mitral disease was in NYHA class IV. Death oc- 
. curred 12 days after replacement of the aortic valve and 
. reconstruction of the mitral valve from complications 
. of a cerebrovascular accident during the perioperative 
. period. 
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` FIGURE 1. Distribution of operations on the mitral valve at the New 
England Deaconess Hospital by years 1970 to 1984. Shaded and 
` cross-hatched areas represent reconstruction and replacement ор- 
_ erations, respectively, performed for mitral regurgitation secondary 
. to mitral valve prolapse. 








м 
үчү ү. 
b e +, 
p^ San D 5 ah = uic. Tz - 
е 4 ^ Sere hal ate tk S Iw А اا“‎ 
k pom" wu E , F] АР ы te - е $ хў» ^ б? 
РО: Ln n erred UE Coe TELS M R] 
P "erf " ү t HD TRATEN M 4 жат 
F D 4 ^ of La et 
2 ES - ^-^ 4 
JUN ^ 


b ta te, fe, 2x. 5A Ue 
a H he Ns TT d ^ TS os 
78 T? 2 oe e 
a & › 


Six late deaths (19%) occurred, of which only 3 were 


other 3 late deaths were caused by noncardiac factors: 
1 patient died after closure of a colostomy 28 months 
postoperatively, 1 died from a ruptured abdominal 
aneurysm 9 months after valve reconstruction, and 1 died 
from unspecified causes 2 years after operation. The 
actuarial overall 5-year survival rate was 78 + 8% (mean 
+ standard error of the mean), and the adjusted fig- 
an serait non-cardiac-related deaths was 89 + 6% 
Fig. 4). 

Persistent or recurrent mitral regurgitation: Five 
patients (16%) had either persistent or recurrent MR 
postoperatively. One of these was the patient who re- 
fused to undergo repeat operation and later died from 
cardiac failure. Another patient had successful repeat 
operation and repeat valvuloplasty 4 months after the 
original operation and is well 3 years later. Three pa- 
tients with recurrent MR required replacement of the 
mitral valve at 6, 11 and 20 months, respectively, after 
reconstruction. One of these patients died postopera- 
tively and the other 2 are well. Of the 21 surviving pa- 
tients who did not require repeat operation, 1 has a re- 
sidual systolic murmur of significance (greater than 
grade 2 on the basis of 1 to 6), and she is well 12 years 
after valve reconstruction. 

Thromboembolic or warfarin-related compli- 
cations: One patient who had atrial fibrillation but was 
not taking anticoagulant medication had a cerebro- 
vascular accident 6 days after operation. АП patients 
now receive anticoagulant drugs for at least 6 weeks 
postoperatively. No bleeding problem was identified in 
any patient. 

Cardiac status: All 24 surviving patients are in 
NYHA class I or II. Twenty patients remained free of 
cardiac-related complication for an average of 33/4 fol- 
low-up years. Actuarial curves of survival free of car- 
diac-related complication are displayed in Figure 4. 





FIGURE 2. Technique of reconstruction of the mitral valve. A, ap- 
pearance of valve with ruptured chordae tendineae to midpoint of 
posterior leaflet (PL). B, initial plicating suture has been placed. AL — 
anterior leaflet. 
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DISS 
Mitral valve prolapse is the leading cause of isolated 
MR and accounts for 10 to 20%° of all open operations 
on the mitral valve. Since first described in 1958,6 the 
billowing or floppy valve syndrome has been the subject 
of numerous attempts to characterize the defect or de- 
fects leading to it. The primary pathologic process in 
this condition, according to Guthrie and Edwards,’ is 
not degeneration but an actual increase in thickness of 
the spongiosa with acid mucopolysaccharide deposition 
and focal infiltration of the fibrosa that lead to weakness 
of this central core. The leaflets increase initially in 
width and length, especially between sites of chordal 
attachment, and this gives them a hooded appearance. 
In addition to chordal elongation, actual rupture of the 
chordae tendineae is a frequent complication and oc- 
curred in 19 of our 31 patients. The chordae attached 
to the prolapsing portion of the valve are those sus- 
ceptible to exposure. Congenital clefts of the posterior 
leaflet, which were present in one-third of our patients, 
also contribute to incompetence of the mitral valve. 

With few exceptions,?-!4 little enthusiasm is ex- 
pressed in the U.S. for valve reconstruction in the 
management of MR in contrast to the wide experience 
reported from England and Europe.!?-?? The effort of 
Carpentier et al?!-?4 to classify and treat diseases of the 
mitral valve has led the field in technical inventiveness 
and number of patients treated. 

The experience that we describe is modest in number 
of patients, but it does emphasize some of the advan- 
tages of valve reconstruction over replacement when 
applied to patients with MVP. The technique is ac- 
companied by a low hospital mortality rate and a low 
late mortality rate when only deaths caused by car- 
diac-related factors are considered. Such events as 
thromboembolic complications and warfarin-related 
problems are minimal. The major complication of the 
technique we use is persistent or recurrent MR occur- 
ring in 5 of the 30 patients surviving operation. How- 
ever, only 2 of these 5 patients were among the 6 late 





FIGURE 3. Technique of reconstruction of the mitral valve. A, com- 
pletion of plication of redundant everting portion of posterior leaflet and 
. placement of figure-eight posteromedial anuloplasty suture. B, com- 


. pleted procedure showing exclusion of the everting redundant portion 


К of posterior leaflet and nertawing of the aaa mitral тд. 































Чай. Three аге БОШ ЫЛ well after vayê repla acemer 
or repair. Persistent or recurrent MR can be reduce d ү: y 
ensuring correction of anular dilatation at the time ЁЙ 
operation. The degree of anular dilatation was not ap 
preciated in 4 patients in this series, and posteromedia! i 
anuloplasty was not used. In 3 of these patients, peg 
sistent or recurrent MR developed. E 

The Carpentier?! ring or excision of the prolapsin 1g Ж. 
portion of the posterior leaflet and placement of ата 
loplasty sutures at the site of the suture approximation _ 
of the surgically produced defect in the leaflet have 
been used to abolish anular dilatation.!4 We have not 
had experience with such techniques. js 

Although comparison of the results of reconstruction 1 Э 
with those of replacement for MVP in our hospitals i 
tempting, the groups are not entirely similar because _ 
almost all of the replacement operations were per- 13 
formed by different surgeons and conceivably on р i Р”: 
tients with different clinical presentations. Howe ver, _ 
the crude hospital and late mortality rates were high 
among the replacement group than among the recone У. 
struction group, and thromboembolic апа warfarin- | 5 
related complications were more numerous. When і he 
overall actuarial survival rates and complication-free ee 
survival rates were compared the differences did not 
reach statistical significance because of the sm aall 
size of the reconstruction series. Other workers!” ae 
have performed such comparative studies, and the 4 
results favoring replacement over reconstruction io: 
impressive. Hu "ti 

We believe that valve reconstruction has demon- 
strable advantages over replacement in the manage- 
ment of MR secondary to MVP. When proper tec 
niques are applied to properly selected patients the risk ~ 
of the operation is low, and long-term uncomplicated — 
survival rates are high. 
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Relation of Mitral Valve Prolapse to Left Ventricular Size 
in Marfan’s Syndrome 


SANDRA DORSEY LIMA, JOAO A.C. LIMA, MD, REED E. PYERITZ, MD, PhD, 
and JAMES L. WEISS, MD 


Sporadic recent reports suggest that mitral valve 
prolapse (MVP) disappears with progressive left 
ventricular (LV) dilatation. To test this hypothesis, 
we sought to determine if an inverse relation exists 
between MVP and LV cavity size on M-mode 
echocardiograms in 83 patients with Marfan’s syn- 
drome. LV end-diastolic dimensions and presence 
or absence of MVP were determined. Forty-six pa- 
tients had MVP. Of patients with an LV end-diastolic 
dimension <5 cm, 90% had MVP; only 19% of the 
32 patients with abnormally large (75.8 cm) end- 
diastolic dimension had MVP. The prevalence of 
MVP in patients with an LV end-diastolic dimension 
of 5.1 to 5.8 cm was 69%. Thus, the prevalence of 
MVP was inversely related to LV cavity size. 

To determine whether appearance or disap- 
pearance of MVP was associated with decrease or 
increase in LV cavity size, serial echocardiograms 
from 67 patients (mean follow-up 42 months, range 
3 to 99) were examined. These patients were sep- 


Mitral valve prolapse (MVP) is generally a benign 
condition that may infrequently be associated with such 
serious complications as rupture of the chordae tendi- 
neae, bacterial endocarditis and ventricular arrhythmias 
with sudden death.!-* 

The lack of an animal model for this condition has 
limited the investigation of its pathophysiologic features 
to observations in humans during physiologic and 
pharmacologic interventions aiming to elicit, modify or 
eliminate MVP transiently.5-? Some of these studies led 
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arated into 3 groups based on changes in the LV 
end-diastolic dimension of >1 cm over time. Group ~ 
1 consisted of 9 patients, all of whom had MVP and E 
normal LV cavity size on their initial study. With — 
subsequent increase in LV end-diastolic dimension - 
(mean 1.42 + 0.3), MVP disappeared in 6 of the 9. р. 
Conversely, group 2 consisted of 4 patients, all of 
whom had dilated left ventricles on their initial _ 
echocardiogram and no evidence of MVP. After - 
aortic valve replacement, the LV cavity size de- — 
creased (mean 2.3 + 0.7) and MVP appeared on n 
follow-up studies. Group 3 consisted of 54 patients s 
with little or no change in LV end-diastolic dimension 
(<1 cm, mean 0.4 + 0.2 cm). In this group, MVP - 
status remained unchanged throughout the follow-up - 
period. Thus, in patients with Marfan's syndrome, 
serial increase or decrease in LV size is associated, 
respectively, with disappearance or appearance of 
MVP. 


. 
Е 


(Ат J Cardiol 1985;55:739-743) 


to the hypothesis that systolic prolapse results from a | 
valvuloventricular disproportion, whereby the mitral _ 
valve is either “too large" for the ventricle or the ven- - 
tricle “too small" for the valve.? 

We investigated the relation between MVP and left 
ventricular (LV) cavity size in patients with Marfan's 
syndrome. This connective tissue disorder represents 1 
the clinical combination of a high prevalence of MVP 
with aortic regurgitation (AR) and consequent LV en- 
largement.!? A rationale for this study was the recog- | 
nition that increasingly severe AR and the ventricular _ 
chamber geometric changes consequent to AR, and the | 
reversal of the LV geometric changes by valve replace- : 
ment are likely to occur regardless of mitral va!ve size, 
shape and composition. | 


Methods 


Patients: We examined data retrospectively from 83 con- 
secutive adult patients with Marfan's syndrome who under- . 
went echocardiography between 1975 and 1978. Mean age was _ 
35 + 14 years (17 to 63); 62% were men. d$ 
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OM 3 Absent 


A Present 
VAM Mitral Valve Prolapse 
E | Left ventricular end-diastolic <5.0 2 20 
dimension (cm) 5.1-5.8 9 20 
Л >5.8 26 6 
Ra x? = 30.79; d.f. = 2; p <0.001. 
s. 2. P Aortic Regurgitation 
. Left ventricular end-diastolic «5.0 20 2 
—.. dimension (cm) 5.1-5.8 20 9 
R bit >5 8 f 25 


p X? = 28.06; d.f. = 2: p «0.001. 
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US E We also examined data from 67 of these patients who had 
» serial echocardiography between 1975 and 1982 to determine 
. whether appearance or disappearance of MVP was associated 


.. with a decrease or increase in LV cavity size. These echocar- 
; ` diograms (mean interval between first and last echocardio- 
. gram 42 months, range 3 to 99) were examined for longitudinal 
_ changes in clinical and echocardiographic variables. These 
КМ, patients were separated into 3 groups based оп а change in LV 
. end-diastolic dimension >1 cm over time. Group 1 consisted 
` of 9 patients, all of whom had MVP and normal LV cavity size 
. on their initial study and subsequent increase in LV end- 
.. diastolic dimension in later studies. Group 2 consisted of 4 
. patients, all of whom had dilated LV cavity size on their initial 
. echocardiogram and no evidence of MVP. After aortic valve 
` replacement, LV cavity size decreased. Group 3 consisted of 
. 54 patients with little or no change in LV end-diastolic di- 
_ mension (<1 cm, mean 0.4 + 0.2). 

d vt The criteria used for the diagnosis of Marfan's syndrome 
` have been published!? and are based on 4 groups of features: 


_ (1) skeletal features (all patients in this study were examined 
` for arachnodactyly, abnormal body proportions, scoliosis and 
pectus deformity), (2) ectopia lentis or high-grade myopia, (3) 
aortic dilatation and (4) family history. In patients in this 
Rudy, if the family history was negative, then features Ег; 
_ and 3 were positive. However, if the family history was posi- 
_ tive, then features 1, 2 or 3 was positive. MVP was not a di- 
_ agnostic criterion for this study. All patients were examined 
by one of us (RP) to assure that these criteria were met. 

_ Clinical and echocardiographic parameters: The 
medical charts and the 359 M-mode echocardiograms from 
_ the 83 patients were analyzed. Thirty-six patients had cardiac 
. catheterization with angiography. M-mode echocardiographic 
_ variables examined were: (1) LV end-diastolic dimension 
. measured at the onset of the QRS complex and taken from the 
- left side of the ventricular septum to the endocardium of the 
. posterior wall; (2) MVP defined as deflection of either mitral 
_ valve leaflet posterior to the “С” point by 22 mm throughout 


_ systole, or beginning in midsystole; and (3) mitral valve or 
septal fluttering, or both. 
_ Aortic regurgitation was defined (in 23 patients) by the 


a 


“evidence of a typical murmur plus M-mode echocardiographic 



































evidence of fluttering of the mitral valve or the ventricular 
_ septum or both; the presence or absence of AR was confirmed 
опа patients who had aortography.!? Mitral regurgitation 
_ was considered to be present when moderate or severe at 
_ cardiac catheterization with ventriculography. All patients 
with clinically significant mitral regurgitation (defined by an 
apical holosystolic murmur grade 3/6 or more) underwent 
cardiac catheterization. 
_ M-mode echocardiograms were examined independently 
by 2 investigators. All numerical measurements represent the 
average from the 2 observers. The interobserver correlation 
| was high ( = 097). When a conflict of interpretation relating 
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to the presence of | or fluttering occurred, a third observer | 


was consulted, who acted as arbitrator. This was necessary for 
22 of the 359 echocardiograms examined. 

The most recent M-mode echocardiogram and corre- 
sponding clinical signs were selected for the part of the study 
that analyzed cross-sectional data. Heart rate, systolic blood 
pressure, mean arterial pressure and use of propranolol were 
recorded to determine whether the presence or absence of 
MVP was influenced independently by these variables. For 
2 patients who had undergone mitral valve replacement, the 
last M-mode echocardiogram before surgery and corre- 
sponding clinical data were considered. 

The 67 patients in whom follow-up data were obtained had 
multiple (up to 10) M-mode echocardiograms (mean 5 + 3 per 
patient). Serial M-mode echocardiograms, obtained at 6- to 
12-month intervals, were examined for changes in LV end- 
diastolic dimension, aortic root diameter and MVP status. The 
development of AR or aortic valve replacement during follow- 
up was also recorded. 

Statistical procedures: The chi-square test with Yates’ 
continuity correction (or Fisher’s exact probability in the case 
of small expected frequencies) was used to describe how much 
the observed frequencies of the specific variables or changes 
in specific parameters differed from the frequencies that 
would be expected if a random relation existed between them. 
Hemodynamic variables within and between groups were 
compared with analysis of variance. All values are expressed 
as mean + standard deviation. 


Results 


Cross-sectional studies: MVP was present in 46 of 
83 patients (55.4%). AR was present in 36 of 83 patients 
(43.4%) and moderate or severe mitral regurgitation 
(defined by an apical holosystolic murmur of grade 3/6 
or greater) in 9 of 83 patients (10.8%), 4 of whom also 
had AR. Eleven patients had aortic valve replace- 
ment, which was combined with mitral valve replace- 
ment in one. One patient had isolated mitral valve 
replacement. 

The relation between the prevalence of MVP and LV 
end-diastolic dimension is shown in Table I. Of the 
patients with LV end-diastolic dimension <5 cm (mean 
4.5 + 0.4), 90.9% had MVP, compared to only 18.7% of 
the patients with end-diastolic dimension >5.8 cm 
(mean 7.0 + 0.8). The prevalence of MVP in the group 
of patients with LV end-diastolic diameter from 5.1 to 
5.8 cm (mean 5.5 + 0.2) was intermediate (69.0%). Thus, 
the prevalence of MVP was inversely related to LV 
diameter and was least frequent in the group of pa- 
tients with abnormally large (>5.8 cm) end-diastolic 
dimensions. 

LV enlargement in Marfan’s syndrome may be caused 
by aortic or mitral regurgitation, or both. As shown in 
Table I, AR was present in 9.1% of patients with LV 
end-diastolic diameter <5.0 cm, and in 78.1% of patients 
with end-diastolic diameters >5.8 cm. The relation 
between LV cavity size and the prevalence of either 
isolated mitral regurgitation or combined mitral and 
aortic regurgitation was not significant, owing probably 
to the low prevalence of these 2 situations (6% and 4.8%, 
respectively) in relation to the prevalence of isolated AR 
(38.5%). Three of the 5 patients with isolated mitral 
regurgitation and 3 of the 4 with combined lesions had 
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| TABLEI Relationship of Mean Arterial Pressure, Systolic Blood Pressure and Heat — | 
E Rate to Presence or Absence of Mitral Valve Prolapse and to Left Ventricular — — — ne. 
Cavity Size B. 
Rie SEG 
Mean Arterial Systolic Blood ых 
Pressure Pressure Heart Rate aa 
(mm Hg)* (mm На)! (beats/min)? COME 
کے س ےت‎ eS EAS wey А 
ie 
MVP (+/—) LVEDd (cm) n Mean + SD Mean + SD Mean + SD s М е. 
— <5.8 11 913+ 0.6 123.3 + 15.8 59.0 + 10.6 Eu 
T <5.8 38 87.9 i 9.9 117.94 11.5 | 64.9 + 11:2 BEL 
" 25.8 24 (25) 85.6 ± 11.3 130.6 + 12.0 68.8 + 16.7 à m 
T 25.8 5 83.4 + 7.3 114.4 + 11.3 62.4 + 12.1 j $ 
* F = 1.04; d.f. = 3, 74; p = NS. CIIM 
ТЕ = 6.13; d.f. = 3, 74; p «0.001. m 
tF = 1.51; d.f. = 3, 75; p = NS. oS 
Blood pressure and heart rate values unavailable in 5 and 4 patients, respectively. CES 
LVEDd = left ventricular end-diastolic dimension; MVP (+/—) = presence or absence of mitral valve ELT. 
prolapse; n = number of patients; NS = not significant; SD — standard deviation. DER 
BE 
TABLE 1 Relationship of Propranolol Therapy to the TABLE IV Relationship Between Changes in Mitral Valve 
Presence or Absence of Mitral Valve Prolapse Prolapse Status and Changes in Left Ventricular 
and to Left Ventricular Cavity Size End-Diastolic Dimension During Follow-Up — 
i Period ESSO 
Mitral Valve ——. 
Prolapse Change in LVEDd Change in No Change іг Bea 
Propane So TS (cm) No. of Pts. MVP Status MVP Status 
Administration Present Absent — i 
بت‎ ee Group 1 (LVEDd > 1.0)* 9 6 9 ЗА 
All patients * Yes 21 21 mean 1.4 + 0.3 (MVP = 9)° (disappeared) EL 
Мо 22 14 Group 2 (LVEDd > 1.0)! 4 4 0а 
Patients with LVEDd <5.8 ст (№) Үеѕ 19 9 mean —2.3 + 0.7 (No MVP = 4) (appeared) А АБ 
No 18 2 Group 3 (LVEDd) 54 0 54 E 
Patients with LVEDd 25.8 cm (NS) Yes 2 12 mean 0.2 + 0.4 (MVP = 38) vi Dt UM 
No 4 12 (No MVP = 16)" EN 
Ai uf. Дх. . H , 1 1 е = 2 > E. 7 C HOS. 
: De 2 LVEDd = left ventricular end-diastolic dimension; p = NS; x? = 51.25; df. = 3; p «0.001. | p 
ROUES: * Increase іп LVEDd > 1.0 cm; mean initial LVEDd = 5.3 + 0.69, _ 
mean final = 6.7 + 0.85. ^ E 
t Decrease in LVEDd >1.0 cm; mean initial LVEDd = 7.6 + 1.1, _ 
mean final = 5.3 + 0.41. CCP ps 


t No change in LVEDd (< 1.0 cm); mean initial LVEDd = 5.1 + 0.97, _ 
A: B 


ular cavity size: Neither heart rate nor mean arterial mau facte 553 107 






pressure (Table П) was associated with LV end-diastolic 8 MVP demonstrated on initial echocardiographic study. CERE 
dimension or the presence or absence of MVP. Systolic 1 No MVP demonstrated on initial echocardiographic study. — _ T 
` blood pressure averaged approximately 6% higher in ves = left ventricular end-diastolic dimension; MVP = mitral valve — 
` those patients without MVP regardless of LV cavity т i Т P. 
size. E. 
The frequency of MVP was not influenced by pro- ААЙ 
pranolol therapy (Table ПІ), regardless of LV cavity Table IV lists numerical results for the 67 patien s а 
size. who were separated into 3 groups based on a change in - 
Longitudinal studies: Data from 67 of the 83 pa- the LV end-diastolic dimension >1.0 cm, as described 
tients who entered the cross-sectional study were ex- previously. In Group 1, an increase in LV cavity size (>l 
amined for changes in the size of the left ventricle and cm, mean 1.42 + 0.3) was associated with disappearan ce 
aortic root, and for the development or disappearance of MVP in two-thirds of the patients. Group 2 consisted 
of MVP and AR. Six of these patients had aortic valve of 4 patients with dilated left ventricles on their initial 
replacement with a composite aortic root graft. None echocardiograms and no evidence of MVP. After aortic _ 
had mitral valve replacement. The relation between valve replacement, the LV cavity size decreased more — 
changes in LV cavity size and the development or re- than 1 cm in diameter (mean 2.3 + 0.7) and MVP ap- - 
gression of MVP was investigated. Figure 1 shows the peared on follow-up studies in all 4 patients. The re: ji 
M-mode echocardiogram of 1 of our patients before and maining 2 patients who underwent aortic valve Te Ж 
after aortic valve replacement with a composite aortic placement during the period of follow-up had no . 
graft. MVP could not be detected on M-mode or 2- reduction in LV cavity size (Group 3) and no change in _ 
dimensional studies when LV end-diastolic dimension MVP status. iv ERN 
measured 6.0 cm, a few days before surgery (Fig. 1B and Group 3 consisted of 54 patients who had no sig 
Fig. 2). However, it could be easily demonstrated 9 cant change in LV end-diastolic dimension (<1 cm 
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with and 16 without MVP). Thus, in the 67 patients in 
whom follow-up data were available, serial increase and 
decrease in LV cavity size were associated with disap- 
pearance and development of MVP, respectively (p 

- €«0.001). 
The relation between changes in LV cavity size and 
_ changes in AR status were examined for the 67 patients 
_ with follow-up data. Nine of the 13 patients (69.2%) with 
а change in LV cavity size >1 cm also had a change in 
AR status (5 developed AR and 4 had aortic valve re- 
placement during follow-up) against 5 of the 54 patients 
(9.3%) with little or no change in LV end-diastolic di- 
“mensions (x? = 22.8, p «0.001). Isolated mitral regur- 
gitation (moderate or severe at catheterization) was 
_ present in 5 patients (10.4%) and combined mitral and 
aortic regurgitation were present in 2. Only 1 of the 5 
patients with isolated mitral regurgitation and 1 with 
‘combined lesions had an increase in LV cavity size. 
‘Thus, although mitral regurgitation contributed to 
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FIGURE 2. M-mode scan of same patient as in Figure 1B, taken 3 days 
before surgery. Mitral valve prolapse is absent in the left atrial as well 
as left ventricular regions. 
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L. LVEDd = 4.8 cm LVEDd = 6.0 cm LVEDd = 4.4 cm 

` FIGURE 1. Serial echocardiograms from a patient with Marfan's syndrome. A, mitral valve prolapse with normal left ventricular cavity size. B, 3 

days before surgery, the left ventricular end-diastolic dimension (LVEDd) is increased and there is no evidence of mitral valve prolapse. C, 9 months 
after aortic valve replacement with composite graft, there is normalization of left ventricular cavity size with reappearance of mitral valve 

. prolapse. 


LV enlargement, AR represented the main factor lead- 
ing to volume overload and chamber dilatation in our 
patients. 


Discussion 


Our study shows an inverse relation between systolic 
MVP and the size of the left ventricle in patients with 
Marfan's syndrome. Clinical observations have long 
linked the appearance or intensification of clinical 
markers of prolapse to physiologic or pharmacologic 
interventions that caused LV cavity size reduction.?-? 
These observations were further extended by studies 
in the catheterization or echocardiographic laboratory 
in which changes in the magnitude of MVP after tran- 
sient changes, in LV filling and emptying could be 
documented directly.5-911-13 From these studies, the 
concept that MVP results from a mismatch between the 
size of the valve and the size of the ventricle originated.’ 
However, evidence of changes in MVP status in a more 
than transient situation has been reported only during 
pregnancy" or after surgical correction of atrial septal 
defects.!5 In the first situation, the disappearance of 
auscultatory signs of MVP during pregnancy in 3 pa- 
tients was attributed to an increase in LV end-diastolic 
volume associated with this condition. In patients with 
atrial septal defects, MVP has been attributed to 
changes in LV shape, and its disappearance after sur- 
gery to correction of such shape abnormalities. Our 
study presents evidence of an inverse relation between 
МУР and LV cavity size in patients with Marfan’s 
syndrome. Autopsy findings have associated MVP with 
myxomatous degeneration of the mitral apparatus, re- 
dundant valve leaflets and elongated chordae tendineae 
in this connective tissue disorder. 16 Although our results 
do not prove a cause-and-effect relation between LV 
cavity size and MVP, it is tempting to hypothesize that 





- as P ihe left ventricle dilates. owing to velim REG 
from a regurgitant aortic valve, an abnormally large 
mitral valve or abnormally long chordae tendineae be- 
come adequate in size, prolapse progressively lessens, 
and is eventually corrected. Conversely, with aortic 
valve replacement, volume overload is eliminated. In 
4 of our 6 patients, the LV cavity size was reduced, and 
in all 4 patients (and only in these), MVP developed 
after surgery, suggesting that the relation between the 
size of the ventricle and that of the valve was again 
disrupted. In 1 of our patients (Fig. 1), this entire se- 
quence of events is documented. 

In our study group of patients with Marfan's syn- 
drome, LV enlargement was strongly related to AR. 
These results are consistent with previous data showing 
that aortic dilatation and its complications are the most 
common cause of cardiac complications in adult pa- 
tients with Marfan's syndrome.!’ The prevalence of 
significant mitral regurgitation was 4 times lower (9.6% 
versus 43.4%) than the prevalence of AR, and its isolated 
role in causing LV dilatation was limited. 

The presence or absence of MVP was not related 
significantly to propranolol therapy, heart rate or mean 
arterial blood pressure. Systolic blood pressure was an 
average of 696 higher in patients without MVP than in 
those with it, regardless of LV cavity size (Table II). 
However, the difference in systolic blood pressure is the 
opposite of what would be predicted if systolic blood 
pressure had been an independent determinant of the 
presence of MVP. Although the overall prevalence of 
MVP in our patients (55.496) is less than that reported 
in other studies,10.15.1? our study group was biased by 
patients with AR and, hence, LV enlargement. The 
prevalence of MVP in our patients who had normal LV 
dimensions (40 of 51 or 7896) is consonant with that in 
other studies. 
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‘Case-Control Analysis of Risk Factors for Presence of Aortic 
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i Stenosis in Adults (Age 50 Years or Older) 
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he CRAIG WALKER, MD, and LEE GOLDMAN, MD 

E: 

E. 


Вы 
. To analyze whether atherosclerotic risk factors, 
_ including systemic hypertension, an elevated serum 
~ cholesterol level, smoking and diabetes, were as- 
. sociated with the presence of aortic stenosis (AS) 
_ in adults, 105 adults who had AS without coronary 
artery disease (CAD) were compared with 110 
. control subjects who had other types of valvular 
disease, 170 control subjects who underwent 
М Catheterization and had neither valvular disease nor 
САР, and 269 matched control subjects who un- 
. derwent general surgery. When using each control 
- group separately or in combination, no risk factor 
showed consistent evidence of a significant asso- 
E 
4 
` Since aortic valve calcification has some microscopic 
similarities to atherosclerotic plaque,-? we hypothesized 
that atherosclerotic risk factors, including systemic 
hypertension, cigarette smoking, hypercholesterolemia, 
and diabetes mellitus, are correlated with the presence 
of aortic stenosis (AS) in adults. After our study was 
already in progress, Deutscher et al? reported that 
adults older than 50 years with AS were significantly 
more likely to have a serum cholesterol level of 300 
mg/dl or higher (odds ratio = 2.75) and to have diabetes 
‘mellitus (odds ratio = 2.6) when they were compared 
with a control group without AS. However, over 50% of 
their patients older than 50 years with AS had con- 
.comitant coronary artery disease (CAD), which may 
‘partially explain why their patients with AS had a 31% 
prevalence of diabetes and 27% prevalence of cholesterol 
levels of 300 mg/dl or higher. In our study, the principal 
analysis excluded patients with CAD from both the case 
and control groups because of the known high correla- 
tion between atherosclerotic risk factors and CAD, but 
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ciation with the development of AS. If the true 
magnitudes of these associations are of the order 
previously reported for the development of CAD, the 
power of our study for detecting statistical signifi- 
cance ranges from 56 to 99%. In a supplemental 
analysis, 45 cases with both AS and CAD did not 
have a higher prevalence of risk factors than cases 
without CAD. Although a weak association between 
atherosclerotic risk factors and AS cannot be ex- 
cluded, any such association is unlikely to be as 
strong as for predicting CAD. 


(Am J Cardiol 1985;55:744-747) 


a supplemental analysis also considered cases with 
concomitant AS and CAD. 


Methods 


Without knowledge of patients’ atherosclerotic risk factors, 
our hospital’s cardiac catheterization files between 1977 and 
1982 were reviewed to find all patients with AS without CAD 
who were age 50 years or older. AS was defined as the presence 
of any pressure gradient across the aortic valve at catheter- 
ization, regardless of whether surgery was required, or as AS 
confirmed at surgery. CAD was defined as the presence of a 
50% or greater diameter reduction of at least 1 coronary artery. 
In a few cases where only the left coronary artery was studied, 
if that artery did not have at least a 50% stenosis, the patient 
was considered free of CAD. Because we wished to exclude 
patients with rheumatic aortic valve disease, which rarely 
causes isolated AS,*? we excluded patients with echocardio- 
graphic? or surgical evidence of probable rheumatic mitral valve 
disease, but we did not exclude patients solely because of a 
clinical history of rheumatic fever. For all cases of AS, either 
from the operative note or from echocardiography, we tried 
to determine whether the valve was bicuspid or tricuspid. 

Three control groups were used. Control group I consisted 
of consecutive patients who had systolic murmurs, underwent 
catheterizations during the same time period as the cases and 
did not have CAD or any gradient across their aortic valves 
at catheterization, but had other types of valvular heart dis- 
ease. Control group II consisted of patients who underwent 
catheterization during the same period, usually because of 
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chest pain, and had neither valvular heart disease nor CAD. — — 
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E Ver ` TABLE B | ` Distribution of Risk Factors Among Patients. with Aortic Stenosis: and Control C 
ri Subjects 
Control Groups 
Cases | II Hi 
Risk Factor (n = 105) (n — 110) (n = 170) (n = 269) 
Systemic hypertension 43 (4196) 31 (28%) 89 (5396) 91 (3476) 
Diabetes mellitus 8 (896) 13 (1296) 24 (996) 30 (1196) 
Cigarette smoking 51 (49%) 43 (3996) 78 (4696) 101 (3896) 
Cholesterol (mg/dl) 
« 190 28 (2696) 45 (4196) 36 (2196) 65 (2496) 
190-239 44 (4296) 36 (3396) 73 (4396) 93 (3596) 
2240 27 (2696) 21 (1996) 51 (3096) 68 (2596) 
Missing 6 (696) 8 (7 96) 10 (696) 43 (1696) 





Control group III consisted of patients undergoing a surgical 
procedure that had no known relation to the atherosclerotic 
risk factors; control subjects in this group were matched to 
each case by age within 1 year, sex, and by having their surgery 
during the same calendar year as when the matched case un- 
derwent catheterization. For example, patients undergoing 
peripheral vascular surgery or a pneumonectomy for sus- 
pected lung carcinoma were excluded, as were those with a 
clinical history of angina or myocardial infarction, with an 
electrocardiogram suggesting prior myocardial infarction or 
with clinical suspicion of AS. The types of operations included: 
urologic (2496), orthopedic (22%), hernia (1696), gall bladder 
(12%), breast (796), colon (5%) and other (14%). For 2 cases, 
no satisfactory group III control patients could be located; for 
others, up to the first 5 control subjects, starting from the 
beginning of the calendar year, were selected without 
knowledge of their risk factor status. 

The presence or absence of a history of diabetes mellitus, 
systemic hypertension, or cigarette smoking (at least 10 
pack-years) was determined from historical information ab- 
stracted from the hospital chart at the time of admission. The 
history was obtained before catheterization by a medical 
physician for cases and for control groups I and II, and by a 
surgical house officer and anesthesiologist for control group 
III. If the history of a factor was not mentioned in the record 
at the time of admission, it was classified as not present. The 
admitting preprocedure serum cholesterol level, whether or 
not the patient was fasting, was recorded, and the value was 
considered missing if not obtained at that time. 

Finally, using the same methods, data were gathered on a 
supplemental group of 45 males who had AS and concomitant 
CAD, as identified from a review of the catheterization files 
that started in 1984 and worked backward to 1981. 

Statistical methods: Logistic regression analyses’ were 
used to measure the effect of each factor on the risk of AS, 
after controlling for potential confounding by age and sex, and 
then after controlling for the other risk factors. For matched 
data, we used a conditional logistic regression analysis that 
considered each individual set of a case and its matched con- 
trols as the unit of analysis.’ Our power to detect reasonable 
values of the rate ratio was calculated using the formula of 
Schesselman with a 2-sided a = 0.05.5 These calculations were 
based on the comparison of the crude prevalences of a risk 
factor among cases and control subjects and did not take into 
account the effect of controlling for age and sex or the effect 
of matching. 


Results 


We identified 105 patients who were age 50 years or 
older and who had had presumed nonrheumatic AS 
` Without CAD. Mean age was 66 years, and 59% were 


i; p до. 41 (39%) were ше. to have а bicuspid valve at- 


1, 25 (24%) ` геге jndged, api 
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nitely to have a tricuspid valve, and 39 (37%) had visi гез ч 
that were so deformed that the number of cusps вө nk 
not be counted or no comment about anatomy v 
available. 4 Ж 
Control group I consisted of 110 patients who Res 
valvular disease other than AS and who had no CAE ). 
Their mean age was 62 years, and 40% were men. Con- 
trol group II consisted of 170 patients who at catheter ii 8 
ization had neither valvular disease nor CAD. Their | 
mean age was 59 years, and 34% were men. Among the e 
269 patients in control group III, the mean age was 6 6 
years, and 56% were men. ор m | 
The distribution of the four atherosclerotic risk fac- AC- 
tors among cases and controls is shown in Table I. There | 
was no difference in the distribution of risk factors 
among cases of AS with bicuspid valves, tricuspid valves 
and indeterminate valves. 
After controlling for age and sex, when patients: with | 
AS were compared with control group I (Table II), there 
was a significantly increased risk of AS among patiente 
with a history of hypertension or with elevated serum 
cholesterol levels. For a history of smoking, the rest its 
did not quite reach statistical significance. Both I y^ p 
pertension and cholesterol level remained associated - 
with AS when the effect of each factor was estimated | 
after controlling for the other risk factors. x: 
Different results were noted when cases were com- P 
pared to control group П. In all instances, the estimates _ 
of effect were less than those obtained with contr ol 
group I. No factor was significantly associated with A 
and the analysis suggested a protective effect for a hia €. 
tory of hypertension and for diabetes. Again, all resul s 
were similar in an analysis that controlled for age, 
sex and the possible confounding by the other risk c 
factors. ^ 
For control group III, neither a history of hyperten- - Y 
sion nor an elevated cholesterol level demonstrated a 23 
significant association with AS, whereas a history. of "E 
smoking had a borderline effect. Again, the estimates | 
remained similar when the effect of each factor wa: i 
estimated after controlling for each other factor. _ ae 
When the control groups were combined, no ris sk 
factor showed an association with AS that met the usu чал 
criteria for statistical significance. Cigarette smoking e 
showed the strongest association (risk ratio = 1.5), but — 
this effect was only marginally significant (p = 0. 06). 
Тһе s size pes an Sx apt power for detect go | 
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ое Зах Control Group rx. 
B Factor l [ 1 Pooled! 
б 
Sd , Systemic 2.0 0.6 1.4 1.2 
ae hypertension * (1.1, 3.7) (0.3, 1.1) (0.8, 2.2) (0.8, 1.8) 
is Diabetes mellitus * 0.7 0.4 0.6 0.5 
(0.3, 1.8) (0.1, 1.0) (0.2, 1.4) (0.3, 1.2) 
Cigarette smoking* 1.6 1.3 1.5 1.5 
"wer. (0.9, 3.0) (0.7, 2.5) (1.0, 2.5) (1.0, 2.3) 
olestero 
190-239 mg/dl 2.7 1.9 1.2 1.3 
(1.3, 5.5) (0.7, 3.1) (0.6, 2.1) (0.8, 2.2) 
2240 mg/dl 4.1 1.9 1.2 1.3 
(1.7, 9.8) (0.8, 4.6) (0.6, 2.5) (0.7, 2.4) 


* Control groups І, Il and Ill. 





















_ previously reported for AS? or САр,910 but the study 
size was not large enough to exclude a weak relationship 
(Table III). 

. Supplemental case analysis: To determine whether 
xclusion of AS patients with concomitant CAD caused 
in artificial reduction in risk factors in the case group, 
we compared the original 105 cases to a supplemental 
- group of 45 male cases, mean age 70 years, who had both 
AS and CAD. In this supplemental case group, the 
prevalences of risk factors were: hypertension, 2296; 
diabetes, 11%; smoking, 56%; and cholesterol >240 
mg/dl, 26%. For the latter 3 risk factors, the prevalences 
_ were remarkably similar in both the original and sup- 
plemental case groups, while the prevalence of hyper- 
tension was nearly twice as high in the original case 
group (43 of 105 [41%] vs 10 of 45 [22%], p <0.05). Thus, 


v 
№ 


it is unlikely that the exclusion of cases with CAD biased 


th e results so as to obscure significant associations be- 
tween risk factors and AS. 
E GR iN 
| v $ | е ° . . . . 
__ Methodologic considerations: Various guidelines 


have been presented to assist in the selection of appro- 
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Discussion 


NE 
Power* for Detecting Rate Ratios of the 
Magnitude Previously Observed for Developing 
Coronary Artery Disease and for the Presence 
of Aortic Stenosis (Sources in Parentheses) 


Mu n. i, 
ME. A^. 
P A 
TABLE Ill 
b k^. r2 . 
EL. 


Published Rate Ratio 


Factor 


* Compared to patients without the risk factor. 
t Compared to patients with serum cholesterol levels below 190 mg/dl. 


priate control groups for case-control research.75.11-13 
First, a control group should contain patients who would 
have been included in the case series had they developed 
the disease. Our control groups I and II underwent the 
same diagnostic procedures as the cases. Although pa- 
tients in control group III did not undergo catheter- 
ization, they probably would have the same tests to 
exclude AS if they had had symptoms. 

Second, the risk factors of interest should not influ- 
ence the likelihood that patients will undergo the tests 
that are necessary to establish or exclude them as cases 
or control subjects.!?? Because control group II was 
composed largely of patients with chest pain and normal 
coronary arteries, the decision to perform catheteriza- 
tion in these patients possibly was influenced by their 
risk factors, thus perhaps explaining the suggestion of 
a protective effect (risk ratio <1.0) found for 2 potential 
risk factors. A high prevalence of atherosclerotic risk 
factors among patients who were suspected of having 
CAD but who had normal coronary arteries at cathe- 
terization was also described by Shea et al.!4 

Third, exposure information should be ascertained 
equally in both cases and control patients.!1-13 Exposure 
information for control groups I and II was obtained in 
the same manner and in the same context as obtained 
for cases, but clinically nonessential exposure infor- 
mation probably was not recorded as rigorously in the 
hospital charts for control group III patients, who un- 
derwent noncardiac surgery. Any resulting underas- 
certainment in control group III would be expected to 
overestimate the magnitude of effect of the various risk 
factors. Conversely, if some subjects in control group III 


n CAD AS Power had asymptomatic CAD, these control subjects may 
Systemic hypertension 1.891 0.79 have a higher prevalence of risk factors than would be 
Diabetes mellitus 1.810 aa d found if, analogous to the cases, angiography proved 
Ubidaretto smoking 2.591 0.99 that they did not have CAD, thereby potentially un- 
i С О!езїего! 2.095 e" 0.88 derestimating the magnitude of the effect of the various 
p. 2.79 0.78 risk factors. 


__ * For crude analysis involving all cases and all controls (with a = 
0.05, 2-sided). 

... Î Comparing diastolic blood pressure >95 mm Hg to diastolic blood 
pressure «95 mm Hg. | 

.. .* Comparing > 1 pack/day smokers to nonsmokers. 

_ 3 Comparing cholesterol > 240 mg/dl to cholesterol «240 mg/dl. 
^ ! Comparing choleterol 2 300 mg/dl to cholesterol <300 mg/dl. 
В, А S = aortic stenosis; CAD = coronary artery disease. - | 
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levels. Stress can increase! and poor oral intake can 


` often is evaluated acutely when symptomatic, is asso- 
ciated with less inanition that occasionally accompanies 
other types of severe valvular heart disease.'’ If the 
relation of cholesterol with AS is as large as previously 
reported for AS? or CAD? then the power of our study 
to detect a statistically significant effect was high (78% 
and 88%, respectively). Day and Roberts!? also found 
no correlation between the serum cholesterol level and 
the amount of calcification in operatively excised 
stenotic mitral valves. 

Hypertension has been associated with an increased 
risk of calcification of the mitral valve anulus in men, 
but not in women.!? Hypertension had a significant risk 
ratio (2.0) in our analysis based on control group I, but 
other chronic valvular disease may reduce the preva- 
lence of hypertension. Using the pooled experience of 
all 3 control groups, no significant relation was found, 
despite a power of 8096 for finding an association similar 
to that reported for CAD.? 

For cigarette smoking, the pooled experience of the 
3 control groups showed a small (risk ratio 1.5), bor- 
derline significant effect. In contrast, the reported as- 
sociation of smoking with CAD is much higher (risk 
ratio 2.5).? Our study had a power of 99% for detect- 
ing statistical significance if the risk ratio for AS is 
also 2.5. 

Although Deutscher et al? reported risk ratio of 2.6 
for the association between diabetes mellitus and AS, 
we found no correlation despite a power of 94% for de- 
tecting significance if the effect was truly of this mag- 
nitude. For the risk ratio of 1.8 reported for САР! our 
study still possessed a power of 56%. 

In the study by Deutscher et al? at a Veterans Ad- 
ministration Hospital, in which subjects with CAD were 
not excluded either from the case group or the control 
group, the risk ratios for hypercholesterolemia and di- 
abetes mellitus were reported to be about 2.8 and 2.6, 
respectively, principally because 27% of cases had 
cholesterol levels of 300 mg/dl or higher and 31% had 
diabetes, defined as a fasting glucose level of 140 mg/dl 
or higher or 2 random serum glucose levels of 220 mg/dl 
or higher. Using the same definitions, the prevalences 
were 5% and 896, respectively, in our principal case group 
of 105 AS patients without CAD, and were 4% and 18%, 
respectively, in the supplemental case group of 45 males 
with AS and concomitant CAD. A cholesterol level of 

300 mg/dl or greater was present in 5% of our control 
subjects and 12% of the control subjects of Deutscher 
et al? whereas diabetes was present in 15% of their 
control subjects? and 12% of our control subjects. Thus, 
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emia and diabetes with AS by Deutscher et al? > 
result of the very high prevalence of these 2 fac 
among their 45 cases with AS, prevalences that we 
not find in either our principal or supplemental : 
groups. It is unclear why such differences should exis 
in the case groups, but we have no reason to believe tk 
our 150 subjects with AS were chosen with any bias 
that would artificially lower their prevalences of hy- _ 
percholesterolemia or diabetes. B 

Although we cannot exclude a weak association: Je- 
tween atherosclerotic risk factors and AS,?° we found 


no evidence to indicate that any such association is as. 
high as reported for CAD9/? or as recently repo d for 
AS,3 despite a reasonably high power for doing so. 
However, because of the potential for bias, particularly. 
in the ascertainment of risk factor information, one - 
should be cautious in extrapolating from the results of . 
this or any single case-control study. и. 
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_ Coronary sinus blood flow (ml/100 g left ventricular 
_ [LV| mass/min) and coronary resistance (mean 
- aortic minus LV mean diastolic pressures/coronary 
_ sinus blood flow, mm Hg/[ml/100 g/min]) were 
3 Studied in 7 control patients and in 11 patients with 
. severe dilated cardiomyopathy (DC) and normal 
. coronary arteriograms. Basal coronary sinus blood 
_ flow was not different in the 2 groups. After intra- 
_ venous administration of dipyridamole (0.14 mg/ 
. kg/min X 4 min), coronary sinus blood flow and di- 
_ pyridamole/basal coronary sinus blood flow ratio 
_ were significantly (p 0.001) lower in the DC group 
_ than in the normal group (coronary sinus blood flow 
_ 188 + 48 vs 408 + 58, respectively; blood flow ratio 


q^ 
A, 


. Reduction in the capacity of the myocardial flow to in- 
` crease during atrial pacing or after dipyridamole infu- 
‘sion has been found in patients with hypertrophic and 
- dilated cardiomyopathy (DC)!-3 and in those with other 
_ @іѕеаѕе5*-7 with normal coronary arteriograms, such as 
syndrome X,? systemic arterial hypertension? or left 
ventricular (LV) hypertrophy resulting from aortic 
_ valve disease.!? In patients with severe DC, this reduc- 
_ tion in coronary flow reserve!! may be linked to some 
` degree of permanent subendocardial underperfusion, 
ар imbalance that may cause further deterioration in 
LY function and thereby initiate a vicious cycle.!213 The 
limited capacity of the myocardial flow to increase may 
result either from an intrinsic coronary microvascular 
disease or from an extrinsic compression of the coronary 
distal bed by the myocardium. A microvascular spasm, 
evidenced in the hypertrophic cardiomyopathy of the 
Syrian hamster, has been postulated as a common de- 
nominator in different cardiomyopathic syndromes.14 
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. Multifactorial Determinants of Reduced Coronary Flow 
Reserve After Dipyridamole in Dilated Cardiomyopathy 


ALAIN NITENBERG, MD, JEAN-MARC FOULT, MD, FRANCOISE BLANCHET, MD, 
and SAMIR ZOUIOUECHE, MD 


1.78 + 0.35 vs 4.01 + 0.56, respectively), and the 
coronary resistance was higher in the DC group than 
in the control group (0.39 + 0.15 vs 0.22 + 0.03, 
respectively, p <0.01). After administration of di- 
pyridamole in patients with DC, no correlation could 
be found between coronary sinus blood flow and LV 
mean diastolic, mean aortic or coronary driving 
pressures, i.e., mean aortic minus LV mean diastolic 
pressures. Thus, in DC patients, neither an elevated 
LV diastolic pressure nor a low coronary perfusion 
pressure can totally account for the restriction of the 
coronary flow reserve after dipyridamole. 


(Am J Cardiol 1985;55:748-754) 


However, most human studies have suggested that an 
elevated LV diastolic pressure—a common finding in 
severe DC—was responsible, through extravascular 
compression of the coronary vascular bed, for part of the 
observed restriction in the ability of coronary flow to 
increase normally.29:? The present study of patients 
with severe DC and normal coronary arteriograms 
evaluates the maximal coronary vasodilator capacity of 
the LV myocardial circulation after intravenous dipy- 
ridamole, taking into account the alterations of aortic 
апа LV diastolic pressures in the limitation of the cor- 
onary flow increase. 


Methods 


Patients: Seven patients without chest pain who took no 
drugs and submitted to cardiac catheterization served as 
control patients (group 1). This group consisted of 6 women 
and 1 man, aged 46 + 11 years (mean + standard deviation). 
Four patients had mild mitral stenosis with normal cardiac 
output and pulmonary wedge pressures <15 mm Hg. One 
patient had pulmonary stenosis with a right ventricular sys- 
tolic pressure of 45 mm Hg. One patient had a small LV septal 
defect and 1 had a patent foramen ovale. The 2 latter patients 
did not have any detectable left-to-right shunt on oxymetry. 
АП had normal LV function (Tables I and II) and normal 
coronary arteriograms. Eleven patients, investigated for 
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` cardiac transplantation, had severe DC documented on 
_ echocardiography and from previous episodes of congestive 
` heart failure. All these patients were in sinus rhythm, had 
angiographically normal coronary arteries, and no cause could 
be found for their LV dysfunction. They constituted group 2. 

Catheterization procedure: Cardiac catheterization was 
performed after the patients gave an informed consent; all 
cardiac drugs were discontinued 48 hours before the study in 
group 2 and all the patients were in the fasting state for at least 
12 hours before the procedure. No premedication was ad- 
` ministered. 

Using 1% lidocaine as a local anesthesia, a 7Fr high-fidelity, 
double-tipped micromanometer catheter (PC-770, Millar 
Instruments) was placed into the left ventricle through a 
femoral artery and positioned in order to record simulta- 
neously LV and aortic pressures. А 7Fr sheath was placed into 
the other femoral artery for left ventriculography and coro- 
nary arteriography. A 7Fr Swan-Ganz thermodilution catheter 
(Edwards Laboratories) was placed into the pulmonary artery 
through a femoral vein for cardiac output determinations 
(Cardiac output computer 9520 A, Edwards Laboratories). 
А 7Fr coronary sinus thermodilution catheter (Wilton Web- 
ster Laboratories) was inserted into the left subclavian vein 
and positioned into the coronary sinus for coronary sinus 
blood flow measurements; the position of the catheter was 
controlled by fluoroscopy before coronary sinus blood flow was 
measured in order to place the proximal thermistor in front 
of the posterior interventricular vein entering the coronary 
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|. TABLE! Clinical and Angiogra Data During the Basal State Ju M 
Sul | Age (yr) LVM ЕУ Е cES/LVESV Er 
Pt & Sex (g/m?) (ml/m?) (96) (g/cm?/ml) a 
Control Group (Group 1) TAE 
1 31F 50 52 66 5.59 wu 
2 63F 77 68 67 5.46 KC 
3 49F 66 97 57 5.54 p 
4 45M 63 88 57 3.44 а 
5 45Е 52 62 63 5.07 LÁ 
6 54F 57 74 57 4.81 E. 
7 32F 65 90 57 3.67 E 
Mean 46 61 76 61 4.80 . nm 
+SD 11 9 16 5 0.90 ر‎ 
Dilated Cardiomyopathy (Group 2) A $ 
1 62F 102 172 26 2.17 Жн 
2 56М 109 92 44 2.38 e 
3 51F 107 109 46 2.94 EL. 
4 38M 95 142 36 1.73 уез, 
5 45М 106 227 19 1.42 He 
6 40M 134 209 16 0.95 ne 
7 57М 113 193 24 1.69 Mu 
8 42M 105 228 14 0.84 XS 
9 48M 85 125 27 1.97 oU EN 
10 51M 83 144 39 2.10 СЗХ 
11 54M 109 173 22 1.22 ES 
Mean 49 104 165 28 1.76 "n 
+SD 8 14 47 11 0.63 B. 
p value for group 1 NS «0.001 «0.001 «0.001 «0.001 e. 
vs group 2 Bo 
EDV = end-diastolic volume; EF = ejection fraction; cES/LVESV = end-systolic stress/end-systolic me 
volume ratio; LVM = left ventricular mass; NS = not significant; SD = standard deviation. us 
X v- 


kg/min of dipyridamole over 4 minutes.!.!? To induce a cor- | 
onary hyperemic reaction, an 8-ml contrast medium infusion . 
into the left coronary artery®!8 was achieved during the basal 
condition and after administration of dipyridamole, whi le |. 
coronary sinus blood flow was continuously recorded. The _ 
electrocardiogram was continuously recorded during the t 
study. NS 
Data analysis and calculations: Cardiac output and - 
cardiac index (cardiac output/body surface area) were de- 
termined by the thermodilution method, апа coronary sinus _ 
blood flow by the continuous thermodilution method!? (1 п al/s L 
saline solution infusion). Heart rate, LV end-diastolic, and _ 
systolic pressures, mean aortic and mean right atrial pressures, _ 
and systemic vascular resistances were calculated by a cath- * 
eterization data analysis computer system (Hewlett-Pac card — 
5600 M) that performed on-line analysis on 9 beats for aver- | 
aging out respiratory variations. LV end-diastolic and end- ~ 
systolic volumes as well as ejection fraction were calculated — 
from the monoplane angiogram (100 frames/s) in a 30° — 
right anterior oblique projection using the area-length _ 
method.2° LV mass was calculated according to the equation | 
of Trenouth et al,2! which was also used to calculate the 73 | 
equatorial end-systolic wall thickness. Average LV end-sys- _ 
tolic equatorial wall stress was calculated according to the fac 
equacion of Falsetti et al,?? using the LV pressure corre Y 
sponding to the LV end-systolic volume (the LV pressure and E, 
a frame marker were recorded during angiography). Finally, · * 
the end-systolic wall stress/end-systolic volume ratio was 
calculated. CORR 


Coronary sinus blood flow was assumed to be representa e 


-stolic pressure curve on 3 cycles. The coronary resistanc 
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the LV myocardial flow (mm Hg/[ml/100 g/min]) was calcu- 
lated as: [(mean aortic pressure minus LV mean diastolic 
pressure ) (mm Hg)/coronary sinus blood flow (ml/100 g/ 
min)]. Oxygen content of blood samples was determined by 
the galvanic cell method (Lex О» Con К, Waltham Instru- 
ments) and oxygen pressure was determined with a Clark PO» 
electrode (polarizing voltage between anode and cathode, ABL 
30, Radiometer). Oxygen saturation was measured by a 
spectrophotometric method at 600 nm (OSM2, Radiometer). 
Myocardial oxygen consumption (ml/100 g/min) was calcu- 
lated as arterial minus coronary sinus blood oxygen content 
difference (711/100 ml) times coronary sinus blood flow. Ar- 
terial plasma lactate concentration and coronary sinus plasma 
lactate concentration were measured by an enzymatic method 
(Boehringer Mannheim Laboratories). Lactate extraction 
(percent) was calculated as arterial lactate minus coronary 
sinus lactate concentration/arterial lactate concentration. 

Statistical methods: Mean values and standard deviation 
were calculated for each parameter. Comparison between 
normal and DC data were examined using unpaired t test. 
Comparison between control and dipyridamole data in each 
group were examined using paired t test. Significance was at 
the p «0.05 level. 


Results 


Angiographic data (Table I): Coronary arteries and 
their subbranches were free of lesions in the 2 groups. 
LV function was severely altered in group 2 where LV 
end-diastolic volume and mass were significantly higher, 
and ejection fraction and end-systolic stress/end-sys- 
tolic volume ratio were significantly lower compared 
with group 1 data. 

Hemodynamic data (Table П): Mean right atrial 
pressure values at rest were lower than 12 mm Hg in all 
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subjects. In patients with DC, tachycardia more than - 
100 beats/min was present in 5, cardiac index was re- — - 
duced in 8 of 11, mean aortic pressure was less than 80 — — 
mm Hg in 3, and LV end-diastolic and mean diastolic — 


pressures were elevated in all but 2 patients. Then, av- 


erage systemic vascular resistances were significantly 


higher in group 2. Dipyridamole resulted in an elevation 
of cardiac index in the control as well as in the DC group, 
and a decrease in mean aortic pressure and systemic 


vascular resistances. LV end-diastolic and mean dia- — . 


stolic pressures, and mean right atrial pressure were not 


significantly altered. Average heart rate was increased 
in the control group but did not vary significantly in the _ 


DC group after administration of dipyridamole. 
Coronary hemodynamics: Basal coronary sinus 


blood flow was comparable in the 2 groups,2?27-79 but — 


the level of coronary resistance was significantly lower 
in the DC group (Table III). Dipyridamole-induced 
vasodilation resulted in a significantly smaller increase 
of coronary sinus blood flow in group 2 and a higher 
value of the coronary resistance (Fig. 1). The dipy- 
ridamole/basal coronary sinus blood flow ratio was 
significantly lower in the DC group than in the control 
group (1.78 + 0.35 vs 4.01 + 0.56 respectively, p «0.001). 


In the DC group, coronary resistance values were at- 


tained in the control group range in 2 patients after di- 
pyridamole (0.22 + 0.03 mm Hg/[ml/100 g/min]), 
whereas values remained above the control group range 


in 9 patients (Table III, Fig. 1). In both groups, the se- _ 


lective injection of 8 ml of contrast medium into the left 
coronary artery induced a hyperemic reaction during 
the basal state but failed to increase the coronary sinus 
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FIGURE 1. Alterations of coronary sinus blood flow (ml/100 g/min) (left) and coronary resistance mm Hg/(ml/ 100 g/min) (right), induced by dipyridamole — . 
in the control group and in the dilated cardiomyopathy group. NS — not significant. | 
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[dei pipi was given, tére was no мй e сог- 
` relation between the coronary sinus blood flow and the 
LV mean diastolic, mean aortic or coronary driving 
pressures, i.e., mean aortic pressure minus LV mean 
diastolic pressure difference (Fig. 2). 

Myocardial metabolism (Table III): During the 
basal state, arterial minus coronary sinus blood oxygen 
content difference, myocardial oxygen consumption, 
coronary sinus blood oxygen content and coronary sinus 
blood oxygen pressure were not significantly different 
in the 2 groups, but coronary sinus blood oxygen content 
values were scattered in the DC group (Fig. 3). After 
dipyridamole was given, the arterial minus coronary 
sinus blood oxygen content difference in the DC group 
(greater than in the control group) was due to a lower 
coronary sinus blood oxygen pressure (i.e., coronary 
sinus blood oxygen content [Fig. 3]). In the DC group, 
6 patients had chest pain and 3 had ST depression after 
dipyridamole (Table III). Although lactate extraction 
was significantly reduced in the DC group after dipy- 
ridamole, in contrast to the control group, there was no 
correlation between the lactate extraction decrease and 
clinical or electrical signs of myocardial ischemia. The 
only group 2 patient in whom a lactate release was seen 
did not have chest pain or ST depression (patient 2). . 
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` FIGURE 2. Correlations between coronary sinus blood flow and left 
` ventricular mean diastolic pressure (LVMDP), mean aortic pressure 
ys (МАР) and an estimate of the coronary driving pressure (MAP minus 
. LVMDP difference) in patients with dilated cardiomyopathy after ad- 
но, gi Алу 






NUES 


to intravenous наа in patients with severe DC 
(Fig. 2). The reduction in capacity of myocardial flow 
to increase after dipyridamole has been demonstrated _ 
in various types of cardiomyopathies!-? and other dis e 
еаѕеѕ4-8 with normal coronary arteriograms. The г 
stricted hyperemic response to dipyridamole in pati tieni 
with severe DC may be potentially due to: low cot on ж yo 
driving pressure,? restricted vasodilator cape aci- К 
{у,®®10,30,31 reduction of the diastole duration f C 
sistance to dipyridamole vasodilation.!417,33 
Limitation of hyperemic response due to the 
driving pressure: If an elevation of the LV nani 
stolic pressure contributes to the limitation of coronary 
flow increase after dipyridamole infusion in DC, | on 
may speculate that some degree of proportionality ~ 
should be found between these 2 variables. The mc 0 “ 
elevated the LV mean diastolic pressure, the more гє - | 
duced the coronary flow reserve. When such a cc m- 
parison was made in the DC group, no correlation co jule 
be seen. In addition, coronary sinus blood flow ai 
dipyridamole could be linked neither to mean а orti 
pressure nor to an estimate of the coronary driv ving 
pressure (i.e, mean aortic pressure minus LV mean а x 
astolic pressure difference). In the DC group, 2 pati e i 
had values of the coronary resistance within the noi 13 
range after dipyridamole. In the other 9 ранети 
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FIGURE 3. Alterations of the coronary sinus blood oxygen content 


(ml/100 ml) induced by dipyridamole in the control group же n the 
оме with dilated E к = is арте. 
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| coronary resistance iG ERE than in the control 


subjects after dipyridamole. Because both mean aortic 
and LV mean diastolic pressures were taken into ac- 
count in the calculation of the coronary resistance, some 
other factor may account for the limitation of coronary 
flow reserve in patients with DC. 

Left ventricular mass increase and coronary 
reserve restriction: The elevated LV mass observed 


in DC may not have been paralleled by an appropriate 


growth of coronary microcirculation; this would result 


in an increased minimal coronary resistance per unit 


м 


mass after vasodilation correlated with the increase in 
LV mass.®®:!° Such a relation was not found in this 
study after dipyridamole was given; moreover, 2 group 
2 patients had coronary resistance per unit of mass 
within the normal range despite an elevated LV 
mass. 

Reduced coronary diastolic perfusion time??: 


_ Although the role of heart rate (i.e., duration of systole 
` and diastole) was not specifically analyzed in this study, 


it does not appear that an increased heart rate could 
totally explain the elevated coronary resistance after 
dipyridamole was given, because among the 9 group 2 


~ patients with higher than normal values of the coronary 


resistance, values in 3 were <90 beats/min. On the other 
hand, 2 control subjects with a dipyridamole heart 
rate near 130 beats/min had low values of coronary 
resistance. 

Limited dipyridamole vasodilation: The low degree 
of coronary blood flow reached after dipyridamole 
infusion in group 2, raises the point that dipyrida- 
mole-induced vasodilation!^?? could have been non- 
maximal. However, a maximal coronary vasodilation 
was probably attained in the control group as well as in 
the DC group, since a superimposed vasodilator stim- 
ulus (i.e., 8 ml of contrast medium infusion into the left 
coronary artery$:1? did not further increase the coronary 
sinus blood flow. Then, one may conclude that the ob- 
served limitation of coronary sinus blood flow increase 
in group 2 could not be the result of a dipyridamole- 
vasodilation resistance resulting from a microvascular 
spasm.!4 

Conclusion: The coronary reserve after intravenous 
dipyridamole is limited in patients with severe DC. It 
is suggested that in patients with DC, neither an ele- 
vated LV diastolic pressure nor a low coronary perfusion 
pressure can totally explain the inability of coronary 
sinus blood flow to reach values found in control pa- 
tients after administration of dipyridamole. Thus, 
the reduced coronary flow reserve after dipyrida- 
mole in patients with severe DC results from multiple 
determinants. 


Acknowledgment: We acknowledge the outstanding 
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T-Lymphocyte Subsets in Idiopathic Dilated Cardiomyopathy | 


JOHN E. SANDERSON, MD, DAVY KOECH, PHD, DAVID IHA, 
and HILLARY P. OJIAMBO, MD 





Idiopathic dilated cardiomyopathy (IDC) is a com- 
mon Clinical problem in Africa. To determine if there 
is a defect of immune regulation in patients with IDC, 
the percentage of total T-cells (OKT3 positive), 
helper/inducer cells (OKT4 positive) and suppres- 
sor/cytotoxic cells (OKT8 positive) were measured 
using monoclonal antibodies in 20 patients with IDC 
and in 20 age-matched normal control subjects. The 
percentage of helper/inducer cells was significantly 
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Idiopathic dilated cardiomyopathy (IDC) is relatively 
common in Africa and accounts for much morbidity and 
mortality." Recent reports suggest that the immune 
system may be involved in the pathogenesis of IDC,?? 
and there is some experimental evidence to support this 
concept.*:° 

Although viruses are not found in the hearts of pa- 
tients with IDC there is some evidence that a preceeding 
viral infection with Coxsackie is more common in these 
patients than in normal subjects. The exact nature of 
the immunologic abnormality is not clear, but recently 
defective in vitro suppressor activity has been found in 
patients with IDC. This suggests that the regulation of 
the immune system is disturbed,"^? although this 
was not confirmed in a follow-up study by Anderson 
et al.!° 

An imbalance between helper and suppressor T-cells 
has recently been demonstrated in several autoimmune 

diseases! 1? and in immunodeficiency states, in studies 

using monoclonal antibodies that react against subsets 
of T-cells.!? To determine if a similar imbalance exists 
in patients in Africa with IDC, we measured the per- 
centage of total T-cells, helper and suppressor cells 
(using Ortho monoclonal antibodies) in 20 patients with 
IDC and in 20 age-matched normal subjects. 
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higher in the IDC patients (45 + 2% mean + stan- . 
dard error) than in the normal subjects (33 + 2%) ki 
and 8 of the 20 IDC patients had a helper/suppressor . 
cell ratio (OKT4/OKT8) higher than the normal - 
range. Of the 8 patients with this abnormality, 7 were - 
studied within 3 months of the onset of their illness. — 
Results suggest that an excessive immune reaction _ 
is part of the pathogenesis of IDC in Africans. 

(Am J Cardiol 1985;55:755-758) : 


a 





Methods 


Subjects: Nine men and 11 women (mean age 34 + 13 - 
years) with IDC were studied. IDC was defined as congestive - 
heart failure occurring in any patient without any evidence | 
of severe systemic hypertension, coronary artery disease, 
valvular heart disease, rheumatic fever, excessive alcohol 
consumption, vitamin deficiency, endocrine disorder, arthritic | 
disease, skin disease, irradiation or exposure to known toxins, _ 
but with a dilated left ventricle and reduced ejection fraction 
(«0.40).1415 Care was taken to ensure that excessive alcohol _ 
intake, especially abuse of locally brewed alcohol, was not — 
involved. The diagnosis was confirmed by standard M-mode _ 
echocardiography (showing a large, poorly contracting left _ 
ventricle with no evidence of valvular disease). Cardiac- 
catheterization was performed in 19 patients and left ven- ~ 
tricular endomyocardial biopsy specimens were examined in - d 
18, using the King’s Bioptome and long sheath technique.!$ 
Coronary arteriograms were performed only in men older than . 

40 years. Twenty age-matched normal subjects with no evi- E 
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dence of heart disease (mean age 32 + 13 years) served as 
controls. They were healthy members of the hospital staff with — 
the exception of a 14-year-old boy with an uncomplicated - 
fracture of the tibia who was the control for a 13-year-old - 
patient, and similarly a 60-year-old orthopedic patient who 
was matched with a 60-year-old patient with IDC. Nine of the © 
IDC patients had postpartum cardiomyopathy (that is, dilated - 
cardiomyopathy developing within 6 months of delivery), and . : 
9 normal postpartum women of the same age and at the same 
time postpartum were used as controls because T-cell subsets _ 
change during pregnancy and immediately postpartum. We 
decided not to use patients with congestive heart failure A 
without cardiomyopathy as control subjects because coronary 
artery disease is rare in East Africa and, therefore, the only 
other group available were persons with severe rheumatic 
heart disease, and in Africa most of these patients have an _ 
active carditis, which might have confused the results. — . E 
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Meer eis 


(All T Cells) (Helper/Inducer) Cytotoxic) OKT4/OKT8 
Dilated cardiomyopathy 66 + 3 45:4+2" 28 + 2 1.8 + 0.27 
patients (п = 20) 
Age-matched normal 64 + 2 33 + 2° 34 + 2 1.0 + 0.17 
patients (п = 20) 
p ia 0.001 (t test). 
| B t p = 0.01 (Wilcoxon rank sum test). 


Кете saline and ости ata pie. of 5 X 106 
S /ml i in RPMI-1640 supplemented with 596 (v/v) heat- 
ctivated calf serum (GIBCO Bio-cult). To 200 ml of cell 
nsion was added 5 ul monoclonal antibody, Orthomune 
T3 (Ortho-Pharmaceutical): (all T-cells), OKT4 (help- 
i à cer cells) and OKTS8 (suppressor/cytotoxic cells). 
control slide (without monoclonal antibody) was used to 
le termine background staining. OKT6, which identified 


dating thymocytes, was also used but the percentage of 
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cells stained was not significantly different from the control 
slide. After the first few experiments we found that OKT4 
appeared to be a weaker antibody and 10 ul of OKT4 was used © 
in all subsequent experiments. After washing by сей 
tion 100 ul of fluorescein isothiocyanate labeled antimouse 
immunoglobulin was added. The excess fluorescent-labeled 
antibody was washed off and the cells were resuspended in 1 


to 2 drops of mounting medium. Total numbers of lympho- is 
cytes and percentage of fluorescent cells were counted under 
ultraviolet light by means of epifluorescence microscopy 


(Leitz). For each slide approximately 200 cells were counted. 


All tests were blind and carried out in duplicate by опе tech- - 


nician and all cells were counted by 1 observer. One control - 


FIGURE 1. Scattergram of individual 
values. 
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subject and 1 patient were studied together. Background 


staining was always less than 3% of cells, and the quality of 
staining using this technique was good. 


Results 


The mean values of total T-cells and the T-cell sub- 
sets are listed in Table I (mean + standard error of the 
mean [SEM]) and the individual values are shown in 
Figure 1. A significantly higher percentage of helper 
cells were found in the patients with IDC and the 
helper/suppressor ratio was elevated above the normal 
range in 8 of 20 of these patients. Seven out of the 8 
patients with high ratios were studied within 3 months 
of the onset of their illness (Fig. 2). Of these 8 patients 
with a T4/T8 ratio >1.6, 2 had postpartum cardiomy- 
opathy. The patient with the highest T4/T8 ratio (4.2) 
was a 32-year-old woman with postpartum cardio- 
myopathy who was studied 1 week after the onset of 
her illness. Unfortunately this patient was lost to fol- 
low up. 

There was no clear relation between the T-cell subsets 
results and the biopsy examination findings, and the 
latter will be reported separately. 


Discussion 


This study has shown that 8 of 20 patients with IDC 
in East Africa had high helper/suppressor T-cell ratios. 
Although alcohol abuse and untreated hypertension are 
relatively common causes for heart failure in East Af- 
rica, we took care that the patients studied had true 
IDC. The T-cell imbalance in these patients may indi- 
cate that during the early stages of their illness the 
cardiac damage is immunologically mediated. It is un- 
likely that the excess helper cells are merely reflecting 
an active myocarditis, because in most viral infections 
the helper/suppressor ratio falls as a result of increased 
numbers of suppressor/cytotoxic (OKT8 positive) 
cells.!! However, the fact that all but one of the patients 
with IDC had normal ratios after 3 months suggests that 
this immunoregulatory defect may be transient rather 
than permanent. These results are in keeping with the 
immune defects reported by others.’-? However, we 
found that the percentage of suppressor cells was not 
greatly reduced, which suggests that the reduced sup- 
pressor activity that was found in these other studies 
was a result of abnormal function rather than a lack of 
cells. Alternatively, depletion of a subset of organ-spe- 
cific suppressor T-cells may occur (these T-cells sup- 
press any helper T-lymphocytes that are induced to 
proliferate against “self” cardiac antigens), as in pa- 
tients with autoimmune thyroiditis.!? If so, a reduction 
in total numbers of suppressor cells would not be ex- 
pected. Therefore, our findings may be incorporated 
into the *viral-immune" hypothesis that has been used 
to explain the etiology of IDC.?? After viral myocarditis, 
cardiac antigen or a closely related viral antigen is re- 
leased and in a normal person a short-lived immune 
response will occur, which is switched off by organ- 
specific suppressor cells that recognize the antigen as 
*self." In certain persons these suppressor cells may be 

defective so that helper T-cells proliferate and induce 
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may persist, leading to further myocardial damage. [Ë 
the cardiac damage is sufficient to reduce the presence 
of this antigen to insignificant levels, then the ех‹ ie 
immune reaction will cease and the number of He er : 
cells will decline. This would explain why lymphocytes — 
are seen infrequently in biopsy specimen or at au- - 
topsy:!? heart failure will not develop until sufficient _ 
cardiac cells are lost and by this time, the immune ге- ; > 
action is subsiding. It is interesting to speculate whether 
the suppressor cell defect is induced by another viral | 
infection, or even stress.2%?! da Je 

Compared with other recent reports,!!:16.22,23 | AX 
normal range for helper/suppressor ratio is lower. ГЇ 
probably reflects a real difference between European no 
or American and African populations because of ће - 
higher prevalence of endemic infections—especie Шу ria 
malaria—in Africa. Acute malaria causes a mild im- - 
munosuppression,?42?^ as do viral infections.!! Using t h re | 
same method, we have found that in visceral Leish- 
maniasis (which i is known to cause immunosuppression) A 
the helper/suppressor ratio is even lower (0.6 + 0.: e 
[mean + SEM]; n = 8, Koech and Iha, unpublishec E 
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an interesting group; recently, Melvin et al?6 reported 
3 cases of inflammatory myocarditis diagnosed by en- 
- domyocardial biopsy; all 3 patients showed considerable 
_ improvement with immunosuppressive treatment. The 
condition in East Africa is different from that in 
northern Nigeria, where cardiomyopathy is not the 
iain cause and where the prognosis is excellent.?" All 
` of our patients had typical dilated cardiomyopathies. 
à However, only 3 of the 9 patients had a helper/sup- 
. pressor ratio 71.5 (although the highest ratio of 4.2 was 
ір one of these patients). Recently it was shown that the 
- percentage of helper (OK T4 positive) cells decreases 
- during pregnancy and recovers during the third to fifth 
. months postpartum;!6 4 of 9 of our normal postpartum 
. control subjects had a helper/suppressor ratio of «1.0, 
and this may explain in part the lower helper/suppres- 
- Sor ratios seen in the other 5 patients. Certain immu- 
_ nologic diseases occur more commonly after delivery, 
. such as postpartum Graves disease and thyroiditis.2° It 
appears that the fetus may pass suppressor cells or some 
X ther suppressor factor to the mother during the third 
_ trimester? and a rebound then occurs 2 to 6 months 
after delivery, which is the most common time for 
postpartum cardiomyopathy to develop. 
- Inconclusion, the percentage of helper cells is higher 
~ in patients with IDC and 8 out of 20 patients had a 
higher T-cell helper/suppressor ratio compared with 
_ age-matched normal subjects. These data support 
- previous evidence that an excessive immune reaction 
_ is part of the pathogenesis of IDC in East Africa. 
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Action within a minute. Traridate* (labetalol HCl/Glaxo) T 

. rapidly, predictably lowers blood „pressure: by lowering total peripheral“. - 
resistance (TPR), while maintaining cardiac output.*? The “beta-dilator 
effect. of simultaneous beta blockade and alpha blockade-induced | 
vasodilation is apparent, within. а minute. | 


| Rapid control. Full: effect of ап: iV dose i is Apparat in БТО 10. 
minutes: helps avoid. Hpotensive “overshoot, ates monitoring. 
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aw \randate Injection can be administered as repeated IV injections, or 
by continuous infusion 

aay After initial dosing, further blood pressure reductions can be 
achieved with additional injections or by slow continuous infusion 

айу Discontinue Trandate Injection when blood pressure goal is 
achieved—when supine blood pressure has begun to rise, oral 
therapy may be initiated 

ашу Patients should be kept in the supine position during IV drug 
administration. See DOSAGE AND ADMINISTRATION section 
of Prescribing Information before initiating therapy 
For a discussion of ADVERSE REACTIONS, please see Brief Summary of Prescribing Information 
on the last page of this advertisement. 
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143:485-490. 2. MacCarthy EP. Bloomfield S: Labetalol: a review of its pharmacology, pharmacokinetics, clinical uses and 
adverse effects. Pharmacotherapy 1983;3(4): 193-219. 
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ANDATE® Injection — 


\ 


INDICATIONS AND USAGE: TRANDATE® [labetalol HCI) Injection is indicated for control of blood 
pressure in severe hypertension. 


CONTRAINDICATIONS: TRANDATE® Injection is contraindicated in bronchial asthma, overt cardiac 
failure, greater than first degree heart block, cardiogenic shock, and severe bradycardia (see 
WARNINGS). 

WARNINGS: Cardiac Failure: Sympathetic stimulation is a vital component supporting circulatory 
function in congestive heart failure. Beta blockade carries a potential hazard of further depressing my- 
ocardial contractility and precipitating more severe failure. Although beta-blockers should be avoided 
in overt congestive heart failure, if necessary, labetalol HCI can be used with caution in patients with 
a history of heart failure who are well-compensated. Congestive heart failure has been observed in 
patients receiving labetalol НСІ. Labetalo! НСІ does not abolish the inotropic action of digitalis on 
heart muscle. 

In Patients Without a History of Cardiac Failure: In patients with latent cardiac insufficiency, 
continued depression of the myocardium with beta-blocking agents over a period of time can in some 
cases lead to cardiac failure. At the first sign or symptom of impending cardiac failure, patients should 
be fully digitalized and/or be given a diuretic, and the response observed closely. If cardiac failure 
continues, despite adequate digitilization and diuretic, TRANDATE® therapy should be withdrawn 
(gradually, if possible). 

Ischemic Heart Disease: Angina pectoris has not been reported upon labetalol HCI discontinua- 
tion. However, following abrupt cessation of therapy with some beta-blocking agents in patients with 
coronary artery disease, exacerbations of angina pectoris and, in some cases, myocardial infarction 
have been reported. Therefore, such patients should be cautioned against interruption of therapy 
without the physician's advice. Even in the absence of overt angina pectoris, when discontinuation of 
TRANDATE is planned, the patient should be carefully observed and should be advised to limit phys- 
ical activity. If angina markedly worsens or acute coronary insufficiency develops, TRANDATE admin- 
istration should be reinstituted promptly, at least temporarily, and other measures appropriate for the 
management of unstable angina should be taken. 

Nonallergic Bronchospasm (eg, chronic bronchitis and emphysema): Since TRANDATE In- 
jection at the usual intravenous therapeutic doses has not been studied in patients with nonallergic 
bronchospastic disease, it should not be used in such patients. 

Pheochromocytoma: Intravenous labetalol HCI has been shown to be effective in lowering the 
blood pressure and relieving symptoms in patients with pheochromocytoma; higher than usual doses 
may be required. However, paradoxical hypertensive responses have been reported in a few patients 
with this tumor; therefore, use caution when administering labetalol HCI to patients with 
pheochromocytoma. 


Diabetes Mellitus and Hypoglycemia: Beta-adrenergic blockade may prevent the appearance of 


premonitory signs and symptoms (eg, tachycardia) of acute hypoglycemia. This is especially important 
with labile diabetics. Beta-blockade also reduces the release of insulin in response to hyperglycemia; 
it may therefore be necessary to adjust the dose of antidiabetic drugs. 

Major Surgery: The necessity or desirability of withdrawing beta-blocking therapy prior to major 
surgery is controversial. Protracted severe hypotension and difficulty in restarting or maintaining a 
heartbeat have been reported with beta-blockers. The effect of labetalol HCI's alpha-adrenergic ac- 
tivity has not been evaluated in this setting. 

A synergism between labetalol HCI and halothane anesthesia has been shown (see Drug 
Interactions). 

Rapid Decreases of Blood Pressure: Caution must be observed when reducing severely elevated 
blood pressure. Although such findings have not been reported with intravenous labetalol НСІ, a num- 
ber of adverse reactions, including cerebral infarction, optic nerve infarction, angina and ischemic 
changes in the electrocardiogram, have been reported with other agents when severely elevated blood 
pressure was reduced over time courses of several hours to as long as ! or 2 days. The desired blood 
pressure lowering should therefore be achieved over as long a period of time as is compatible with 
the patient's status. 

PRECAUTIONS: General: Impaired hepatic function may diminish metabolism of TRANDATE® 
Injection. 

Hypotension: Symptomatic postural hypotension (incidence 5896) is likely to occur if patients are 
tilted or allowed to assume the upright position within 3 hours of receiving TRANDATE Injection. 
Therefore, the patient's ability to tolerate an upright position should be established before permitting 
any ambulation. 

Jaundice or Hepatic Dysfunction: On rare occasions, oral labetalol НСІ has been associated 

with jaundice (both hepatic and cholestatic). It is therefore recommended that treatment with labetalol 
НСІ be stopped immediately should a patient develop jaundice or laboratory evidence of liver injury. 
Both have been shown to be reversible on stopping therapy. 
Information for Patients: The following information is intended to aid in the safe and effective use 
of this medication. It is not a disclosure of all possible adverse or intended effects. During and im- 
mediately following (for up to 3 hours) TRANDATE Injection, the patient should remain supine. Sub- 
sequently, the patient should be advised on how to proceed gradually to become ambulatory, and 
should be observed at the time of first ambulation. 

When the patient is started on TRANDATE Tablets, following adequate control of blood pressure 
with TRANDATE Injection, appropriate directions for titration of dosage should be provided (see DOS- 
AGE AND ADMINISTRATION). 

As with all drugs with beta-blocking activity, certain advice to patients being treated with labetalol 

НСІ is warranted: While no incident of the abrupt withdrawal phenomenon (exacerbation of angina 
pectoris) has been reported with labetalol HCI, dosing with TRANDATE Tablets should not be inter- 
rupted or discontinued without a physician's advice. Patients being treated with TRANDATE Tablets 
should consult a physician at any sign of impending cardiac failure. Also transient scalp tingling may 
occur, usually when treatment with TRANDATE Tablets is initiated (see ADVERSE REACTIONS). 
Laboratory Tests: Routine laboratory tests are ordinarily not required before or after intravenous 
labetalol НСІ. In patients with concomitant illnesses, such as impaired renal function, appropriate 
tests should be done to monitor these conditions. 
Drug Interactions: Since TRANDATE (labetalol НСІ) Injection may be administered to patients al- 
ready being treated with other medications, including other antihypertensive agents, careful monitor- 
ing of these patients is necessary to detect and treat promptly any undesired effect from concomitant 
administration. 

In one survey, 2.3% of patients taking labetalol HCI orally in combination with tricyclic antidepres- 
sants experienced tremor as compared to 0.7% reported to occur with labetalol HCI alone. The con- 
tribution of each of the treatments to this adverse reaction is unknown, but the possibility of a drug 
interaction cannot be excluded. 

Drugs possessing beta-blocking properties can blunt the bronchodilator effect of beta-receptor ag- 
onist drugs in patients with bronchospasm; therefore, doses greater than the normal anti-asthmatic 
dose of beta-agonist bronchodilator drugs may be required. 

Cimetidine has been shown to increase the bioavailability of labetalol НСІ administered orally. 
Since this could be explained either by enhanced absorption or by an alteration of hepatic metabolism 
of labetalol HCI, special care should be used in establishing the dose required for blood pressure con- 
trol in such patients. 

Synergism has been shown between halothane anesthesia and intravenously administered labeta- 
lol НСІ. During controlled hypotensive anesthesia using labetalol НСІ in association with halothane, 
high concentrations (396 or above) of halothane should not be used because the degree of hypotension 
will be increased and because of the possibility of a large reduction in cardiac output and an increase 
in central venous pressure. The anesthesiologist should be informed when a patient is receiving la- 
betalol HCI. 

Labetalol HCI blunts the reflex tachycardia produced by nitroglycerin without preventing its hypo- 
tensive effect. If labetalol HCl is used with nitroglycerin in patients with angina pectoris, additional 
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Dra Loa et Interactions: The presence of a metabolite of labetalol in | 
result in falsely increased levels of urinary catecholamines when measured by a nonspecific trihy- 
droxyindole (THI) reaction. In screening patients suspected of having a pheochromocytoma and being 
treated with labetalol HCI, specific radioenzymatic or high performance liquid chromatography assay 
techniques should be used to determine levels of catecholamines or their metabolites. 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term oral dosing studies with la- 
betalol HCI for 18 months in mice and for 2 years in rats showed no evidence of carcinogenesis. Stud- 
ies with labetalol HCI, using dominant lethal assays in rats and mice, and exposing microorganisms 
according to modified Ames tests, showed no evidence of mutagenesis. 

Pregnancy Category C: Teratogenic studies have been performed with labetalol in rats and rabbits at 
oral doses up to approximately 6 and 4 times the MRHD, respectively. No reproducible evidence of fetal 
malformations was observed. Increased fetal resorptions were seen in both species at doses approx- 
imating the MRHD. There are no adequate and well-controlled studies in pregnant women. Labetalol 
should be used during pregnancy only if the potential benefit justifies the potential risk to the fetus. 
Nonteratogenic Effects: Infants of mothers who were treated with labetalol HC! for hypertension 
during pregnancy did not appear to be adversely affected by the drug. Oral administration of labetalol 
to rats during late gestation through weaning at doses of 2 to 4 times the MRHD caused a decrease 
in neonatal survival. 

Labor and Delivery: Labetalol HCI given to pregnant women with hypertension did not appear to 
affect the usual course of labor and delivery. 

Nursing Mothers: Small amounts of labetalol (approximately 0.00496 of the maternal dose) are ex- 
creted in human milk. Caution should be exercised when TRANDATE® (labetalol HCI) Injection is ad- 
ministered to a nursing woman. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS: TRANDATE® Injection is usually well tolerated. Most adverse effects have 
been mild and transient and, in controlled trials involving 92 patients, did not require labetalol HCI 
withdrawal. Symptomatic postural hypotension (incidence 5896) is likely to occur if patients are tilted 
or allowed to assume the upright position within 3 hours of receiving TRANDATE Injection. Moderate 
hypotension occurred in 1 of 100 patients while supine. Increased sweating was noted in 4 of 100 pa- 
tients, and flushing occurred in 1 of 100 patients. 

тое following also were reported with TRANDATE Injection with the incidence per 100 patients as 
noted: 

Cardiovascular System: Ventricular arrhythmia in 1. |, 

Central and Peripheral Nervous Systems: Dizziness in 9; tingling of the scalp/skin in 7; hy- 
poesthesia (numbness) and vertigo in 1 each. 

Gastrointestinal System: Nausea in 13; vomiting in 4; dyspepsia and taste distortion in 1 each. 

Metabolic Disorders: Transient increases in blood urea nitrogen and serum creatinine levels oc- 
curred in 8 of 100 patients; these were associated with drops in blood pressure, generally in patients 
with prior renal insufficiency. 

Psychiatric Disorders: Somnolence/yawning in 3. 

Respiratory System: Wheezing in 1. 

Skin: Pruritus in 1. 

The incidence of adverse reactions depends upon the dose of labetalol НСІ. The largest experience 
is with oral labetalol НСІ (see TRANDATE Tablet Product Information for details.) Certain of the side 
effects increased with increasing oral dose as shown in the table below which depicts the entire U.S. 
therapeutic trials data base for adverse reactions that are probably or possibly dose-related. 


Labetalol HCI 

Daily Dose (mg) 200 300 400 600 800 900 1200 1600 2400 
Number of Patients 522 181 606 608 503 117 411 242 175 
Dizziness (%) 2 3 3 3 Б 1 3... 13 И 
Fatigue 2 1 4 4 5 3 7 6 10 
Nausea «1 0 1 2 4 0 7 11 19 
Vomiting 0 (кезе, mo x 0 1 2 3 
Dyspepsia 1 0 2 1 1 0 2 ғ 4 
Paresthesias 2 0 2 2 1 1 2 5 5 
Nasal Stuffiness 1 1 2 2 2 2 4 5 6 
Ejaculation Failure 0 2 1 2 3 0 4 3 5 
Impotence 1 1 1 1 2 4 3 4 3 
Edema 1 0 1 1 1 0 1 2 2 


The oculomucocutaneous syndrome associated with the beta-blocker practolol has not been re- 

ported with labetalol HCI during investigational use and extensive foreign marketing experience. 
Clinical Laboratory Tests: Among patients dosed with TRANDATE Tablets, there have been re- 
versible increases of serum transaminases in 4% of patients tested and, more rarely, reversible in- 
creases in blood urea. 
OVERDOSAGE: Overdosage with TRANDATE® Injection causes excessive hypotension which is pos- 
ture sensitive and, sometimes, excessive bradycardia. Patients should be laid supine and their legs 
raised if necessary to improve the blood supply to the brain. The following additional measures should 
be employed if necessary: Excessive bradycardia—administer atropine (3.0 mg). If there is no re- 
sponse to vagal blockade, administer isoproterenol cautiously. Cardiac failure—administer a digi- 
talis glycoside and a diuretic. Hypotension—administer vasopressors, eg, norepinephrine. There is 
pharmacological evidence that norepinephrine may be the drug of choice. Bronchospasm—admin- 
ister a betaz-stimulating agent and/or a theophylline preparation. 

If overdosage with labetalol HC! follows oral ingestion, gastric lavage or pharmacologically induced 
emesis (using syrup of ipecac) is useful for removal of the drug shortly after ingestion. Labetalo! НСІ 
can be removed from the general circulation by hemodialysis. 

The oral 105 value of labetalol HC! in the mouse is approximately 600 mg/kg and in the rat is 
greater than 2 g/kg. The intravenous (О5о in these species is 50 to 60 mg/kg. 

DOSAGE AND ADMINISTRATION: Initiation of Dosing with TRANDATE Tablets: Subsequent 
oral dosing with TRANDATE Tablets should begin when it has been established that the supine dia- 
stolic blood pressure has begun to rise. The recommended initial dose is 200 mg, followed in 6-12 
hours by an additional dose of 200 mg or 400 mg, depending on the blood pressure response. There- 
after, inpatient titration with TRANDATE Tablets may proceed as follows: 

Inpatient Titration Instructions 


Regimen Daily Dose* 
200 mg bid 400 mg 
400 mg bid 800 mg 
800 mg bid 1600 mg 

1200 mg bid 2400 mg 


"If needed, the total daily dose may be given in three divided doses. 

While in the hospital, the dosage of TRANDATE (labetalol HCI) Tablets may be increased at one-day 
intervals to achieve the desired blood pressure reduction. 

For subsequent outpatient titration or maintenance dosing see TRANDATE Tablets Product Infor- 
mation DOSAGE AND ADMINISTRATION for additional recommendations. 
HOW SUPPLIED: TRANDATE® Injection, 5 mg/ml, is supplied in 20 т! (100 mg) ampules, box of 1 
(NDC 0173-0350-59). 
Store between 2° and 30° C (36° and 86° F.) Do not freeze. 
Manufactured for Glaxo Inc. Research Triangle Park, NC 27709 
by Schering Pharmaceutical Corporation (PR). Manati, PR 00701 
© Copyright 1984, Glaxo Inc. All rights reserved. 
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CONGENITAL HEART DISEASE 





Accuracy of Prospective Two-Dimensional 
Echocardiographic Evaluation of Left Ventricular Outflow 
Tract in Complete Transposition of the Great Arteries 


ALVIN J. CHIN, MD, SCOTT B. YEAGER, MD, STEPHEN P. SANDERS, MD, 
ROBERTA G. WILLIAMS, MD, FREDRICK Z. BIERMAN, MD, BRUNO M. BURGER, MD, 


WILLIAM 1. NORWOOD, MD, PhD, and ALDO R. CASTANEDA, MD, PhD 





Thirty-two consecutive infants with transposition of 
the great arteries (TGA) and ventricular septal 
defect underwent subxiphoid 2-dimensional echo- 
cardiography (2-D echo). Two independent obser- 
vers prospectively evaluated each echocardiogram 
for the presence or absence of left ventric- 
ular (LV) outflow tract obstruction, whether out- 
flow obstruction was dynamic or fixed, or both, and 
the precise anatomic type of fixed obstruction. 
Compared with the LV-to-pulmonary artery gradient 
determined at cardiac catheterization, 2-D echo 
yielded low false-negative (7 to 13%) and false- 
positive (0 to 696) rates for diagnosing the presence 
or absence of LV outflow tract obstruction. More- 
over, the false-negative cases were only minor er- 
rors, because the measured LV-pulmonary artery 
gradients proved to be less than 25 mm Hg. Com- 
pared with the long-axial oblique LV angiogram, 2-D 


Accurate noninvasive diagnosis of the presence and type 
of left ventricular (LV) outflow tract obstruction in 
transposition of the great arteries (TGA) is important 
for several reasons. First, the ability to exclude the 
presence of fixed LV outflow tract obstruction limits the 
need for “routine” cardiac catheterization before repair 
in infants with intact ventricular septum. Second, be- 
cause certain types of fixed LV outflow tract obstruction 
are difficult for the surgeon to visualize and alleviate, 
delineation of the precise anatomic type of fixed ob- 


From the Departments of Cardiology and Cardiovascular Surgery, 
Children’s Hospital Medical Center, and the Departments of Pediatrics 
and Surgery, Harvard Medical School, Boston, Massachusetts. Manu- 
script received June 5, 1984; revised manuscript received November 
9, 1984, accepted November 12, 1984. 

Address for reprints: Stephen P. Sanders, MD, Department of Car- 
diology, Children's Hospital Medical Center, 300 Longwood Avenue, 
Boston, Massachusetts 02115. 


echo yielded no false-negative results in detection - 


of outflow tract obstruction, which was at least partly 
fixed. Compared with autopsy/surgical observation, 
2-D echo made no significant errors in delineating 
the exact anatomic type of fixed obstruction. 

The diagnostic accuracy of 2-D echo in detecting 
and characterizing LV outflow tract obstruction limits 
the need for “routine” cardiac catheterization before 
repair in infants with TGA and intact ventricular 
septum. Furthermore, because certain types of fixed 
LV outflow tract obstruction are difficult for the 
surgeon to visualize and alleviate, precise knowl- 
edge of the anatomic type of fixed obstruction in- 
fluences the choice among Rastelli, intraatrial baffle 
and arterial switch procedures in patients with TGA 
and ventricular septal defect. 


(Am J Cardiol 1985;55:759-764) 


struction influences the type of repair chosen—Rastelli, 
intraatrial baffle or Jatene (arterial switch) proce- 
dure—in patients with TGA and ventricular septal 
defect (VSD). This study ascertains the diagnostic ac- 
curacy of 2-dimensional echocardiography (2-D echo) 
in predicting the presence or absence of LV outflow 
tract obstruction, whether outflow tract obstruction was 
dynamic or fixed, or both, and the precise anatomic type 
of fixed obstruction. 


Methods 


Patients: Thirty-two consecutive patients with TGA and 
VSD younger than age 2 years underwent diagnostic 2-D echo 
before cardiac catheterization and angiography at Children’s 


Hospital, Boston. Patients with atrioventricular valve atresia 


or heterotaxy syndrome were excluded. 
Echocardiographic technique: All examinations were 
performed from the subxiphoid position using either a Picker 
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^g | Echoview 80CI or a Diasonics Cardiovue 100 with 5.0-MHz 
| ` short- and long-focus transducers. The LV outflow tract was 
RE, pee in all patients with sweeps in 3 directions. 
The first sweep was begun from the subxiphoid 4-chamber 
- view; the transducer was then angled progressively cranially 
b i (Fig. 1A). The transducer was then rotated approximately 30? 
Es - clockwise from the subxiphoid 4-chamber view. The second 
^ _ sweep was made by angling from the left shoulder progres- 
Eu down toward the right hip (Fig. 1B). The third sweep 
was started in subxiphoid short-axis parasagittal projec- 
D dou and moved from the base toward the apex of the heart 
id ` (Fig. 1C). 
E All LV angiograms were performed in at least the long-axial 
`` oblique projection; some patients had an additional LV in- 
[um jection filmed in the hepatoclavicular projection. 
ТИ — Data analysis: Two independent observers viewed each 
_ 2-D echocardiogram without knowledge of the subsequent 
pa - cardiac catheterization data. First, each observer evaluated 
f the echocardiographic examination for the presence or ab- 
T8 sence of LV outflow tract obstruction. Second, if the exami- 
b nation was judged to show outflow tract obstruction, the ob- 
_ Server decided whether the obstruction was dynamic (Fig. 2) 
` (posterior bulging of the interventricular septum with or 
d _ without systolic apposition of the anterior mitral leaflet) or 
/ fixed or both. Third, fixed obstruction was characterized as 
~ due to 1 or more of the following known anatomic types (Fig. 
h. _8): (1) fibrous subpulmonary diaphragm or ring!-?; (2) fibro- 
P. muscular ridge^ 5; (3) deviated infundibular septum?6; (4) 
` hypertrophied muscle of Moulaert (anterolateral muscle 
ie bundle’), the muscle bundle separating the anterior mitral 
E _ leaflet from the anterior border of the left ventricle; (5) 
` membranous septal tissue ќарз; (6) accessory mitral valve 
tissue; (7) accessory tricuspid valve tissue?:3/59.10- (8) anom- 
. alous insertion of the mitral valve?:111-13; or (9) valsar pul- 
Ё monary stenosis,!-4 which is usually due to commissural fusion 
_ but can be due to dysplasia. 
The LV-to-pulmonary artery (PA) pressure gradient ob- 
с tained at cardiac catheterization was used as the standard by 
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which we assessed the accuracy of 2-D echo in judging the 
presence of LV outflow tract obstruction. Outflow tract ob- 


struction was considered to be absent if the LV-to-PA gradient 


was less than 10 mm Hg. In 8 neonates, pressure gradient data 
were not obtained; in these patients echocardiographic ob- 
servations were compared with as many of the following al- 
ternative diagnostic techniques as were available: autopsy 
observation, surgical observation at the time of repair and LV 
angiography (long-axial oblique projection). 

To determine the ability of 2-D echo to distinguish between 
dynamic and fixed obstruction, we compared our echocar- 
diographic findings with those in the LV angiogram, supple- 
mented with autopsy or surgical data whenever possible. 

Finally, to assess our ability to predict the anatomic type 
of fixed LV outflow tract obstruction, we compared 
2-D echocardiographic findings with autopsy or surgical 
observations. 


Results 


Presence or absence of left ventricular outflow 
tract obstruction: The 2 independent observers were 
concordant in 30 of 32 cases. 

In the 15 patients in whom both observers judged 
outflow obstruction to be absent, this assessment was 
confirmed by pressure measurements in 10, autopsy 
plus angiography in 2 and angiography alone in 2; in the 
other patient, a 20 mm Hg LV-PA gradient was mea- 
sured at catheterization. (This obstruction was believed 
to be dynamic on angiography.) 

In the 15 patients in whom both observers judged 
outflow obstruction to be present, this assessment was 
confirmed by pressure measurements in 12, autopsy 
plus angiography in 1 and angiography alone in 2. 

In the 2 patients with observer discordance, both were 
thought to have (dynamic) obstruction by observer 2; 
1 had a LV-PA gradient of 13 mm Hg at catheterization, 


FIGURE 1. Three basic sweeps from the subxiphoid 
window. A, sweep is begun from the 4-chamber view; the 
transducer is then angled progressively cranially. B, 
transducer is rotated approximately 30? clockwise from 
the 4-chamber view. This sweep is made by angling from 
the right hip to the left shoulder, or vice versa. The 
long-axis view obtained when the sector traverses the 
left ventricle is analogous to the long-axial oblique an- 
giographic view. C, third sweep is started in the para- 
sagittal position; this is analogous to a lateral angio- 
graphic projection. The transducer is moved from the 
base toward the apex of the heart in order to achieve the 
equivalent of a left anterior oblique projection. 
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FIGURE 2. Dynamic left ventricular outflow tract ob- 
struction. A, injection into the left ventricle (LV), long-axial 
oblique view. Note the systolic apposition of the anterior 
mitral leaflet (arrowheads) to the interventricular septum 
(S). B, 2-dimensional echocardiogram obtained by cranial 
angulation of the transducer from the 4-chamber view. 
The leftward bulge of the interventricular septum (S) can 
be appreciated, but this view does not elongate the LV 
outflow tract as well as the long-axis view. Arrowheads 
mark the anterior mitral leaflet. C, 2-dimensional echo- 
cardiogram, long-axis view. The LV outflow tract is op- 
timally elongated. The systolic anterior (ant) motion of the 
anterior mitral leaflet (arrowheads) is easily seen. Inf = 
inferior; L = left; MPA = main pulmonary artery; post = 
posterior; r = right; RA = right atrium; RPA = right pul- 
monary artery; RV = right ventricle; sup = superior. 


and 1 had no outflow obstruction by autopsy and angi- 
ography. Thus, depending on which observer’s data 
were used, the false-negative rate of 2-D echocardio- 
graphic detection of the presence of LV outflow tract 
obstruction ranged from 7 to 13%, whereas the false- 
positive rate ranged from 0 to 6%. However, in false- 
negative cases, the measured gradients were less than 
25 mm Hg. 

Is left ventricular outflow obstruction dynamic 
or fixed, or both? In the 15 patients in whom both 
observers judged outflow obstruction to be present, the 
observers were concordant 14 times with respect to this 
question; fixed obstruction occurred 9 times and dy- 
namic obstruction occurred 5 times. 

In the 9 patients in whom fixed obstruction was 
judged present by both observers, this assessment 
was confirmed by LV angiography plus autopsy in 1, an- 
giography plus surgical observation in 5 and angiography 
alone in 1; in 2 patients, however, the angiographic di- 
agnosis was dynamic obstruction. Unfortunately, in 
neither patient (nos. 7 and 8, Table I) was surgical obser- 
vation definitive in settling the issue, as discussed below. 

In the 5 patients in whom both observers judged LV 
outflow tract obstruction to be dynamic, this assessment 
was confirmed by angiography and autopsy in 1 and by 
angiography alone in 4. 

In the 1 case about which the observers were discor- 
dant, observer 1 assessed the outflow obstruction to be 
dynamic, whereas observer 2 judged the obstruction to 
be partly dynamic and partly fixed due to a prominent 
muscle of Moulaert, as well as to valvar pulmonary 
stenosis. LV angiography diagnosed only dynamic ob- 
struction. At surgery no valvar or fixed subvalvar ob- 
struction was seen via pulmonary arteriotomy; however, 
at cardiac catheterization after repair, a residual 50-mm 
Hg LV-PA gradient was measured (unchanged from 
before surgery), and on LV angiography this still ap- 
peared to be dynamic obstruction. 

Anatomic type of fixed outflow tract obstruction: 


_ In the 9 cases judged by both observers to be fixed, the 
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FIGURE 3. Anatomic types of left ventricular outflow tract obstruction. 4 
ALMB = anterolateral muscle bundle; AML = anterior mitral leaflet; _ E 
FMR = fibromuscular ridge; IS = infundibular septum; LV = Іей ven- — . 
tricle; PML = posterior mitral leaflet; RV = right ventricle; TLs = tri- —— 
cuspid leaflets. d 
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Echocardiographic Diagnosis 





Observer 1 Observer 2 


3 


Autopsy/Surgical 
Observation 


Angiographic 
Diagnosis 


دس 


Mal inf septum Mal inf septum 

Mal inf septum + access TV 
tissue tissue 

Mal inf septum 

Mal inf septum Mal inf septum 

Valvar Valvar 

Access TV tissue Access TV tissue 

Access TV tissue Memb septal tissue tag 

Access TV tissue Memb septal tissue tag 

Access MV tissue Access MV tissue 


OONOORO N 


Mal inf septum + access TV 


Mal inf septum + valvar PS 


Mal inf septum NA 

Mal inf septum Mal inf septum + access TV 
tissue 

Mal inf septum Mal inf septum 

Mal inf septum Mal inf septum 

Valvar Valvar 

Memb septal tissue tag Access TV tissue 

No fixed obstruction TV leaflet adjacent to VSD 

No fixed obstruction TV leaflet adjacent to VSD 

Valvar Access MV tissue 


Access = accessory; inf = infundibular; mal = malalignment of; memb = membranous; MV = mitral valve; NA = not available; PS = pulmonary 


stenosis; TV = tricuspid valve; VSD = ventricular septal defect. 


observers were concordant 6 times regarding the ana- 
tomic type of fixed obstruction (Table I). 

In 2 of the 3 cases of observer discordance (patients 
7 and 8, Table I), observer 1 judged the obstruction to 
be due to accessory tricuspid valve tissue, whereas ob- 
server 2 judged the obstruction to be due to a mem- 
branous septal tissue tag. At surgery, although the 
septal tricuspid leaflet was adjacent to the VSD and 
thus could have protruded into the outflow tract, no 
“accessory” tricuspid valve tissue or membranous septal 
tissue tag was seen via atriotomy. In the other case of 
observer discordance, observer 1 diagnosed malalign- 
ment of the infundibular septum, whereas observer 2 
agreed but believed there was valvar pulmonary stenosis 
as well. 


Discussion 


Several investigators,9:10.1415 have suggested that 2-D 
echo is useful in evaluating the LV outflow tract in TGA. 
We report a prospective study of the diagnostic accuracy 
of 2-D echo in detecting and characterizing LV outflow 
tract obstruction. 

For diagnosing the presence or absence of LV outflow 
tract obstruction, 2-D echo yielded low false-negative 
(7 to 13%) and false-positive rates (0 to 6%); moreover, 
the false-negative cases were only minor errors, because 
the measured LV-MPA gradients proved to be less than 





FIGURE 4. Accessory tricuspid valve tissue (arrowheads) protruding 
into the left ventricular outflow tract during systole. Note open pulmonary 
valve leaflets. This image was obtained by cranially angulating the 
transducer from the 4-chamber view. VS = ventricular septum; other 
abbreviations as in Figure 2. 


25 mm Hg. These results compare favorably with 
Daskalopoulos et al" who reported a false-negative rate 
of 22% and a false-positive rate of 0%. 

In detecting LV outflow obstruction, which was at 
least partly fixed, 2-D echo gave no known false-nega- 
tive results. However, the potential of false-positive 
results exists. 

Two-dimensional echo did not make any significant 
errors in delineating the anatomic type of fixed ob- 
struction (Table I). It is better than LV angiography in 
detecting accessory tricuspid or mitral valve tissue as 
a cause of fixed obstruction (patients 2 and 9, Table I; 
Fig. 4 and 5). At surgery, redundant valve tissue may not 
be apparent in the flaccid heart!® (patients 7 and 8, 
Table I). 

A major advantage of the subxiphoid long-axis view 
over the parasternal long-axis view is that it allows si- 
multaneous visualization of both ventricular outflow 
tracts and both atrioventricular valves (Fig. 1), making 
appreciation of the spatial relations of these structures 
easier. 

Although we studied only patients with TGA and a 
significant (though not necessarily nonrestrictive) VSD, 





FIGURE 5. Accessory mitral valve tissue. This image is obtained by 
cranial angulation from the 4-chamber view. Accessory tissue (small 
black arrows) extends into the region immediately below the pulmonary 
valve leaflets (white arrow). The anterior (AML) and posterior (PML) 
mitral leaflets are easily visualized as is the malalignment-type ven- 
tricular septal defect (arrowheads). T = tricuspid valve; other abbre- 
viations as in Figure 2. 


we believe that our findings on the diagnostic accuracy 
of 2-D echo apply to patients with intact ventricular 
septum as well. The capacity to distinguish reliably 
between dynamic and fixed LV outflow obstruction is 
important for infants with TGA and intact ventricular 
septum for several reasons. 

First, although several іпуеѕіісаіогѕ!?-!9 have re- 
ported that resection of LV outflow tract muscle in 
patients with dynamic obstruction has successfully 
diminished the gradient, others have noted that dy- 
namic obstruction usually does not need to be surgically 
approached?? and that such resection is hazardous?! 
because of the location of the conduction system. 
Moreover, dynamic LV outflow tract obstruction does 
not appear to be a contraindication to the arterial switch 
procedure because the obstruction appears to abate 
after anatomic correction.?? 

Second, since most large centers perform elective 
intraatrial baffle surgery for TGA with intact ventric- 
ular septum before age 6 months, an age at which pul- 
monary vascular obstructive disease is rare, the 
primary justification for performing cardiac catheter- 
ization before reparative surgery has been to rule out 
fixed LV outflow obstruction. Considering the results 
presented in this study, routine catheterization before 
repair to evaluate the LV outflow tract may no longer 
be justified. Because ventricular septal configuration 
in the subxiphoid short-axis projection predicts LV 
pressure in TGA with intact ventricular septum” by age 
3 months, 2-D echocardiographic evaluation of the 
ventricular septal geometry and the LV outflow tract 
can select out the rare patients who have early-onset 
pulmonary vascular obstructive disease and who thus 
might warrant catheterization. 

Elucidation of the precise anatomic type of fixed 
obstruction is important not only in patients with TGA 
with intact ventricular septum, but also in patients with 
TGA and large (nonrestrictive) VSD who would typi- 
cally undergo a Rastelli procedure.?? Since relief of 
certain types of fixed obstruction (membranous septal 
tissue tag,’ accessory tricuspid tissue,!6 valvar pulmo- 
nary stenosis,! ^1? fibrous diaphragm or ring,!^!? and 





FIGURE 6. Deviated infundibular septum (IS), long-axis view. The 
malalignment-type ventricular septal defect is marked by arrowheads. 
S = superior; other abbreviations as in Figure 2. 
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fibromuscular ridge! 19) has been accomplished, 2. D. 
echo can assist in deciding among trans-PA,!7-!9 trans- 
mitrali or trans-VSD!? approaches. Moreover, 
knowledge that LV outflow tract obstruction in TGA 
with large VSD is of a surgically approachable anatomic 


type allows the option of combining intraatrial baffle 


surgery or even the arterial switch procedure with 
VSD closure. Of the 9 well-recognized anatomic types 
of fixed obstruction listed in the Methods section, valvar 
pulmonary stenosis,” anomalous insertion of the mitral 
valve, deviated infundibular septum (Fig. 6), and 
hypertrophy of the muscle of Moulaert would be abso- 
lute contraindications to the arterial switch procedure. 
(Although valvar pulmonary stenosis can be relieved, 
this is usually at the expense of causing some degree of 
regurgitation, which would be undesirable after the 
arterial switch). In patients with the latter 3 types of 
fixed obstruction, intraatrial baffle surgery would have 
to be combined with a LV-PA conduit. 


Acknowledgment: We thank Emily Flynn for her contri- 
bution to the graphics and Carrol Cohen for secretarial 
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Anomalous Origin of the Left Main Coronary Artery 2 
from the Right Sinus of Valsalva 1 
DEMETRIOS KIMBIRIS, MD | 


The clinical and angiographic findings in 10 patients 


with anomalous origin of the left main (LM) coronary 
artery from the right sinus of Valsalva are presented. 
The initial course of the anomalous artery was be- 
tween the aorta and the pulmonary trunk in 6 pa- 
tients (5 men and 1 woman), and posterior to the 
aorta in 4 patients (3 women and 1 man). The best 
coronary angiographic projection to determine the 
course of the LM coronary artery in relation to the 
aorta and pulmonary trunk was the right anterior 
oblique and lateral projections, with a catheter in the 
pulmonary trunk as a guide. In the right anterior 
oblique projection left ventriculogram, an increased 
density at the base of the aorta was seen in all pa- 
tients with posterior-to-aorta course of the anoma- 


Anomalous origin of the left main coronary artery (LM) 
from the right sinus of Valsalva is a rare congenital 
anomaly. Interest in this anomaly followed reports of 
sudden death occurring during exercise in certain young 
patients in whom the initial course of the artery was 
between the aorta and the pulmonary trunk.” 
Therefore, when this anomaly is detected during coro- 
nary angiography, it is important to determine its course 
in relation to the aorta and the pulmonary trunk. This 
article describes the most valuable angiographic pro- 
jections and angiographic signs in determining the ini- 
tial course of the anomalous artery and also describes 
observations of the blood supply to the first portion of 
the ventricular septum. 


Methods 


Among approximately 15,000 coronary arteriograms per- 
formed in our hospital from July 1966 to December 1983, I 
observed 10 cases of anomalous LM coronary artery origi- 
nating from the right sinus of Valsalva. Coronary arteriogra- 
phy and left ventriculography were performed by the Sones 
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lous artery. The blood supply to the first portion of | 
the ventricular septum is provided by 1 or 2 de- — 


scending septal branches from the anomalous LM — - 


artery, when the anomalous vessel is coursing be- 
tween the aorta and pulmonary trunk. When the 
anomalous LM courses posteriorly to the aorta, it 


does not provide any septal branches. In patients - * 


with this anomaly, the blood supply to the first por- 
tion of the septum is usually provided by descending 
septal branches originating from the right sinus of 
Valsalva or from the first portion of the right coronary 
artery. Six of the 10 patients had severe obstructive 
coronary artery disease. Four of the 6 patients had 
significant LM coronary artery disease. E" 

(Am J Cardiol 1985;55:765-769) p 


or the Judkins technique using 35-mm film at 30 frames/s. The 
patients' history and electrocardiograms were reviewed. 


Results 


There were 6 men and 4 women. The most useful 
projections to determine the initial course of the 
anomalous artery were the right anterior oblique and 
the lateral. To determine the course of the vessel in 
relation to the aorta and pulmonary trunk, a catheter 
was placed in the pulmonary artery as a guide in the last 
6 patients (Fig. 1). In the right anterior oblique view, it 
was easy to determine whether the vessel was directed 
anterior or posterior to the aorta (Fig. 1A). If it was di- 
rected anteriorly, and if in the lateral view the LM 
coronary artery was located behind the pulmonary 
catheter, then the course of the vessel was between the 
pulmonary trunk and the aorta (Fig. 1À and B). 

The initial course of the anomalous vessel was be- 
tween the aorta and the pulmonary trunk or posterior - 
to the aorta in all patients. No patient was observed with 
course of the anomalous artery anterior to the pulmo- 
nary artery. 


Initial course of the left main coronary artery _ 


between aorta and pulmonary trunk: There were 6. 
patients in this group, 5 men and 1 woman, aged 16 to 
71 years (mean 54). All patients had angina pectoris. 

During its course, the anomalous vessel provided 1 or 
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2 descending septal branches before its bifurcation into 
the left anterior descending and left circumflex coronary 
arteries (Fig. 2). Two patients had significant stenosis 
of the LM in almost identical positions just before bi- 





FIGURE 1. A, right anterior oblique view of left coronary arteriogram. 
Anomalous left coronary artery originates from right sinus of Valsalva 
with a catheter (C) in pulmonary artery. The anomalous vessel is di- 
rected anteriorly to the aorta. B, left lateral view of same left coronary 
arteriogram. The catheter (C) in the pulmonary artery is located in front 
of the vessel; therefore, the vessel is located between aorta and pul- 
monary artery. 





FIGURE 2. Coronary arteriogram in left anterior oblique view, with 
course of the anomalous left main coronary artery between aorta and 
pulmonary artery. Two descending septal branches (DS) are seen. 





furcation into the left anterior descending and left cir- 
cumflex coronary arteries (Fig. 3A and B). One of these 
2 patients had no disease in other vessels; the other, in 
addition to LM disease, had total occlusion of the right 
coronary artery. This patient had extensive collaterals 
to the occluded right coronary artery, mainly through 
a descending septal branch (Fig. 4). Two other patients 
also had significant disease in other coronary arteries. 
In 2 patients, a small vessel, a few centimeters long, was 
visualized in the left sinus of Valsalva. Ventriculo- 
graphic abnormalities corresponded to segments sup- 
plied by diseased coronary arteries, or to areas corre- 
sponding to previous myocardial infarction. 

Initial course of the left main coronary artery 
posterior to the aorta: There were 4 patients in this 
group, 3 women and 1 man, aged 38 to 69 years (mean 
56). All patients had angina pectoris. 

The origin of the anomalous vessel was posterior to 
the orifice of the right coronary artery in 3 patients; in 
1 patient, its origin was from the first portion of the right 
coronary artery. The LM was then directed posteriorly 
to the aorta to reach the left border of the heart (Fig. 5). 
Two patients had normally patent coronary arteries. 
One patient had 80% long eccentric stenosis of the 
anomalous LM (Fig. 6A) and another patient had total 





FIGURE 3. Coronary arteriogram in right anterior oblique view of 2 
patients with anomalous course of the left main coronary artery between 
aorta and pulmonary artery. Significant left main coronary artery ste- 
nosis is seen at almost identical segments, just before bifurcation in- 
to left anterior descending and left circumflex coronary artery (A,B, 
arrows). 
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occlusion of the anomalous LM (Fig. 6B). In both of 
these patients, the location of the disease in the LM 
coronary artery was at a point where the LM coronary 
artery turned around the aorta (Fig. 6). In the patient 
with total occlusion of the LM, the left anterior de- 
scending and left circumflex coronary arteries were well 
visualized through collaterals from the right coronary 
artery and through a descending septal branch origi- 





FIGURE 4. Left coronary arteriogram in left anterior oblique view. The 
occluded right coronary artery (RCA) fills through collaterals mainly by 
a large descending septal (DS) branch (arrow). 


=: xi. 


FIGURE 5. Coronary arteriogram of anomalous left main coronary artery 
coursing posteriorly to the aorta in right anterior oblique (upper) and 
left anterior oblique (lower) views (arrows). 


nating from the right sinus of Valsalva (Fig. 7). The 
patient with 8096 stenosis of LM also had 60% stenosis 
of the left anterior descending and 70% stenosis of the 
left circumflex coronary artery. The LM with a course 
posterior to the aorta did not provide any septal 
branches (Fig. 5A and B). In 3 of the 4 patients with 
course of the LM posterior to the aorta, descending 
septal branches originated from the right sinus of Val- 
salva. Ventriculographic abnormalities were related to 
the obstructive coronary artery disease. Characteristi- 
cally, in the right anterior oblique projection of the left 
ventriculogram, a localized increased density was seen 
at the base of the aorta posterior to the noncoronary 
sinus of Valsalva in all patients with an initial course of 
the LM posterior to the aorta (Fig. 8). In no patient was 
the course anterior to the aorta. This density is due to 
a profile view of the anomalous vessel as it courses 
posteriorly to the aorta. 


Discussion 


Anomalous origin of the LM from the right sinus of 
Valsalva is a rare condition in adult patients without 
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FIGURE 6. Aortogram (A) and left ventriculogram in left anterior oblique 

(B) views from 2 patients. Course of the left main coronary artery (LM) 
posteriorly to the aorta shows stenosis (A) and total occlusion (B) of the 

left main coronary artery in almost identical locations (arrows). 
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. congenital heart disease (incidence 0.07%). The initial 
` ‘course of the anomalous vessel may be between the 
. aorta and the pulmonary trunk, or it may course in- 
tramyocardially in the right ventricular infundibulum, 
E posteriorly to the aorta and anteriorly to the pulmonary 
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__artery.!-!! The most valuable angiographic projection 
__ to determine the course of the anomalous vessel is the 
.. right anterior oblique. To determine the course between 


Н 


_ the aorta and the pulmonary trunk or the course ante- 
_ rior to the pulmonary trunk, the lateral projection is 


Tem 


— best, with a catheter in the pulmonary trunk as a guide 
— (Fig. 1). An increased localized density at the base of the 
- aorta, which is seen in the right anterior oblique pro- 
ES jection of the left ventriculogram, is characteristic in all 
` patients with course of the anomalous vessel posterior 
_ tothe aorta (Fig. 8). This angiographic sign has not been 
_ previously described for patients with anomalous LM. 
| Page et al!? described a similar sign in patients with an 
. anomalous left circumflex coronary artery, which they 
_ termed the “aortic root sign." 

When the LM courses between the aorta and pul- 
. monary trunk it always provides 1 or 2 descending 
_ septal branches, but not when it courses posteriorly to 
~ the aorta. In most of these patients a descending septal 
| branch is provided by the right coronary artery or by a 
. Separate ostia in the right sinus of Valsalva. This angi- 
- ographic observation also has not been previously re- 
- ported. These descending septal branches provide blood 
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| to the first portion of the ventricular septum, and may 
. serve as potential collateral sources for other diseased 
. coronary arteries (Fig. 4). The determination of the 
. initial course of the anomalous LM is important in 
_ patients undergoing any type of cardiac surgery, but 
_ particularly in patients undergoing aortic valve surgery 
_ in order to avoid injury to the anomalous vessel.!? It is 
- also important because sudden death and morbidity 
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` FIGURE 7T. Right coronary artery (RCA) arteriogram in left anterior 
- Oblique projection view from patient with total occlusion of the left main 
i coronary artery. Collaterals mainly from a descending septal (DS) 
- branch are filling the entire left coronary artery, which is free of ob- 
_ structive disease distally. LAD = left anterior descending coronary 
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have been reported during exercise in young persons 
with the course of the anomalous LM between the aorta 
and the pulmonary trunk in the absence of any other 
cardiac anomaly.!-!! The mechanism of sudden death 
in these patients is not known. However, several theories 
have been proposed, including (1) compression of the 
anomalous vessel between the aorta and pulmonary 
artery,“ (2) spasm, torsion or kinking of the anomalous 
vessel,® (3) a congenitally small left coronary system?4 
and (4) anatomic derangement at the takeoff of the 
vessel, with acute angulation.!3 

The most attractive hypothesis, supported by 
Cheitlin et al,! is that of acute angulation of the vessel, 
with anatomic derangement at the orifice. This is fur- 
ther supported by a recent report by Roberts et al!4 of 
3 patients with anomalous right coronary artery from 
the left sinus of Valsalva who died suddenly in the ab- 
sence of other cardiac anomalies. They suggested as a 
cause of sudden death the upright, slit-like origin of the 
right coronary artery from the left sinus of Valsalva. In 
a recent necropsy study, Virmani et al!? suggested that 
even with normal origin of the coronary arteries, acute 
takeoffs along the aortic wall and congenital coronary 
ostial valvelike ridges are more often found in patients 
who die suddenly. 

Almost all of our patients and most of those reported 
by others were older adults!.3-11; this suggests that car- 
diac function is not impaired in all patients with this 
anomaly. In 4 of our 6 patients with the anomalous 
vessel coursing between the aorta and the pulmonary 
artery, the symptoms of angina may be attributed to 
coexistent coronary artery disease. Although no sudden 
death has been reported in patients with an anomalous 
LM and course posterior to the aorta, there are nu- 
merous герогіѕ816 of acute myocardial infarction and 
angina pectoris in patients with this anomaly in the 
presence of normally patent coronary arteries. 

Coronary artery disease of the anomalous LM was 
found in 4 of our 10 patients. This incidence is much 
higher than the incidence found in our general popu- 
lation undergoing coronary angiography. The location 
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FIGURE 8. Right anterior oblique view of left ventriculogram from pa- 
tient with course of the anomalous vessel posterior to the aorta. Note 
the "aortic root” sign of the anomalous vessel (arrow). 
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segment between the aorta and the pulmonary trunk 
was identical just before bifurcation into the left ante- 
rior descending and left circumflex coronary arteries 
(Fig. 3). In contrast, in the 2 patients with a course 
` posterior to the aorta, the diseased segment was located 
` proximally as the anomalous LM coronary artery was 
turning around the aorta (Fig. 6 A and B). 

These findings raise the question of whether these 
particular segments are subjected to specific stress that 
predisposes the development of coronary atherosclerosis 
in some patients. 

Acknowledgment: I am grateful to Amelia Kuriger for her 
efforts in preparing this manuscript. I also thank Dr. A. S. 
Iskandrian for studying 2 patients and Dr. G. S. Mintz for 
studying 1 patient. 
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Anomalous Origin of the Left Main Coronary Artery 
from the Right Anterior Aortic Sinus: Angiographic 
Definition of Anomalous Course 


TATSUO ISHIKAWA, MD, and PETER W.T. BRANDT, MB, ChB, FRCR 


Five cases of anomalous origin of the left main (LM) 


. coronary artery from the right anterior aortic sinus 


are presented. In 4 patients the anomalous artery 
ran а septal course through the floor of the right 


. ventricular infundibulum and in 1 an interarterial 


course between the aorta and pulmonary trunk. The 
cineangiographic features of these courses are 
contrasted with arteries running anterior free wall 


. and retro-aortic courses. A caudal anterior loop of 


- When the left main (LM) coronary artery arises 


anomalously from the anterior (“right coronary”) aortic 
sinus of Valsalva or from the proximal right coronary 
artery, it may follow 1 of 4 described pathways (Fig. 1): 
(1) Interarterial course. The LM coronary artery passes 
between the aorta and pulmonary trunk! or between 
the aortic valve and right ventricular infundibulum 
immediately adjacent to the pulmonic valve.?8 (2) 


_ Anterior free wall course. The artery crosses the ante- 


rior free wall surface of the right ventricular outflow 
tract.^9.19 (3) Retro-aortic course. The artery passes 


- posteriorly around the aortic root in the transverse 


pericardial sinus!9-!? similar to the more common ab- 
errant left circumflex artery.?:14!5 (4) Septal course. 
The artery runs an intramuscular course through the 
conal (infundibular) septum across the floor of the right 


ч ventricular outflow tract and therefore proximal to the 


. pulmonic valve.416 


T'he interarterial, anterior free wall and retro-aor- 


tic courses have been described in angiographic stud- 


ies, *-510-15 but the septal course, although well docu- 
mented morphologically, awaits clear angiographic 


. description. The interarterial course is the only 1 of the 
k 4 frequently associated with sudden death and myo- 
_ cardial infarction,!-8-17 but all, in common with other 
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the anomalous LM coronary artery indicates a septal 
course, a cranial posterior loop an interarterial 
course, a cranial anterior loop an anterior free wall 
course and a caudal posterior loop a retro-aortic 
course. Review of previously documented cases 
shows that the septal course is relatively common, 
although previously not recognized. 


(Am J Cardiol 1985;55:770-776) 


vascular anomalies, are of interest in the context of 
cardiac surgery. Thus, accurate angiographic recogni- 
tion of the 4 courses is highly desirable to ensure ap- 
propriate patient management. 

We present 5 cases of anomalous origin of the LM 
coronary artery from the right anterior aortic sinus and 
describe the angiographic features that distinguish the 
various courses which may be run by the aberrant 
artery. 


Methods 


The files of coded cineangiocardiographic diagnoses at 
Green Lane Hospital included 5 cases of anomalous origin of 
the LM coronary artery from the right anterior aortic sinus. 
The clinical records and cine studies were reviewed. 


Results 


Case reports: Clinical details and radiologic diag- 
nosis of the course of the anomalous LM coronary artery 
in each case are presented in Table I. In 4 patients the 
anomalous artery ran a septal course (Fig. 2 and 3) and 
in 1 it ran an interarterial course (Fig. 4). In case 1 cine 
left ventriculography and aortography in right anterior 
oblique (RAO) projection only had been performed. At 
surgery and autopsy examination, anomalous origin of 
the LM coronary artery from the right anterior aortic 
sinus close to the right coronary orifice was confirmed, 
but its course was not described and the heart specimen 
has been lost. The studies of cases 2 to 5 consisted of 
RAO left ventriculograms and complete series of 
selective coronary cineangiograms. In cases 2 and 5 
at surgery the proximal coronary arteries were not 
dissected. 
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FIGURE 1. The 4 possible courses of an anomalous left main coronary artery (LCA) 
arising from the right anterior aortic sinus of Valsalva. 1, interarterial course; 2, 
anterior free wall course; 3, retro-aortic course; and 4, septal course. See text 
for definitions of courses. The right coronary artery (RCA) is also illustrated. A = 
aortic valve; ant = anterior; It = left; P = pulmonic valve; post = posterior; rt = 
right. 


Å e. es x 
FIGURE 2. Case 3. Selective left coronary arteriograms in the right anterior oblique (A), left anterior oblique (B) and cranially tilted left lateral (C) о, Е 


projections and left ventriculogram іп the right anterior oblique projection (D). The septal coursing left main coronary artery (L) arises from the anterior — — 
aortic sinus from an orifice adjacent to the right coronary (R) orifice. Its characteristic caudal loop passes forward (A and C) and leftward (B and. x * 
C), supplying septal branches (s) in the floor of the right ventricular outflow tract. Its whole course remains below and in front of the pulmonic valve. . . 
From the bifurcation of the left main coronary artery in the anterior interventricular groove, the left circumflex branch (cx) turns back to reach its — 
normal position in the atrioventricular groove. In A and C, a conus branch (c) also fills, showing the direction a free wall coursing artery usually — . 
takes. The anterior descending branch (a) is smaller than a diagonal branch (d). In D, left main coronary artery forms the inferior limb, and the left _ 


circumflex forms the superior limb of a characteristic arterial loop above the base of the left ventricle. Asterisk indicates catheter. 
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_ TABLE! Clinical Features and Radiologic Diagnosis 

P ' «TOES tt аньг ROSE e و ا‎ LT NU Reed". RUN PL JO LT у! 

2: Radiologic 

| Previous Diagnosis Course 

E Age (yr) Study Myocardial Final Clinical of Anomalous 

I Pt & Sex Date Symptoms Infarction Diagnosis LM (Fig. 1) 

ES 4 OF 1967 Dyspnea, edema 0 MV and AV Septal * 

Pas disease 

n 2 58M 1975 Angina 0 CAD Septal 

By 3 43M 1983 Chest pain 0 ?coronary Septal 

Y spasm 

m4 53M 1984 Angina 0 CAD Septal 

EU 5 7ЗЕ 1984 Апдїпа T CAD Interarterial 

E —— ma n I c o n lathe ae EES 

a — * Initially reported as anterior free wall course. 

AV = aortic valve; CAD = coronary artery disease; LM = left main coronary artery; MV — mitral valve. See text for definitions of course. 

LE. 

- Angiographic features: Anomalous origin of the was suspicion of slight systolic flattening of the anom- 

_ left main coronary artery from the right anterior aortic alous LM coronary artery in its septal course, but in the 

E sinus with septal course (4 cases): Selective cine coro- other 3 cases there was no cineangiographic evidence of 

- nary arteriograms in 3 patients revealed similar features arterial compression during systole. 

— (Fig. 2 and 3). The LM coronary artery arose from the The initial course of the LM coronary artery in the 
proximal right coronary artery in case 2 and in the RAO projection (Fig. 2A and 3A) was forward and 

- others by adjacent but separate orifices. In case 1 there downward, followed by an upward and leftward curve 
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. FIGURE 3. Case 4. Selective left coronary arteriograms in the right anterior oblique (A), left anterior oblique (B), cranially tilted left anterior oblique 
(С) and left lateral (D) projections. The septal coursing left main coronary artery (L) arises (arrow) from the anterior aortic sinus immediately adjacent 
to the right coronary (R) orifice, begins to curve leftward around the aortic root, but soon passes forward and leftward, forming a caudal anterior 
_ loop in the floor of the right ventricular outflow tract. The anterior descending branch (a) is small and the largest diagonal branch (d) arises from 
. the proximal left circumflex (cx) running backward in the anterior interventricular groove. Conus branches (c) show the position of the free wall 
. of the right ventricular outflow tract. Asterisk indicates catheter. s — septal branch. 
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to its bifurcation in the anterior interventricular groove. 
The artery thus described a caudal anterior loop as it 
traversed the septum in the floor of the right ventricular 
outflow tract and gave origin to a series of septal 
branches. In the shallower (nearer frontal) left anterior 
oblique (LAO) projections (Fig. 2B), the caudal and 
leftward curve was well displayed and in the steeper 
LAO (Fig. 3B) and lateral (Fig. 3D) projections it was 
foreshortened. The whole course of the LM coronary 
artery was well below and anterior to the pulmonic 
valve. Cranial tilting in steep LAO (Fig. 3C) or lateral 
(Fig. 2C) projections was helpful in avoiding superim- 
position of the proximal and distal parts of the LM 
coronary artery. After the LM bifurcation, the anterior 
descending artery ran a normal course in the anterior 
interventricular groove, while the initial part of the left 


circumflex artery retraced the normal pathway of a: 


proximal anterior descending artery to reach the normal 
site of a left main bifurcation in the atrioventricular 
groove behind, below and to the left of the pulmonic 
valve. From there, it assumed the normal course of the 
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left circumflex artery. In the RAO projection, the initial 4 


part of the left circumflex artery looped back at a higher 
level than the LM coronary artery. 
At prior left ventricular cineangiocardiography in the 


RAO projection (Fig. 2D), a characteristic coronary — - 
arterial pattern could be recognized in each case, the  - 
caudal anterior curve of the LM coronary artery forming — 
the inferior limb of a loop. The upper limb of the loop | 
was formed by the initial part of the left circumflex _ 
artery. This characteristic appearance at left ven- - 
triculography and aortography allowed the peas E 
to be made in case 1 without selective coronary 


arteriograms. 










Anomalous origin of the left main coronary artery к 


from the right anterior aortic sinus with interarterial | 


course (1 case): Selective coronary arteriograms (Fig. 


4A, B and C) showed the right coronary artery and an E 


anomalous LM coronary artery arising by separate or- - 
ifices from the right anterior aortic sinus. The initial | 





FIGURE 4. Case 5. Selective left coronary arteriograms in right anterior oblique (A), left anterior oblique (B) and left lateral (C) projections, and 
left ventriculogram in right anterior oblique projection (D). The interarterial coursing left main coronary artery (L) arises from a separate orifice 


(arrow) in the anterior aortic sinus (AS). It passes upward, backward and leftward between the aorta and pulmonary artery, forming a cranial posterior 
loop to reach its normal position before dividing into anterior descending (a) and circumflex (cx) branches. The proximal portion of the left main _ 


coronary artery in panel D is close to the margin of the AS. d — diagonal branch; s — septal branch. 
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course of the LM coronary artery was upward and 
leftward from its orifice, curving close to the anterior 
margin of the aortic root, to pass between the pulmo- 
nary trunk and aorta, forming a cranial posterior loop 
on its way to reach the position of a normal LM coronary 
artery origin. Thus, in the RAO view (Fig. 4A), the ini- 
tial course was essentially end-on and upward and then 
backward, whereas in the LAO and lateral views (Fig. 


- 4B and C) it was seen to pass immediately leftward and 
backward with an upward convex curve. The LM cor- 


onary artery then followed a normal forward and left- 


ward curve to its bifurcation, and the anterior de- 
scending and left circumflex arteries showed normal 


orientation. There was no radiologic suspicion of com- 
pression of the LM coronary artery. 

At left ventriculography in RAO projection (Fig. 4D) 
the presence of this anomaly was difficult to assess be- 





cause its initial course was partly superimposed on the 
aortic root and the appearance resembled normal. 
Anomalous origin of the left main coronary artery 
from the right anterior aortic sinus with anterior free 
wall course: No cases of this anomaly were found in our 
files. However, there were cases of anomalous origin of 
the anterior descending artery running this course in 
patients with congenital heart disease, and in 1 case 
investigated for ischemic heart disease (Fig. 5). The 
initial course of the artery is similar to the course of the 
normal conus branches of the proximal right coronary 
artery. In the RAO projection (Fig. 5A) the artery passes 
forward and upward and in LAO (Fig. 5B) and lateral, 
the initial course is rightward, forward and upward. 
The artery then turns downward to reach the anterior 
interventricular groove, its whole path over the free wall 
of the right ventricular infundibulum near the pulmonic 





` FIGURE 5. Selective anterior descending coronary arteriogram in right anterior oblique (A) and left anterior oblique (B) projections and left ventric- 


ulogram in right anterior oblique projection (C). The anterior descending artery (a) arises from a separate orifice adjacent to the right coronary (R) 
orifice, and forms a cranial anterior loop, giving rise to conal (c) and other free wall branches as it passes over the free wall of the right ventricular 
infundibulum near the pulmonary valve. Close to its origin it gives rise to a tiny septal artery (s), which forms the initial part of a caudal anterior loop 
in the floor of the right ventricular outflow tract. A small branch (arrow) passes back in the ventricular groove to supply “proximal” diagonal branches 
(d). The left circumflex artery in this case arose from the left sinus of Valsalva. Asterisk indicates catheter. 
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FIGURE 6. Selective left circumflex arteriograms in right anterior oblique (A) and left anterior oblique (B) projections and left ventriculogram in 
right anterior oblique projection (C). The left circumflex artery (cx) arises from the right coronary artery (В) close to its orifice. It follows a retro-aortic 
- course forming a caudal posterior loop readily identified at left ventriculography behind and below the non-coronary aortic sinus (N). The sinus nodal 
artery (sn) arises from the anomalous cx. The left anterior descending artery (a) arises from the left coronary sinus of Valsalva and runs a normal 


course. Asterisk indicates catheter. 
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valve describing a cranial anterior loop, from which 
conus branches arise. 

At left ventriculography in RAO projection (Fig. 5C), 
the anterior free wall course of the anomalous artery can 
usually be recognized because the vessel runs a higher, 
more anterior course than normal LM and anterior 
descending arteries (Fig. 6C). 

Anomalous origin of the left main coronary artery 
from the right anterior aortic sinus with retro-aortic 
course: No case of this anomaly was found. However, 
there were numerous cases of anomalous origin of the 
left circumflex from the right coronary artery (Fig. 6), 
which runs the same course. The initial course of the 
anomalous artery is posterior and downward, as shown 
in the RAO projection (Fig. 6A). It then curves leftward 
around the aortic root just beneath the aortic valve as 
shown in LAO (Fig. 6B) to reach a normal position be- 
hind and beneath the pulmonic valve. The anomalous 
artery describes a caudal posterior loop, and may give 
rise to atrial branches. 

At left ventriculography in RAO projection (Fig. 6C) 
the end-on anomalous vessel can be identified behind 
and below the noncoronary sinus.14!5 

Review of published cases: Previous reports of 
anomalous origin of the LM coronary artery from the 
right anterior aortic sinus or proximal right coronary 
artery included cases showing 24 arteries in which the 
angiographic illustrations allowed us to form an opinion 
regarding the course of the anomalous artery or arte- 
ries,4-9.10-13,15,18,19 including cases where the anterior 
descending and left circumflex arteries both arose from 
the right anterior sinus but ran different courses. By our 
criteria, the septal course has been most frequently il- 
lustrated, being shown by 12 arteries, while 6 ran a 
retro-aortic course and 3 each ran anterior free wall or 
interarterial courses. The 12 arteries reassessed as run- 
ning septal courses had been described by the authors 
as interarterial (9), free wall (2) or retro-aortic (1). 


Discussion 


'The terms we have chosen to distinguish the 4 path- 
ways are unambiguous. We classify as *interarterial" 
cases in which the artery is believed to run between the 
aortic root and the right ventricular infundibulum at 
pulmonic valve level.7:5.1? 

In studying the initial course of the anomalous left 
main coronary artery, it is important to note all 3 com- 
ponents of its direction relative to the sagittal, coronal 
and transverse body planes (left-right, anteroposterior 
and cranial-caudal), making at least 2 views necessary. 
Because the RAO view best separates the normally 


FIGURE 7. Angiographic appearances in right anterior oblique (A, C, 
E, ©, 1) and left anterior oblique (B, D, Е, Н, J) projections of the left main 
coronary artery, most of its anterior descending branch and the proximal 
part of its left circumflex branch. Normal origin and course (A, B) are 
shown to compare with anomalous origin from the anterior aortic sinus 
with anterior free wall course (C, D) showing a cranial anterior loop, 
septal course (E, F) with a caudal anterior loop, interarterial course (G, 
Н) with a cranial posterior loop, and retro-aortic course (1, J) with a 
caudal posterior loop. For orientation the left ventricle and aortic valve 
(continuous line) and the right ventricle and pulmonary valve (interrupted 
line) are shown. Septal branches of the left main coronary artery are 
indicated in (E, F). 
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positioned aortic and pulmonic valves, the RAO and s I 


LAO projections are likely to be most informative. In 


Figure 7 the arteriographic appearances in these views — — 


are shown in their anatomic context. In summary, a 







caudal anterior loop indicates a septal course, whereas — 


a caudal posterior loop indicates a retro-aortic course. 
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сгапїа1 ап{егїог loop is seen with а an anterior free wa 
+ urse, while a cranial posterior loop is seen with an 
"A _interarterial course. 

Ж ` We consider a caudal initial loop incompatible with 
an interarterial course!? because the pulmonic valve is 
— normally too high (cranial) i in relation to the aortic root. 
x n interarterial course is therefore likely to loop cra- 
. nially or remain horizontal and may well be confused 
OM _ with an anterior free wall course if insufficient infor- 
А p ation is available. A caudal initial loop can be retro- 
| aortic or septal, these 2 possibilities being readily dis- 
` tinguished by the RAO view. The presence of septal 
Be branches may indicate a septal course even if only the 
LAO view is available. In fact, the initial course of a 
septal anomalous vessel is similar to that of the com- 
E. Eu seen though usually small septal artery arising 
4 from the anterior aortic sinus or proximal right coronary 

1 artery. 20,21 

A low coursing anterior free wall vessel could theo- 
1 retically resemble a septal course in RAO view but the 
` LAO or lateral views would readily distinguish them by 
showing the anterior or even rightward component of 
| P b. the initial anterior free wall course. In our case 1, the 
` anomalous LM coronary artery showed no parallax 
` motion compared with the superior margin of the left 
| p^ ventricle, but showed marked parallax compared with 
` a conus branch on the right ventricular free wall, con- 
{ 2 пе the septal course of the anomalous artery 
_ though only RAO views were available. 

When using cranially or caudally tilted projections, 
| care must be taken to allow for the effect of this on the 
apparent course of the artery. Cranial angulation i in 
1 lateral or LAO (Fig. 2C and 3C) may assist in distin- 
. guishing a septal course by projecting the proximal part 
» of the anomalous vessel further clear of the aortic root 
к! а would be compatible with ап interarterial or 
* retro-aortic course, and by opening out the loop to reveal 
= the septal branches. 

; E. . Although we have no morphologic confirmation of the 
__ anomalous course in our cases, we believe that the cri- 
pe we have described when applied to adequate 
` . demonstrations of the vessels at arteriography in RAO 
and LAO or lateral projections, leave no room for doubt 
A ав to their course on basic anatomic grounds. Further- 
_ more, the septal course in morphologic descriptions i is 
B not гаге,!6 giving indirect support to our opinion that 
24 dti 18 frequently present but not recognized. In 1 case of 
: p. anomalous anterior descending artery origin from the 
terior aortic sinus, Kimbiris et al!^ recognized that 
“the anomalous artery passed “beneath the right ven- 
ricular outflow, presumably intramyocardially,” and 
ES Figure 4 shows the appearances we have described 
A ` here for a septal course of the left main coronary 
E p 
= Precise delineation of the mode of origin of an 
anomalous artery in addition to its course may be of 
"value A sharply angled takeoff of a coronary artery*®22 
DA sometimes with an intramural initial course,” may 
P ` explain the high incidence of ischemia and sudden death 
E as ssociated with the interarterial course of anomalous 
"T “LN . coronary artery. The septal coursing anomalous 
_ vessel is unlikely to show such origin deformities, ex- 
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(leds. y onini VERS origin of the retro- acid) | 
anomalous LM from the right coronary artery!! is likely 


to be safer than origin directly from the aortic sinus.!4 
Rare cases of sudden death with septal coursing 
anomalous LM coronary artery* may be a result of 
muscular compression with rapid heart rates as has been 
suggested in patients with symptomatic muscle bridging 
across normally arising anterior descending arteries.23-25 
The clinical and angiographic features of our 5 cases 
suggest that the anomalous pathway was not the cause 
of clinical problems. 


23. 


24. 
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` < “Introducing the Telectronics Model 2401, 
the analyzer that analyzes... 
and measures. . .and tests. . .and checks." 





New from Telectronics, the compact Model 2401 is the first 


»processor-based analyzer to provide four functions for Like a MiniClinic? . . . After implant, the Patient Check 3 
single or dual chamber pacing. The Lead System Analyzer, Function measures parameters non-invasivel | 
intable Pulse Generator Testing, Patient Check, and Tem- Е T 1 


у External Stimulation during implant procedures, all can 
formed by this accurate device. 


Parameters such as rate, 
basic interval, A/V 
delay, V/A interval and 
pulse width are deter- 
mined from surface ECG 
artifacts through the use 
of fingertip electrodes. 


i х The system automatically 
Lead Pacing System Analyzer automatically measures recognizes either ШИ 


igrade conduction, as well as capture thresholds, or dual chamber С 
ed signal amplitudes, and lead impedance. 


nically Sophisticated. . . yet designed for easy use. 
digital display windows enable simultaneous viewing of pacer 
iting conditions and selection of pacer parameters. Easy opera- 
is further enhanced by dedicated function keys, and a finger 
ol wheel which allows quick cycling through selected pacing 
neters. 
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Just in case. . .the Model 2401 " 
may be used as a temporary 
external stimulator during à 
implant and testing procedures. 


During implant 
procedures, when time is 
of the essence, the Model 
2401 will quickly measure 
these parameters and 
more. Unique applications 
include simultaneous 
atrial and ventricular 
lead impedance testing, 

in automatic digital display of retrograde conduction and 
rate pacing for overdrive. 


Functioning either as a single or 
dual chamber device, a full range — 
of pacing modes and parameters 

may be selected. 





The Model 2401 four function analyzer. . . designed to 
meet the demands of advanced pacing at a cost effective 
price. 

Four functions in one unit eliminates the need of purchasing 
multiple diagnostic equipment. 


plete testing of the permanent pulse generator may 
»ne prior to implanting. 


The Implantable Pulse k д 
Generator (IPG) Test Easy to use pacing systems | 
Function of the Model In addition to the Model 2401 Analyzer, Telectronics offers a 

2401 measures the full complete line of quality pacing products. . . 


including pulse generators, hand held 
programmers, UNIVERSAL'" 

printers, and the LASERPOR® 
series of pacing leads. 


range of parameters 
automatically. These 
parameters include A&V 
refractory periods, 
minimum rate, mode, 
resis, sensitivities, basic interval, amplitude, pulse widths, 
nterval, A/V delay, and maximum rate. 
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“When it comes to cardiovascular 
medicine, I like to know exactly „ 
what my patients are swallowing. 


There are doctors who say that generic drugs have a place in their 
practice—but not necessarily in the treatment of serious or potentially 
life-threatening disease. And when they consider that the average 
patient pays only about 45€ a day for INDERAL (propranolol НСІ) 
Tablets, there’s not much left to discuss. 


When it’s INDERAL Tablets you want for the treatment of hyperten- 
sion, angina, arrhythmias, or post-MI patients, make sure you specify 
“Dispense As Written” (DAW), “Do Not Substitute,’ or whatever is 
required in your State. That way, you'll know exactly what your 
patients will get. 


Please see next page for brief summary of prescribing information. 


INDERAL --- 


BRAND OF PROPRANOLOL H 


Small price to pay. 
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"When it comes to cardiovascular 
medicine, I like to know exactly E 
what my patients are swallowing. 


INDERAL-- 


BRAND OF PROPRANOLOL HCI 


9) GD CO QD 


10mg 20mg 40mg 60mg 80mg  90mg* 





E | _ BRIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR.) 


f a | INDERAL* (propranolol hydrochloride) Tablets 


аР CONTRAINDICATIONS 
p 5 INDERAL is contraindicated in 1) cardiogenic shock, 2) sinus bradycardia and greater than 
$7 first degree block, 3) bronchial asthma, 4) congestive heart failure (see WARNINGS) unless 


n. the failure is secondary to a tachyarrhythmia treatable with INDERAL. 
dis i WARNINGS 


o - CARDIAC FAILURE: Sympathetic stimulation may be a vital component supporting circula- 
<. tory function in patients with солозаше heart failure, and its inhibition by beta blockade may 
| — precipitate more severe failure. Although beta blockers should be avoided in overt conges- 
|... tive heart failure, if necessary they can be used with close follow-up in patients with a history 
¬ . ef failure who are well compensated and are receiving digitalis and diuretics. Beta- 

h; . adrenergic blocking agents do not abolish the inotropic action of digitalis on heart muscle. 
INPATIENTS WITHOUT A HISTORY OF HEART FAILURE. continued use of beta blockers 
—. сап, in some cases, lead to cardiac failure. Therefore. at the first sign or symptom of heart 

~ — failure, the patient should be digitalized and/or treated with diuretics, and the response 
observed closely or INDERAL should be discontinued (gradually, if possible). 


_ IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 

- angina and, in some cases. myocardial infarction, followin abrupt discontinuance of 

_ INDERAL therapy. Therefore, when discontinuance of INDERAL is planned the dosage 
should be gradually reduced over at least a few weeks and the patient should be cau- 

_ tioned against interruption or cessation of therapy without the physician's advice. If 

_ INDERAL therapy is interrupted and exacerbation of angina occurs, it usually is advis- 
able to reinstitute INDERAL therapy and take other measures appropriate for the man- 

| agement of unstable angina pectoris. Since coronary artery disease may be 

| unrecognized, it may be prudent to follow the above advice in patients considered at risk 


of having occult atherosclerotic heart disease who are given propranolol for other 
indications. 


а. пее Bronchospasm (e.g., chronic bronchitis, emphysema)— PATIENTS WITH 
_ BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA BLOCKERS. 
— -INDERAL should be administered with caution since it may block bronchodilation produced 
ae by endogenous and exogenous catecholamine stimulation of beta receptors. 
__ MAJOR SURGERY: The necessity or desirability of withdrawal of beta-blocking therapy 
М. prior to major surgery is controversial. It should be noted, however, that the impaired ability of 
... the heart to respond to reflex adrenergic stimuli may augment the risks of general anesthesia 
- . and surgical procedures. 
_ INDERAL. like other beta blockers, is a competitive inhibitor of beta-receptor agonists and 
` . its effects can be reversed by administration of such agents, e.g., dobutamine or ISOpro- 
. terenol. However, such patients may be subject to protracted severe hypotension. Difficulty in 
starting and maintaining the heartbeat has also been reported with beta blockers. 
— DIABETES AND HYPOGLYCEMIA: Beta-adrenergic blockade may prevent the appear- 
. ance of certain premonitory signs and symptoms (pulse rate and pressure changes) of acute 
hypoglycemia in labile insulin-dependent diabetes. In these patients, it may be more difficult 
` to eve the dosage of insulin. 
__ THYROTOXICOSIS: Beta blockade may mask certain clinical signs of hyperthyroidism. 
. Therefore. abrupt withdrawal of propranolol may be followed by an exacerbation of symp- 
. toms of hyperthyroidism, including thyroid storm. Propranolol does not distort thyroid function 
t 


tests. 
— IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been 
. reported in which, after propranolol, the tachycardia was replaced by a severe bradycardia 
{ requiring a demand pacemaker. In one case this resulted after an initial dose of 5 mg 
` propranolol. 
SUN . PRECAUTIONS 
| General: Propranolol should be used with caution in patients with impaired hepatic or renal 
_ «function. INDERAL is not indicated for the treatment of hypertensive emergencies. 
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Beta-adrenoreceptor blockade can cause reduction of intraocular pressure. Patients 
should be told that INDERAL (propranolol hydrochloride) may interfere with the glaucoma 
screening test. Withdrawal may lead to a return of increased intraocular pressure. 

Clinical Laboratory Tests: Elevated blood urea levels in patients with severe heart disease, 
elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase. 

DRUG INTERACTIONS: Patients receiving catecholamine-depleting drugs such as reser- 
pine should be closely observed if INDERAL is administered. The added catecholamine- 
blocking action may produce an excessive reduction of resting sympathetic nervous activity - 
which may result in hypotension, marked bradycardia, vertigo, syncopal attacks, or ortho- 
static hypotension. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term studies in animals have 
been conducted to evaluate toxic effects and carcinogenic potential. In 18-month studies in 
both rats and mice, employing doses up to 150 mg/kg/day there was no evidence of signifi- 
cant drug-induced toxicity There were no drug-related tumorigenic effects at any of the dos- 
age levels. Reproductive stucies in animals did not show any impairment of fertility that was 
attributable to the drug. 

Pregnancy: Pregnancy Category C. INDERAL has been shown to be embryotoxic in animal 
studies at doses about 10 times greater than the maximum recommended human dose. 

There are no adequate and well-controlled studies in pregnant women. INDERAL should 
be used during pregnanc oniy if the potential benefit justifies the potential risk to the fetus. 

Nursing Mothers: INDERAL is excreted in human milk. Caution should be exercised when 
INDERAL is administered to a nursing woman. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 
Mon adverse effects have been mild and transient and have rarely required the withdrawal of 
therapy 

Cardiovascular: bradycardia; congestive heart failure; intensification of AV block; hypoten- 
sion; paresthesia of hands; thrombocytopenic purpura, arterial insufficiency usually of the 

Raynaud type. 

Central Nervous System: Lightheadedness: mental depression manifested by insomnia, 
lassitude, weakness, fatigue; reversible mental depression progressing to catatonia; visual 
disturbances; hallucinations; an acute reversible syndrome characterized by disorientation 
for time and place, short-term memory loss, emotional lability slightly clouded sensorium. 
and decreased performance on neuropsychometrics. 

Gastrointestinal: nausea, vomiting, epigastric distress, abdominal cramping, diarrhea, 
constipation, mesenteric arterial thrombosis, ischemic colitis. 

Allergic: pharyngitis and agranulocytosis, erythematous rash, fever combined with aching 
and sore throat, laryngospasm and respiratory distress. 

Respiratory: bronchospasm. 

Hematologic: agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic 
purpura. 


са In extremely rare instances, systemic lupus erythematosus has been‏ ا 
reported.‏ 

Miscellaneous. alopecia, LE-like reactions, psoriasiform rashes, dry eyes, male impo- 
tence, and Peyronie's disease have been reported rarely. Oculomucocutaneous reactions 
involving the skin, serous membranes and conjunctivae reported for a beta blocker (practo- 
lol) have not been associated with propranolol. 

*The appearance of INDERAL tablets is a registered trademark of Ayerst Laboratories. 
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You may know the concern 
over ECG misinterpretation that 
several pacing experts have voiced 
in recent clinical articles (1-8). 
But thanks to the unique 
Marker Channel" recording, 
Medtronic's Symbios" 
pacemakers aren't 
part of this problem; 
they're a significant 
part of the solution. 

Simply put, Marker 

Channel telemetry 

١ makes pacemaker ECG 
interpretation faster, easier 
and more accurate. 

With distinct marks 
and annotation, Marker 
Channel ECG recording 

clearly identifies whether 

the ventricular (V) and 

atrial (A) events were sensed 
(S) or paced (Р). 

This simplifies your evalu- 
ation of intrinsic atrial and 
ventricular activity as well as appro- 
priately programmed pacemaker 
function. It helps prevent potential 
misdiagnosis by disclosing events 
such as spontaneous atrial depolar- 
izations and pacemaker output 
pulses that may not be discernible 
on the ECG alone. 

This helps you quickly deter- 
mine whether the pacemaker is 
programmed to the proper settings 
and functioning correctly. 

That is, it will if the pacemaker 
is a Symbios, because no other 
pacing system offers Marker Channel 
recording telemetry. 

Reasons enough, we think, to 
ask your nearest Medtronic represen- 
tative about this significant advance. 
And find out how, once again, he or 
she can make your life much easier. 


Medtronic [5 


People making life easter 






е. 3 


This ECG appears to represent normal DDD pacing. The P-R interval varies slightly 
so that occasional pacing (fusing) 15 seen. | 
The Marker Channel" however, reveals intermittent atrial sensing: P-Waves 
seen on the ECG are not always accompanied by an atrial sense ("AS") marker pulse. 
Marker Channel ECG interpretation enables you to proceed quickly to corrective 
measures, such as reprogramming atrial sensitivity or repositioning the atrial lead. 
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OPLASTIC DISC 
О erdes in Manageme 





Derived from a symposium sponsored by the Infectious 
Disease Service, Department of Medicine and the 
Department of Pediatrics, Memorial Sloan-Kettering 
Cancer Center, New York City, and Cornell University 
Medical College, New York City, this book presents the 
latest thinking by international authorities, all of whom 
were invited to present findings in their area of expertise 
on the diagnosis. treatment, and prevention of various 
bacterial, fungal, viral, and parasitic infections presenting 
` in patients with neoplastic disease. 

This is not just another "proceedings" volume. Rather 
it is an edited work, with papers by investigators who 
submitted definitive preparations for publication. Further- 
more, the authors take a strong position on their topics, 
ask probing questions and promote a stimulating forum 
of controversy. 

The result is a concise, dynamic study that belongs in 
the professional library of every physician treating 

patients with neoplastic disease. 
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FECTIOUS CC 
OF NEOPLASTIC DISEASE 


Controversies in Management 


Edited by Arthur E. Brown, MD, and Donald Armstrong, MD 
0-914316-43-5, approx. 400 pp., Oct. 1984, $40.00 casebound 
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Yorke Medical Books 
Box c-757, Brooklyn, NY 11205 


Please send me copy(s) of Infectious 
Complications of Neoplastic Disease Controversies in 
Management (00040) $40.00 
О Enclosed is my check for 
handling. Yorke pays postage. 
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Card no. 





Signature Exp. date 
О Please bill me plus postage and $1.50 handling 
(U.S. and Canadian orders only) 


Name іі 


Address . ————————————————— 
tr VPE аз Бы ees! ii 
Subscribers in the following states please include applicable sales tax: CA, CT, GA, 
IL, MA, MI, NY, OH, PA, TX. All foreign orders must be prepaid in U.S. funds with a 


check drawn on a U.S. bank or charged to a credit card. Please add $5.00 per 
book for all orders to be shipped outside the U.S. and Canada. 
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THE MEDTRONIC? (via skin electrodes) rate and pulse 
SYMBIOS" SYSTEM Жы ае AV деа iy Ao 
Intended Use implanted pacemaker and to receive 
Intended Use i E os" Models telemetered information from those 
7005/7006 dual-chambered, multi. implanted pacemakers which are 
modal pulse generators have a SO ешр, rs 
wide range of pacing applications, Ph For iex шола, write: 
depending on which pacing mode М ysician information Services, 
is sel . In the AV universal edtronic, Inc. Business/ 
(DDD) and AV sequential (DVI) jechnalogy Center T246- PO. Box 

acing modes, they are intended for кш TOI 
ier ее E contra of Or call: 1-800-328-2518, ask for 
heart rate in patients where the Education Department. 
restoration of A:V synchrony is References 
indicated to improve cardiac output 1. Kruse, I., Markowitz, T., 
or to protect against arrhythmias and Ryden, L.: Timing Markers 
related to the sequence of cardiac Showing Pacemaker Behavior to 

. impulse propagation. In the Aid in the Follow-up of a Physio- 
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utients with essential 
hypertension may have . 
exaggerated sympathetic 
ner vous system responses 
fo everyday stresses. ' 
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Catapres 
(clonidine НС) 
Hypertension 


Catapres' 


(clonidine hydrochloride) 
Tablets of 0.1, 0.2, 0.3 mg 


Indication: The drug is indicated in the treatment of hypertension. As an anti- 
hypertensive drug, Catapres (clonidine hydrochloride) is mild to moderate in po- 
tency. It may be employed in a general treatment program with a diuretic and/or 
other antihypertensive agents as needed for proper patient response. 


Warnings: Tolerance may develop in some patients necessitating a reevalua- 
tion of therapy. 

Usage in Ai dd In view of embryotoxic findings in animals, and since 
information on possible adverse effects in pregnant women is limited to uncon- 
trolled clinical data, the drug is not recommended in women who are or may 
become sag АА unless the potential benefits outweigh the potential risk to 
mother and fetus. 

Usage in Children: No clinical experience is available with the use of Catapres 
(clonidine hydrochloride) in children. 


Precautions: When discontinuing Catapres (clonidine hydrochloride), reduce 
the dose gradually over 2 to 4 days to avoid a possible rapid rise in blood 
pressure and associated subjective symptoms such as nervousness, agitation, 
and headache. Patients should be instructed not to discontinue therapy without 
consulting their physician. Rare instances of hypertensive encephalopathy and 
death have been recorded after cessation of clonidine hydrochloride therapy. A 
causal relationship has not been established in these cases. It has been 
demonstrated that an excessive rise in blood pressure, should it occur, can be 
reversed by resumption of clonidine hydrochloride therapy or by intravenous 
phentolamine. Patients who engage in potentially hazardous activities, such as 
operating machinery or driving, should be advised of the sedative effect. This 
drug may enhance the CNS-depressive effects of alcohol, barbiturates and 
other sedatives. Like any other agent lowering blood pressure, clonidine hydro- 
chloride should be used with caution in patients with severe coronary insuffi- 
penoy; recent myocardial infarction, cerebrovascular disease or chronic renal 
ailure. 

As an integral part of their overall long-term care, patients treated with 
Catapres (clonidine hydrochloride) should receive periodic eye examinations. 
While, except for some dryness of the eyes, no drug-related abnormal 
ophthalmologic findings have been recorded with Catapres (clonidine hydro- 
chloride), in several studies the drug produced a dose-dependent increase in the 
incidence and severity of spontaneously occurring retinal degeneration in al- 
bino rats treated for 6 months or longer. 


Adverse Reactions: The most common reactions are dry mouth, drowsiness 
and sedation. Constipation, dizziness, headache, and fatigue have been re- 
ported. Generally these effects tend to diminish with continued therapy. The 
following reactions have been associated with the drug, some of them rarely. (In 
some instances an exact causal relationship has not been established.) These 
include: Anorexia, malaise, nausea, vomiting, parotid pain, mild transient abnor- 
malities in liver function tests; one report of possible drug-induced hepatitis 
without icterus and hyperbilirubinemia in a patient receiving clonidine hydro- 
chloride, chlorthalidone and papaverine hydrochloride. Weight gain, transient 
elevation of blood glucose, or serum creatine phosphokinase; congestive heart 
failure, жо ney phenomenon; vivid dreams or nightmares, insomnia, other 
behavioral changes, nervousness, restlessness, anxiety and mental de- 
pression. Also rash, angioneurotic edema, hives, urticaria, thinning of the hair, 
pruritus not associated with a rash, impotence, urinary retention, increased 
sensitivity to alcohol, dryness, itching or burning of the eyes, dryness of the 
nasal mucosa, pallor, gynecomastia, weakly positive Coombs test, asymptoma- 
tic electrocardiographic abnormalities manifested as Wenckebach period or 
ventricular trigeminy. 


Overdosage: Profound hypotension, weakness, somnolence, diminished or 
absent reflexes and vomiting followed the accidental ingestion of Catapres 
(clonidine hydrochloride) by several children from 19 months to 5 years of age. 
Gastric lavage and administration of an analeptic and vasopressor led to 
complete recovery within 24 hours. Tolazoline in intravenous doses of 10 mg at 
30-minute intervals usually abolishes all effects of Catapres (clonidine hydro- 
chloride) overdosage. 


How Supplied: Catapres, brand of clonidine hydrochloride, is available as 0.1 
mg (tan) and 0.2 mg (orange) oval, single-scored tablets in bottles of 100 and 
1000 and unit dose package of 100. Also available as 0.3 mg (peach) oval, 
single-scored tablets in bottles of 100. 
or complete details, please see full prescribing information. 
Under license from Boehringer Ingelheim International GmbH 
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1. Pioneering Research in Hypertension: The Role of the Sympathetic Ner- 
vous System, film and monograph, Boehringer Ingelheim Ltd., 1982. 
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Small Left Atrium and Change in Contour of the Ventricular 
Septum in Total Anomalous Pulmonary Venous Connection: 
A Morphometric Analysis of 22 Infant Hearts 


GLENN C. ROSENQUIST, MD, JOSEPH L. KELLY, MD, ROMA CHANDRA, MD, 
ROGER N. RUCKMAN, MD, FRANK M. GALIOTO, Jr., MD, FRANK M. MIDGLEY, MD, 
and LEWIS P. SCOTT, MD 


Morphometric measurements of 22 hearts with total 
anomalous pulmonary venous connection (TAPVC) 
were compared with measurements of 8 matched 
control specimens without heart disease. Each of 
the TAPVC specimens had a shorter left atrium, 
smaller left atrial surface area and larger diameter 
of the fossa ovalis. In addition to increased length 
of the right ventricle and larger circumferences for 
tricuspid and pulmonary valve anuli, the left ven- 


In infants with total anomalous pulmonary venous 
connection (TAPVC), the pulmonary venous blood is 
returned to the right side of the heart directly or 
through connections to the systemic veins or coronary 
sinus. Pulmonary hypertension may be present from 
excess pulmonary flow or pulmonary venous obstruc- 
tion, and may lead to congestive failure associated with 
dilatation and hypertrophy of the right atrium, right 
ventricle and pulmonary artery. 

Angiographic and pathologic studies of the heart in 
TAPVC reveal that the left atrium and ventricle are 
smaller than the right atrium and ventricle, and may be 
hypoplastic compared with normal.!-!4^ Surgeons es- 
tablishing pulmonary vein to left atrial continuity in 
infants with TAPVC have related some of the postop- 
erative morbidity and mortality to low capacitance of 
the left atrium and left ventricle.!?-?! Because of this 
and recent echocardiographic reports of ventricular 
septal morphologic characteristics in TAPVC and other 
causes of right ventricular hypertension and hypertro- 
phy,2??6 an anatomic description of the left atrium and 


From the Department of Child Health and Development, George 
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the Children's Hospital National Medical Center, Washington, D.C. 
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tricular contour of the ventricular septum was flat 
or convex in 18 of the 22 hearts; the septum was 
significantly longer than normal in these specimens 
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and wider at its midportion. Because mitral and - 


aortic valve anuli were normal in circumference, the 


data suggest that left ventricular volume is not de- - 


creased despite change in ventricular shape. 


(Am J Cardiol 1985;55:777-782) - 


left ventricle is important. In this morphometric study 


of 22 heart specimens from infants with TAPVC, we - 


compare cardiovascular morphometrics with normal 


heart specimens matched by age, crown-heel length and _ 


brain weight. 


Methods 


A review of the collection of congenitally malformed hearts 


at Children's Hospital National Medical Center yielded 22 


specimens with TAPVC in which the pulmonary venous re- - 
turn could be traced through its anastomotic connections in - 


the chest or abdominal cavities. All specimens were without 
heterotaxy or other forms of congenital heart disease; all but 
2 patients had died before 1974. In 11 hearts the common 
pulmonary vein drained into the superior vena cava through 
a vertical vein; in 4 the drainage was through the coronary 
sinus; in 7 the drainage was infradiaphragmatic to the inferior 
vena cava, the portal vein or the ductus venosus. Eight hearts 
were from infants who died within 48 hours of surgical cor- 
rection; 7 had died before 1974. One specimen had had a 
Rashkind septostomy. All had been fixed by floating in for- 
malin without being perfused; ventricular shape was not dis- 
torted by the fixation process or the surgical correction in the 
8 patients who died postoperatively. 

Identically fixed cardiac specimens from infants who died 
of noncardiac causes were matched against hearts with 
TAPVC on the basis of age, crown-heel length and brain 
weight (Table I). The match for brain weight was included to 
help correct for retardation of body growth that often ac- 
companies TAPVC. 
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following measurements were made in all 30 specimens (Fig. 
1, Table I): diameters of the venae cavae at their point of entry 
into right atrium and fossa ovalis; circumferences of tricuspid, 
mitral, pulmonary and aortic valves; lengths of right ventricle 
from apex to the base of the septal cusp of the tricuspid valve 
and from apex to the base of the left cusp of the pulmonary 
valve, left ventricle from apex to the base of the non-cor- 
onary cusp of the aortic valve and from apex to the base of the 
anterior cusp of the mitral valve, and left atrium between the 
base of the anterior cusp of the mitral valve and the roof of the 
chamber along an axis parallel to the atrial septum; width of 
left ventricle midway along its vertical height (point of max- 
imum ventricular circumference,® also defined as width of the 
ventricular septum); thickness of the free wall of right and left 
atria at smooth (sinus) portions, ventricular septum midway 
along its vertical height, right ventricular free wall at a point 
opposite the moderator band, and free wall of left ventricle 
at a point of maximal circumference between the papillary 
muscles. Surface area of an atrial chamber was measured by 
pressing the inner surfaces of the appendage and smooth sinus 
portions against a piece of plate glass, marking the margins 
and valve anuli on the opposite side of the glass, transferring 
the image to tracing paper (Fig. 2) and digitizing with a 
Summagraphics data tablet. Values were rounded to the 
nearest 0.1 mm. The ratio of left to right atrial surface area 
was assumed to approximate the ratio of left atrial to right 
atrial size. 

Thicknesses were measured with a Fowler micrometer; 
values were rounded to the nearest 0.1 mm. Lengths and cir- 
cumferences were measured with needlepoint dividers and 
a millimeter rule, with values rounded to the nearest milli- 
meter. Aortic and pulmonary valve circumferences were 
measured along the ridge at the distal margin of the sinus of 
Valsalva. Diameters were measured with a graduated cone 
calibrated to millimeter increments. All measurements were 
taken independently by 2 observers; because they did not vary 
by more than 5%, they were averaged. 

The contour of the ventricular septum was judged after 
arranging the opened chamber much as it would have been in 


FIGURE 1. Location of the measurements characterizing г 
cardiovascular morphometry of 8 normal specimens апа o: 
22 specimens with total anomalous pulmonary venous TFWRA s E 
connection. Abbreviations as in Table |. ` j 5 
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Esso En at point of; maximum Wd eeu ove - 
et al,® Fig. 3). Two observers independently graded the d 
as being 2+ concave, 1+ concave, flat, 1+ convex or 2+ А 
convex. There was perfect observer agreement in judging 1 the - 1 
contour. | Я 
All data were analyzed statistically using independent tan ! 
tests for separately formed group comparisons. Analysis Ө Tu 
group differences for demographic variables were conducted - T 
first to determine allowable subsets for comparisons of only _ 


cance testing was performed at a = 0.05. 


Results | ta 


Left atrium: Hearts with TAPVC (specimens 1 ia 3 
22) had significantly shorter length of the left atrium _ 
(р = 0.047) when compared with normal hearts (speci- _ 
mens 23 to 30). The surface area was significantly di- : 
minished (p = 0.001). The thickness of the free wall was 
notably decreased (p = 0.091) and the diameter of the a 
fossa ovalis was significantly greater than that of normal. "B 
control specimens (p = 0.036). 7 

Left ventricle: The 22 hearts with TAPVC had s d » 
nificantly increased length of the left ventricle as mea- _ 
sured from the apex to the base of the noncoronary cusp ch 
of the aortic valve (p = 0.001) and as measured from the _ 
apex to the base of the anterior cusp of the mitral valve | 
(p = 0.016). Thickness of the free wall was notably di- 24 
minished from normal (p = 0.061). Left ventricular _ 
width was significantly increased (p = 0.002). However, _ 


circumferences of the mitral and aortic valves wa ( 












those of normal specimens. | 

In the 8 normal specimens, the contour of the ven- EE 
tricular septum was 1+ or 2+ concave. In 4 of the » 
specimens with TAPVC, the contour was also concave - et 
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(specimens 2, 7,9 and 20). In an additional 12 hearts the 
contour was flat (specimens 1, 3, 4, 6, 10, 12-15, 17, 19 
and 22) and in 6 it was convex (specimens 5, 8, 11, 16, 18 
and 21) (Fig. 3). 

Right atrium: The 22 hearts with TAPVC had sig- 
nificantly increased right atrial area (p = 0.001) as well 
as ratios of right and left atrial area (p = 0.001), com- 
pared with the 8 normal hearts. In addition, the thick- 
ness of the free wall of the right atrium was notably 
higher than normal (p = 0.090). 

Right ventricle: The 22 hearts with TAPVC had 
significantly increased length of the right ventricle, as 
measured from the base of the anterior cusp of the tri- 
cuspid valve to the apex, compared to the 8 normal 
specimens (p = 0.001). The right ventricular free wall 


was significantly thickened (p = 0.002). The tricuspid 
(p = 0.002) and pulmonary (p = 0.005) valves were sig- 
nificantly increased in circumference. The distance from 
the base of the left pulmonary valve cusp to the apex of 
the right ventricle was notably higher than normal (p 
= 0.065). 

Drainage above versus below diaphragm: Hearts 
with anomalous drainage above the diaphragm (speci- 
mens | to 15) had significantly lower values for diameter 
of the inferior vena cava (p = 0.046), notably higher 
brain weight (p = 0.095) and notably lower thickness of 
the ventricular septum (p = 0.081) than those with 
drainage below the diaphragm (specimens 16 to 22). 

Ventricular septal contour: Comparison of speci- 
mens with normal vs abnormal ventricular septal con- 





FIGURE 2. Areas of the atria were estimated by pressing the opened atrial chambers against a piece of plate glass, marking the cut atrial margins 
and valve anuli on the opposite side of the glass, and transferring the image to a digitizer. Using this method the right atrial area (within black perimeter, 
right) of specimen 5 was calculated to be 4.5 times the left atrial area (laa) (left). See also Table |. 





FIGURE 3. Change in profile of the 
ventricular septum was judged after 
arranging the opened left ventricle 
much as it would have been in life and 
inspecting the septum. All normal 
specimens and 4 specimens with total 
anomalous pulmonary venous con- 
nection had a slightly concave septum 
(left). In 18 specimens with total 
anomalous pulmonary venous соп- 
nection, the septum was flat or slightly 
convex (as in specimen 5, right; see 
also Table 1). almv = anterior leaflet of 
mitral valve; aortic = aortic valve; p = 
posteromedial papillary muscle. 





tour in ТАРУС Жоке no significant or notable dif- 
ferences in any measurements. However, when 
specimens with normal septal contour were compared 
with the 8 normal hearts (also with normal septal con- 
tour), several differences were noted (none of which 
were considered reportable by £ tests because of the 
small numbers): Specimens 2, 7, 9 and 20 had signifi- 
cantly increased length of the right ventricle (p = 0.030), 
diameter of the fossa ovalis (p = 0.067), ratio of right 
and left atrial areas (p = 0.012), significantly decreased 
left atrial area (p = 0.023), notably increased thickness 
of the free wall of the right ventricle (p = 0.053) and 
circumference of the pulmonary valve (p = 0.083). 


Discussion 


In TAPVC, the major clinical and anatomic interest 
in the left atrium has been its size. Graham et al!? re- 
ported small volumes for the left atrium in 10 of 11 cases 
of TAPVC studied with angiography; Coussement et 
al!4 reported volumes below normal in 8 of 9 patients, 
with the most distinct reduction being in the newborn 
period; and Mathew et al!? concluded that the left atrial 
volume was 53% of predicted normal, due entirely to a 
reduced left atrial cavity, since the appendage was 
normal. 

Although diminutive left atrium has been noted at 
the time of corrective surgery for TAPVC and in au- 
topsy specimens,?9.1,17-20 complete morphometric 
measurements did not accompany these previous 
studies, nor were normal control specimens included to 
provide a quantification of “small.” 

The obvious clinical implication of a small left atrium 
is that its reservoir capacity is decreased, and this may 
be a problem after corrective surgery. Surgeons often 
augment the left atrium to allow a larger anastomosis 
to the common pulmonary vein, and to provide a larger 
atrial reservoir. However, this may not be critical if 
other factors are favorable for survival.!? 

In isolated TAPVC, the fossa ovalis is an important 
structure because it provides the only portal for mixed 
venous blood destined to be pumped by the left ven- 
tricle into the systemic circulation. Concern that the 
fossa may be too small has been the motivation of en- 
larging it with a balloon septostomy. We observed sig- 
nificantly larger-than-normal diameters for the fossa 
ovalis in infants who did not undergo septostomy (Table 
I); however, the increase may not have been sufficient 
to support the needs of the infants before correction of 
TAPVC. 

The size and shape of the left ventricle is of interest 
in any anomaly in which there is obstruction of or 
shunting away from this chamber. On 1 end of the 
spectrum is the pencil-thin and compressed chamber 
found in severe hypoplastic left-heart syndrome. Our 
observations in TAPVC appear to be at the other end 
of the spectrum, since nearly all previous anatomic,!'- 
79-1 angiographic!?-!14 and surgical reports!5-?! have 
described a normal size and configuration for the left 
ventricle. The report of Bove et al? is an exception, as 
this paper described decreased size of the aortic valve 
and normal size of the left ventricle. The ventricular 
septum was noted to be wider than normal at the point 


RR RC а а: US 


ПР 


р. т! KI. [EE WE ETT TE ер 

T aia AC “A OI 1 OGY are, 9, MER „г 

J AL UF САНИ OLOGY Volume 55 
Улас tmt E Я 









As LE 
"ж" 


left ventricular нуе алт was Hio RIAL, these adis lors — 
concluded that the increased width resulted from dis- - 
placement of the septum, so that the profile became _ 
ellipsoidal or crescentic, rather than cone-shaped. Our | 
study confirms this observation. EC 

Our studies further show that mitral and aortic valve 
circumferences did not differ from that in the normal - 
specimens (‘Table I), suggesting that left ventricular size 
is also “normal.” Our data further suggest that septal 
deviation and increase in width and length of the ven- 
tricular septum may be the result of enlargement of the - 3 
right ventricle. If so, specimens 1 and 19 are of interest _ 
because they represent newborn infants with change in Р 
ventricular septal contour, and specimens 2, 7, 9 and 20 — 
(one of which was from a newborn) һЬесайве they had | 
normal septal contours accompanying an enlarged right - 
ventricle. Although we believe that pressure and volume 
histories, site of entry of the anomalous pulmonary vein 
and degree of shunting across the patent foramen ovale 
and ductus before and after birth all contribute to the . 
morphometric data in these cases, our series is relatively _ 4 
small, and does not include enough clinical information 
to warrant further speculation on these points. 

We believe that change i in ventricular septal contour — 
may be demonstrated in patients with TAPVC by | 
analysis of angiocardiograms and could be the anatomic 
basis for the echocardiographic findings of the para- - 
doxicai septal motion reported by Paquet and Gutge- 

sell?? and the variations in left ventricular size noted by pi 
Lima et al.?5 | 
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Effect of Weight Loss on Cardiac Chamber Size, Wall f 
Thickness and Left Ventricular Function in Morbid Obesity 


MARTIN A. ALPERT, MD, BOYD E. TERRY, MD, and DIANA L. KELLY, RCVT 


To determine cardiac chamber size, wall thickness 
and left ventricular (LV) systolic function in morbidly 
obese patients, M-mode and cross-sectional 


enlarged in 25 (40% ) and the ventricular septal and 
LV posterior wall thickness was increased in 35 
(56% ). In the 34 patients who returned for follow-up, 
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echocardiography was performed in 62 patients mean body weight decreased significantly, from _ 5 
whose body weight was > twice their ideal weight 135 + 8 to 79 + 6 kg (73 + 4% of the amount over — 
but who were free from underlying organic heart ideal body weight). In the subgroup with low pre- — . 
disease and systemic hypertension. The initial operative LV fractional shortening (п = 13), mean _ 


clinical protocol consisted of a medical history, 


LV fractional shortening increased from 22 + 2% 


E 


physical examination, electrocardiogram at rest, to 31 + 296 (p <0.01). This was accompanied by "M 
chest x-ray and echocardiogram. Thereafter, each a significant decrease in the mean LV internal di- — 
patient underwent gastric restriction. Thirty-four mension in diastole and mean blood pressure. The 
patients returned for follow-up echocardiography results indicate that cardiac chamber enlargement, E. 
4.3 + 0.3 months after substantial weight loss was LV hypertrophy and LV systolic dysfunction occur 
achieved. For the whole group (n = 62) and LV in- frequently in morbidly obese patients and that LV An 
ternal dimension in diastole was enlarged in 24 systolic dysfunction in such persons may improve  — 
(39 96), the right ventricular internal dimension was following substantial weight loss. | 3 
enlarged in 20 (32% ), the left atrial dimension was (Am J Cardiol 1985;55:783-786) 

Ж 

ў 
Previous studies have demonstrated a wide array of LV systolic dysfunction may also occur in such "1 


alterations in cardiac structure and function in morbidly 
obese persons (body weight twice the ideal body weight, 
or more), even in the absence of underlying organic 
heart disease and systemic hypertension." Post- 
mortem studies have shown a high incidence of left 
ventricular (LV) hypertrophy and, less frequently, right 
ventricular (RV) hypertrophy.!-* Hemodynamic studies 
in obese patients have shown that cardiac output in- 
creases in proportion to body weight, largely because of 
increased stroke уоіџте.!2:7-!5 It is well established that 
LV filling pressure is frequently elevated in morbid- 
ly obese patients and may fail to normalize after 
weight loss.5?:10.12-15 Recent studies have shown that 
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Most studies examining cardiac abnormalities in 
extreme obesity have focused on patients with evidence 
of cardiac failure.?-1^ Little information is available 
concerning the frequency of, and more important, the 
effect of weight loss on alterations in cardiac structure 
and function in morbidly obese persons who do not have 
evidence of cardiac decompensation. This report de- 
scribes our study of cardiac chamber size, wall thickness 
and LV systolic function in morbidly obese patients and 
discusses the effect of weight loss on their cardiac 
structure and function. 


Methods 


Patient selection: Study patients were selected from those _ 


referred for surgical therapy of morbid obesity. Patients en- 


tering the study were required to weigh = twice their ideal _ 


body weight for at least 5 years. Fourteen patients with sys- — 


temic hypertension and 5 with clinical or laboratory evidence 


of organic heart disease were excluded from the study, as were 
6 patients receiving drugs that can affect cardiac chamber size 
or LV function. 
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` Preoperati al an jue: ЖАЙДЫ 
E in Morbidly бзш, Patients 


| _ Clnical/Echocardiographi 









Normal 












Variable Range + SD 
; ` Body weight (kg) 55-61 132 +7 
Ne an blood pressure (mm Hg) 70-105 101+3 
E. Heart rate (beats/min) 60-100 78+6 
lv internal dimension in 3.6-5.5 5.5 + 0.3 
.  . diastole (ст) 
E av internal dimension in $t 3.7 1: 0.2 
| 7n systole (cm) 
| av fractional shortening (96) 28-44 30 + 5.0 
> .. V septal thickness (cm) 0.6-1.1 1.1 ± 0.1 
P i у wall thickness (ст) 0.6- 1.1 1.1 + 0.1 
= Left atrial dimension (cm) 1.9-4.0 3.4 + 0.2 
¬ RV internal dimension (cm) 0.7-2.3 2.0 + 0.2 


a IV = interventricular; LV = 


SD = standard deviation. 


left ventricular; RV = right ventricular; 


{ E. B. 
f E , Protocol evaluation: The preoperative assessment con- 
Kt ed of a medical history, physical examination, resting 
E ES сагайовташ, chest x-ray and M-mode and cross-sec- 
= tional echocardiography. After the initial evaluation each 

























~ patient underwent surgical gastric restriction.!®!7 After dis- 
: ` charge from the hospital, echocardiography was performed 
5g to 6 months after the achievement of a plateau in weight loss 
E that occurred after initial accelerated weight reduction. 
Е lectrocardiograms and chest x-rays were not routinely 
pu . repeated. 
1 be Echocardiography was performed using a Diasonics V- 
| A ultrasonograph with a 2.25 MHz scanning head. 
E Slogans were obtained in the left lateral and sem- 
1 recumbent positions in accordance with published criteria.!8 
.. Basic echocardiographic data obtained for each patient in- 
. cluded the LV internal dimensions in systole and diastole, RV 
P internal dimension, left atrial (LA) dimension, ventricular 
se eptal thickness in diastole and LV posterior wall thickness 
| ai n diastole. LV fractional shortening was used to assess LV 
e systolic function and was calculated using the formula!?: 


e LVIDd — LVIDs 
LVIDd 


T! LVIDd = LV internal dimension in diastole and LVIDs 
LV internal dimension in systole. Cardiac chamber di- 
ЖЕ and wall thickness measurements were derived from 
Г 2 the M-mode echocardiograms. Volume measurements and LV 
f: . ejection fraction were not used because of the difficulty i in 
E de efining the endocardial borders of the entire LV in systole 
and diastole for many patients. Patients whose echocardio- 
^ (Pam were technically unsatisfactory (uninterpretable) were 
| $ е xcluded from the study. 

"e ` Ideal body weight was determined using the 1980 Metro- 
- politan Life Insurance Body Weight ТаЫеѕ.23 

N Statistical analysis: Mean values are expressed + standard 
y ation. A Student t test was used to compare paired data. 
Ap value «0.05 was required for statistical significance. 


ү fractional shortening (%) = X 100 


Results 


E Patient characteristics: Eighty-one patients ini- 
сау entered the study. Nineteen were excluded be- 
b cause of technically unsatisfactory echocardiograms. 

ir Thus, the eventual study population consisted of 62 
Ў pe tients; 54 women and 8 men with a mean age of 38 + 
4 years. The mean weight before surgery was 132 + 7 kg 
E (i28 + 4% over mean ideal body weight). Twenty pa- 
3 tients had exertional dyspnea and 10 had leg pitting 
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heart sound. Eight patients had a pulmonary flow - 
murmur. None had regional LV wall motion abnor- 
malities on their cross-sectional echocardiograms. 

Thirty-four patients returned for follow-up echo- 
cardiograms 4.8 + 0.3 months after having reached a 
plateau in weight loss, which was preceded by initial 
accelerated weight loss and followed by slow continued 
weight loss in most cases. This group consisted of 32 
women and 2 men (mean age 36 + 5 years). Their mean 
body weight was 135 + 7 kg before surgery (133 + 4% 
over ideal body weight). Preoperatively, 8 had exertional 
dyspnea, 3 had lower extremity edema, 10 had a fourth 
heart sound and 4 had a pulmonary flow murmur. 

Preoperative echocardiographic findings: Table 
I is a summary of the preoperative clinical and echo- 
cardiographic findings of the 62 patients in our study 
population. Increased thickness of the ventricular 
septum and LV posterior wall, the most common 
echocardiographic abnormality, was observed in 35 
patients (56%). The increased thickness was symmetric 
in all cases. Echocardiographic abnormalities observed 
less frequently included enlarged LV internal dimension 
in diastole in 24 (39%), enlarged RV dimension in 20 
(32%), enlarged LA dimension in 25 (4096) and low LV 
fractional shortening in 24 (89%). Of the 24 patients 
with enlarged LV internal dimension in diastole, 20 had 
low LV fractional shortening and 22 had increased 
thickness of the ventricular septum and LV posterior 
wall. Of the 35 patients with increased thickness of the 
ventricular septum and LV posterior wall, 23 had low 
LV fractional shortening. The pulmonary valve echo- 
cardiogram was normal in 49 of the 51 patients in whom 
it was detected. In 2 patients the pulmonary valve 
echocardiogram showed a flat E-F slope, a shallow “а” 
wave and midsystolic notching, all suggesting uide 
nary hypertension. Both of these patients also had an 
enlarged RV dimension. 

Effect of weight loss on clinical and echocar- 
diographic variables: Table II is a summary of the 
clinical and echocardiographic variables obtained pre- 
operatively and 4.3 + 0.3 months after substantial 
weight loss for the 34 patients who returned for fol- 
low-up evaluation. For the group as a whole mean body 
weight decreased from 135 + 8 to 79 + 6 kg (p «0.005) 
or 73 + 4% of the original amount over ideal body 
weight. 'l'here was a significant decrease in mean blood 
pressure, but no significant change in mean heart rate 
or in any of the echocardiographic variables tested. 
There was a significant decrease in the mean LV in- 
ternal dimension in diastole in those with LV dilatation 
before weight loss (Table II). In 13 patients with low LV 
fractional shortening preoperatively, mean LV frac- 
tional shortening increased significantly from 22 + 296 
before weight loss to 31 + 2% after weight loss (p <0.01). 
The significant increase in LV fractional shortening in 
this subgroup was accompanied by a significant de- 
crease in mean blood pressure (from 101 + 3 to 94 + 2 
mm Hg, p <0.05), a significant decrease in the mean LV 
internal dimension in diastole (from 6.0 + 0.2 to 5.1 + 


0.2 cm, p <0.02) but no significant change in mean heart _ 


rate, mean ventricular septal thickness, mean LV Dos; h 
88, mean LV dimens | ү 
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Mean Value Mean Value 
Echocardiographic No. of + SD Before + SD After 
Variable Patients Weight Loss Weight Loss p 
LV Men dimension in diastole 
(cm 
All patients 34 5.4 + 0.3 4.9 + 0.3 NS 
Normal (3.6-5.5) 21 5.0 + 0.3 4.8 + 0.3 NS 
Enlarged (25.5) 13 6.0 + 0.2 5.1:: 0.2 «0.02 
LV Kyr in dimension in systole 
(cm 
All patients 34 3.7 40:2 3.2.3 :0:2 № 
<3.7 19 3.2 + 0.2 3.0+ 0.2 NS 
>3.7 15 4.7 + 0.2 3.5 4- 0.2 «0.01 
LV fractional shortening (96) 
All patients 34 31:13 3553 NS 
Normal (28-44) 21 35 48 37:3 NS 
Low (<28) 13 22+ 2 Si 2 <0.01 
IV septal thickness (cm) 
All patients 34 АДЕ, О 13 X 0.1 NS 
Normal (0.6-1.1) 16 0.9 + 0.1 0.9 ± 0.1 NS 
Increased (> 1.1) 18 1.3.3: 0:1 1.3. 33:071 NS 
LV posterior wall thickness 
(cm) 
All patients 34 KEPO 1.15 0.1 NS 
Normal (0.6- 1. 1) 16 0.9 + 0.1 0.9 + 0.1 NS 
Increased (> 1.1) 18 TSE 1.3.+ 0,1 NS 
Left atrial dimension (cm) 
All patients 34 3.6 X: 0.2 3.5 1: 0.2 NS 
Normal (1.9—4.0) 21 3.11 0.2 3.1 X 0.2 NS 
Enlarged (24.0) 13 4.3 + 0.1 4.1 X 0.2 NS 
RV internal dimension (cm) 
All patients 34 20+ 0.1 1.9 + 0.2 NS 
Normal (0.7 — 2.3) 24 1.8 + 0.1 1.7 40.1 NS 
Enlarged (22.3) 10 2.5 + 0.1 2.3 + 0.2 NS 


IV = interventricular; LV = left ventricular; NS = not significant; RV = right ventricular; SD — standard 


deviation. 


internal dimension. Mean body weight decreased in this 
subgroup from 137 + 7 to 81 + 5 kg (p <0.005) or 71 + 
5% of the original amount over ideal body weight. In the 
group with normal preoperative LV fractional short- 
ening (n = 21), there was a significant decrease in mean 
` blood pressure after weight loss (from 100 + 3 to 91 ± 
3 mm Hg (p «0.05), but no significant change in mean 


heart rate or in any of the echocardiographic measure- 


ments tested. Mean body weight in this subgroup de- 
creased from 134 + 6 to 7 + 5 kg (p «0.005) or 74 + 4% 
of the original amount over ideal body weight. 


Discussion 


Through the work of Alexander, Messerli and others 
it has become increasingly clear that a variety of alter- 
ations in cardiac structure and function may occur in 
morbidly obese persons, even in the absence of under- 
lying organic heart disease and systemic hyperten- 
sion.!-1? Circulating blood volume, plasma volume and 
cardiac output all increase in proportion to the gain in 
body weight." 1,2,7-15,21-25 Because there is little or no 
increase in heart rate at rest with progressive weight 
gain, the increase in cardiac output occurs primarily due 
to increased stroke volume.2:7-1521-25 Indirect evidence 
suggests that the increase in cardiac output is distrib- 
` uted primarily to adipose tissue.?! These physiologic 

adaptations to obesity. provide the setting for the 
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We observed increased ventricular septal and L Vo 
posterior wall thickness in more than half of our p dcm 
tients. Postmortem studies of morbidly obese patients 
have demonstrated that such thickening is due to hy- y E 
pertrophy rather than fatty infiltration.?-9 The high _ 
incidence of LV hypertrophy in our study populatior p $ 
supports previous similar observations.?-99.1? LV hy- 
pertrophy has invariably been present in autopsied E 
hearts of extremely obese patients with cardiac failure. - 
These results suggest that such structural alteration 
may evolve well before clinical and radiographic sig 
of cardiac failure appear in the morbidly obese. К^ 4 

Recent reports have helped to clarify the pathogen- | 
esis of LV hypertrophy in nonhypertensive obese per- 
sons.1222-75 Based on the results of hemodynamic and ~ 4 
echocardiographic studies, Messerli et а]22:2% have 
postulated that LV hypertrophy i in obesity i is precedec : fis 
by an increase in LV volume that is due to elevate d 
circulating blood volume and plasma volume. Wal ll | 
tension rises in accordance with the law of LaPlace and 
LV hypertrophy evolves in response to the resultant id 
increase in afterload.2? Our findings are consistent with 
this hypothesis. Nearly two-thirds of our patients with /— y 
LV hypertrophy had an increased LV internal dimen Аў 
sion in diastole. LV diastolic dimensions for the re- 
maining patients were predominantly in the high nor- ' 
mal range. They may have increased to within the. 

normal Fugen in Response. to weight gain. aS 
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. hemodynamic alterations may be aggravated by in- 








_ creasing blood pressure (afterload).?2-23 It is uncertain 
..— whether LV systolic dysfunction in extreme obesity is 
. attributable entirely to changes in loading conditions. 
—. DeDivitis et al" recently reported reduced Vmax in 
) ` extremely obese persons, which suggests that depressed 
— LV contractility may also play a role. 

— . Data concerning the effect of weight reduction on LV 
— function in the morbidly obese are scanty. Alexander 





` et al?!3:14 have demonstrated that circulating blood 
= volume, plasma volume, cardiac output and stroke 
— volume all decrease in response to weight loss. In con- 
~ trast, these investigators found no significant change 


Жы, 


` inLV filling pressure up to 3 years after weight reduc- 


.. tion.!4 This is the first study to report improvement in 
. ТУ systolic function after weight loss in morbidly obese 
patients who had LV systolic dysfunction before weight 
— loss. The improvement in LV systolic function may, in 
-~ part, be related to afterload reduction associated with 
_ decreased blood pressure. Whether preload reduction 
_ (inferred from the decrease in LV internal dimension 
- jin diastole) contributed to improvement in LV systolic 
_ function is unclear in view of the high frequency of 
— concurrent LV hypertrophy. Finally, whether the ob- 


= served improvement in LV systolic function occurs in 
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Mitral and Tricuspid Valve Anular Diameter in Normal 


<a ie Sate 


Children Determined by Two-Dimensional Echocardiography 


DOUGLAS Н. KING, MD, E. O’BRIAN SMITH, PhD, JAMES С. HUHTA, MD, 
and HOWARD P. GUTGESELL, MD 





To establish normal values for atrioventricular valve 
anular diameter in children, we measured the di- 
ameter of the mitral and tricuspid valve anuli from 
2-dimensional echocardiograms in 103 children 
aged 1 day to 15 years. Measurements of the mitral 
valve anulus were made from the parasternal long 
axis and the apical or subcostal 4-chamber views. 
The tricuspid valve was measured from the sub- 
costal or apical 4-chamber view. Multiple regression 
analyses were performed comparing valve anular 
diameter to weight and body surface area and their 
respective square root, cube root and logarithmic 


Knowledge of normal atrioventricular valve anular di- 
ameter is important in the management of infants and 
children with congenital heart disease. Hypoplasia of 
either anulus may preclude conventional intracardiac 
repair of a cardiac defect, making a palliative procedure 
necessary. We recently showed the value of 2-dimen- 
sional (2-D) echocardiography in estimating anulus 
diameter in a group of patients who had undergone both 
echocardiographic studies and evaluation at autopsy. 
The application of noninvasive assessment of anular 
diameter to patient management is limited by the lack 
of growth curves relating anular diameter to body size 
in normal subjects. The present study determines 
atrioventricular valve anular dimensions in 103 infants 
and children and relates them to body size. 


Methods 


Subjects: The subjects were 103 infants and children re- 
ferred to the pediatric echocardiography laboratory of Texas 
Children’s Hospital. Reason for referral included precordial 
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functions. Mitral and tricuspid anular diameter in- ў 
creased in proportion to the logarithm of weight and - 
body surface area. The best predictor of valve anular - 
diameter was a logarithmic function of body surface - 
area with a calculated correlation coefficient ranging - 
from 0.90 to 0.93 for the 3 anular dimensions. - 
Knowledge of the normal atrioventricular valve - 
anular diameter should be useful in planning palli- — 
ative or corrective surgery in children with соп- 
genital heart disease. j 


(Am J Cardiol 1985;55:787-789) - 


murmurs (subsequently determined to be innocent), chest | 
pain, syncope and history of arrhythmia. In each case, the | 
patient was believed to have a structurally normal heart and | 
no evidence of underlying disease known to alter cardiac di- | 
mensions. “ 

The subjects ranged in age from 1 day to 15 years (median | 
36 months). The weight and height of each patient was re- - 
corded at the time of the echocardiographic examination and - 
a body surface area was determined from a standard nomo- 
gram. The body surface area ranged from 0.2 to 1.4 m? (me- - | 
dian 0.45). | 

Echocardiograms: Two-dimensional echocardiograms — 
were performed with a wide-angle mechanical sector scanner - 
(Advanced Technology Laboratories, Inc.) using a 3.0- or 
5.0-mHz transducer. All studies were recorded on 1/2-inch | 
videotape for subsequent analysis. 

In each subject, 2 dimensions of the mitral valve anulus were 
measured. The anteroposterior dimension was measured from — 
the left parasternal long axis image of the valve. The anular . 
diameter was considered to be the distance between the at- 
tachment of the anterior mitral leaflet to the aortic root and - 
the point of attachment of the posterior leaflet to the atrio- 
ventricular anulus posteriorly. The lateral dimension of the 
mitral and tricuspid anulus was measured from the apical or - 
subcostal 4-chamber projection; the image that gave the | 
greater dimension was used. The lateral dimension of the - 
anulus was considered to be the distance between the proximal - 
attachments of the leaflets at each side of the anulus. The - 
largest dimension occurring during the cardiac cycle was | 
chosen for analysis. In most cases this was simultaneous with © 
the onset of ће К wave on the electrocardiogram. Measure- - 
ments were made with calipers using inner edge-to-inner edge · 
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і diameters of 20 patients were measured with both 
ers and with a commercially available electronic digitizing 
m (Digisonics). There was no statistical difference be- 
en n the measurements using the 2 techniques. Interobserver 
lity for the echocardiographic measurements was es- 
! ished i in our previous study using the same method.! 

From the total 103 echocardiograms reviewed, 101 studies 
лай parasternal long- axis views suitable for measurement of 
| mitral PRE in the anteroposterior dimension, 98 had 
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4-chamber views for measurement of the tricuspid valve in 
the lateral dimension. The studies were considered unsuit- 
able if the proximal attachments of the leaflets could not be 
visualized. 

Statistical analysis: Regression analysis was used to study 
the relation of mitral and tricuspid anular diameter to age, 
weight and body surface area and to their respective square 
root, cube root and logarithmic functions. As with normal 
echocardiographic data obtained by others,?? the scatter of 
data points about the regression line was greater in our larger 
subjects. Therefore, the 95% predictive intervals for the nor- 
mal population were obtained by use of linear regression 
equations relating the deviation of individual measurements 
from the regression line to body surface area. After the stan- 
dard deviation of data points was estimated as a function 
of body surface area, the upper and lower limits of the 95% 
prediction interval was estimated as the mean + 2 standard 
deviations. 


Results 


А regression analysis using a logarithmic function of 
body surface area provided the highest correlation 
coefficient for each of the 3 anular dimensions (Table 
I). The mitral valve measured in the anteroposterior 
dimension had the highest correlation coefficient (0.93) 
and the smallest standard error of the estimate (1.8 
mm). The lateral dimension of the mitral and tricuspid 
valves had similar correlation coefficients (0.92 and 0.90, 
respectively) with the standard error of the estimate 
larger for the tricuspid valve (3.4 mm) than the mitral 
valve (3.2 mm). Figures 1 to 3 demonstrate the relation 
between anular dimension and body surface area. 

The mean mitral lateral dimension was 23 mm and 
the mean anteroposterior dimension was 18 mm. Thus, 
the average mitral valve anulus was an ellipse with a 
lateral dimension 28% larger than the anteroposterior 
dimension. The mean mitral anulus lateral dimension 
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was not significantly different from that of the tricuspid 
valve (23 versus 22 mm, p >0.05). The mean ratio of the 
mitral to tricuspid valve diameter for all subjects was 
1.02 with a standard deviation of 0.1. 


Discussion 


The logarithmic relationship between the atrioven- 
tricular valve dimensions and body surface area was 
noted by Rowlatt et al.4 Studying autopsy specimens 
of normal hearts of children of varying size, they found 
that anular circumference correlated best with body 
surface area. The algebraic relation between the diam- 
eter and circumference of a circle or an ellipse suggests 
that a high correlation should also exist between the 
atrioventricular valve diameter and the log of the body 
surface area. This high correlation was found in the 
present study. Using the Ramanujan formula? for the 
calculation of the perimeter of an ellipse, our estimated 
mitral anular circumference is consistently larger than 
Rowlatt’s values. For example, in a child with a body 
surface area of 1.0 m? the calculated valve circumference 
from our data is 87 mm compared with a value of 65 mm 
obtained from Rowlatt’s data. The difference between 
the 2 techniques ranged from 35% in patients with a 
body surface area of 1.0 m? to 44% in patients with a 
body surface area of 1.4 m?. The larger anular circum- 
ference obtained by echocardiography may be partly 
explained by shrinkage of the heart during fixation. 
Previous studies? have demonstrated that virtually all 
dimensions of the heart decrease by 6 to 13% during 
fixation. An additional factor causing overestimation 
may be distention of the anulus in the blood-filled 
beating heart compared to autopsy values. Bull et al? 
found that their estimate of tricuspid valve diameter by 
angiography in patients with severe pulmonary stenosis 
or atresia exceeded autopsy measurements by 43%. 
Previous studies in our laboratory established the effi- 
cacy of 2-D echocardiography for estimating anular 
diameter measured at autopsy. In this series echocar- 
diography overestimated autopsy measurement by 17%. 
These studies suggest that echocardiography is as ac- 
curate as angiography for the assessment of anulus 
size. 

Previous studies in our laboratory have confirmed the 
elliptical shape of the mitral valve.! The anteroposterior 
dimension of the tricuspid valve was not obtained in this 
study; therefore, the shape of the tricuspid anulus 
cannot be predicted from our data. It is likely, however, 
that the geometric configuration is similar to the mitral 
valve. The ellipsoid shape of the atrioventricular valves 
has importance in estimating the cross sectional area 
of the atrioventricular orifice for use in flow calculation 
by Doppler echocardiography. 
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Anulus Equation r SEE a 
Mitral valve AP 23.9 + 8.56 In BSA 0.93 1.8 
Mitral valve lat 32.3 + 12.47 In BSA 0.92 3.2 | 
Tricuspid valve lat 32.4+ 12.29 In BSA 0.90 3.4 © 
AP = anteroposterior; BSA = body surface area; lat = lateral; In = Ў ч 
natural log; г = correlation coefficient; SEE = standard error of the. es 
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rived from the regression analysis establish a set of Be 
normal values to which the child with congenital heart - 3 
disease can be compared. Demonstration that either _ 
anulus is hypoplastic may modify the surgical approach А ^ 
in some children in favor of a palliative procedure as 25 
opposed to conventional intracardiac repair. Echocar- _ 
diographic estimates of atrioventricular anulus size have — 
not been compared to intraoperative measurements in _ 
the pediatric patient. However, recent work by Shige- 
nobu!? in adults revealed a good correlation between the E 


echocardiographic view and the diameter of рге D 
valve inserted at operation in 35 patients. Similar 
studies should be feasible in children and would a 
validate the utility of this data in the preoperative as- 
sessment of the child with congenital heart disease. E 
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Effects of Loading Conditions and Contractile State 
(Methoxamine and Dobutamine) on Left Ventricular 
Early Diastolic Function in Normal Subjects 


STEVEN D. COLAN, MD, KENNETH M. BOROW, MD, and ALEXANDER NEUMANN 


. The influence of changes in preload, afterload and 
contractile state on left ventricular (LV) filling 


characteristics were examined. Normal subjects 


- underwent echocardiographic determination of the 
peak rates of LV dimension change and wall thinning 


and their respective timing at rest, after preload 
augmentation with dextran, during increased af- 


_terload with methoxamine and during inotropic 


. Stimulation by dobutamine. These 2 peak velocities 


and their timing in diastole correlated well with each 
. other and responded similarly to interventions. In- 
. creased preload resulted in higher peak velocities 


of dimension change and wall thinning, without 
changing the time in diastole at which they occur. 


. Both peak velocities moved later into diastole with 


P Wn ae аге 


higher afterload; however, the overall change in 
_ magnitude was variable and without statistical 
_ significance. Inotropic stimulation resulted in faster 
. rates of peak dimension change and wall thinning, 

лс ee INSERERE SUE iac S SU, AUGE A de N БАДР o ie T ee с а 


` Recently, the left ventricle was described as a vari- 
. able-elastance chamber alternating between a high 
1 compliance state in diastole and a low compliance state 
E in systole. This concept emphasizes the interdepen- 


dence of systolic and diastolic left ventricular (LV) 
_ events. Although it is well known that the extent of LV 
Biber shortening is highly dependent on preload, after- 
` load, inotropic state and heart rate, it remains contro- 


` versial how these factors affect the rate and timing of 


à m ulia! 
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early diastolic events.?-? In general, indexes derived 
_ from LV isovolumic pressure data have been studied as 
.a means of defining the effects of differing loading 
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which occurred at an earlier point in diastole. Ex- 
amination of various measures of LV size and 
function over a wide range of preload and afterload 
conditions under a constant contractile state re- 
vealed a complex set of relations. The ratio of wall 
thickness-to-dimension at end-diastole showed the 
most significant relation to the peak rate of dimen- 
sion change, whereas peak thinning was best cor- 
related with fractional wall thickening. Both veloc- 
ities were also significantly but more weakly related 
to other variables of systolic function. The timing of 
these peak velocities correlated most closely with 
the end-systolic wall stress and heart rate. Thus, LV 
filling and wall thinning depend in a complex fashion 
on loading conditions, heart rate and contractile 
state. These interactions must be considered when 
echocardiographic indexes of diastolic function are 
used in the clinical setting. 

(Am J Cardiol 1985;55:790-796) 


conditions on myocardial relaxation.26 Few studies have 
investigated the rate at which initial muscle length is 
reattained.? In contrast, the echocardiographically de- 
rived peak rates of LV dimension enlargement and wall 
thinning have been examined with disease,? but their 
response to altered load and contractile state has re- 
ceived little attention. This investigation determined 
the effect of changes in loading conditions and con- 
tractile state on these frequently used echocardio- 
graphic indices of LV early diastolic function. 


Methods 


The study population consisted of 18 patients (11 men, 7 
women), aged 21 to 34 years (mean 27 + 4). All were free of 
known cardiovascular disease, were taking no cardioactive 
medications and had normal physical examination, electro- 
cardiogram and intracardiac anatomy by 2-dimensional (2-D) 
echocardiography. The experimental protocol was a modifi- 
cation of one previously described.? Briefly, an Irex system 
II ultrasound module with a 2.25-MHz transducer was used 
for M-mode echocardiographic, phonocardiographic and ex- 
ternal pulse recordings. Two-dimensional echocardiographic 
imaging was performed with an Advanced Technical Labo- 
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ESAMI TABLE 1. pubes of енй атн Effects of Increased After d,Preload, and = EAS D ERE 
EE | Contractile State Pat PEN d 
| Methoxamine Dextran Dobutamine hw x 
| C l C | C | BE 

HR (beats/min) 824122 84+ 20 70 + 12 68 + 11 83 + 21 98 + 23* EN 
Pos (mm Hg) 97 + 9 137 + 11 128412 127 + 15 98 + 11 110 + 17* Ns 
Des (cm) 32-405 36+05* 3640.5 3640.5 32203 2.7+0.3* E 
hes (cm) 1440.2 14402 1.5 + 0.1 1.5 + 0.1 1440.1 1740.2 * 

Ces (g/cm?) 52 + 8 89 + 16* 72 X 14 72 + 15 53 + 8 39 + 12* ; 
Ops (g/cm?) 137 + 47 1954+33* 159+ 18 2124+78* 137414 163 + 24* 

Deg (ст) 46+0.7 4.9 + 0.8 5.0 + 0.7 53+ 0.7” 4.5 + 0.5 4.7 + 0.5 

Neg (Cm) 0.9+0.1 090.1 1.0+0.1 1.0+ 0.1 0.9 + 0.1 0.9+ 0.1 

% AD 30+4 26 + 4* 29+4 32 + 4* 29 + 5 42 + 3" 

% Ah 57415 49+ 12* 53 + 24 56 + 21 54 + 17 83 + 10" 

LVV (ml) 102+35 114438* 121437 136 + 44* 95 +22 102 + 23 


* р <0.05 vs control. 


С = control; | = intervention; HR = heart rate; Pes = end-systolic pressure; Des = end-systolic diameter; 
has = end-systolic wall thickness; сь; = end-systolic wall stress; Ops = 
end-diastolic dimension; heg = end-diastolic wall thickness; % Ah = percent fractional wall thickening; 
D = percent fractional shortening. 


LVV = left ventricular end-diastolic volume; % 


ratories real time digital scanner. Peak systolic and diastolic 
blood pressure recordings were made with the Dinamap® 845 
Vital Signs Monitor (Critikon, Inc.). 

Each subject was premedicated intravenously with atro- 
pine, 0.01 mg/kg, to help maintain stable heart rate over the 
course of the study. Baseline recordings of systolic and dia- 
stolic blood pressure, phonocardiogram, indirect carotid pulse 
tracing and M-mode echocardiogram of the left ventricle were 
obtained. Two-dimensional echocardiographic imaging was 
also done to exclude the presence of LV regional wall motion 
abnormalities. An intravenous infusion of methoxamine, an 
a-; adrenergic receptor agonist, was begun at a rate of 1 
айай. Recordings were made every 1 to 2 minutes until 
peak systolic pressure had increased by 30 to 60 mm Hg above 
the baseline values, at which point the infusion was discon- 
tinued. After blood pressure returned to baseline level, 6 
subjects underwent 2 interventions to increase central circu- 
lating plasma volume. First, a 500-ml intravenous infusion of 
low-molecular-weight dextran was given at a rate of 15 to 20 
ml/min. А similar regimen was previously shown to increase 
LV end-diastolic volume by 1796 in normal subjects.!? Next, 
the foot of the examination table was raised to a 30? angle with 
the floor. After new baseline recordings were obtained, the 
methoxamine infusion (as just described) was repeated. In 6 
other subjects, after completion of the initial methoxamine 
study, an intravenous infusion of dobutamine hydrochloride 
was begun at 5 ug/kg/min. When blood pressure reached a new 
steady state, repeat recordings were obtained. 

The carotid pulse tracing, as well as the LV echocardiogram 
including the endocardial border of the septum and the en- 
docardial and epicardial borders of the LV posterior wall, were 
analyzed with a Franklin Quantic 1200 (Bruce Franklin, Inc.). 
This instrument is equipped with a digitizing pad with a 
sampling rate of 80/cm, giving a net digitizing rate of 800 per 
second. After data input, the device is programmed to correct 
the carotid pulse tracing for pulse transmission delay by 
aligning the dicrotic notch with the first high-frequency 
component of А». From the digitized data, the following in- 
stantaneous measurements are derived by averaging 3 to 6 
cardiac cycles: (1) pressure during LV ejection determined by 
linear interpolation using a calibrated carotid pulse tracing 
as described previously’; (2) LV internal diameter; (3) first 
derivative of dimension with respect to time, the peak value 
of this first derivative and the time from A; to the occurrence 
of this maximum; (4) LV posterior wall thickness; (5) first 







derivative of wall thickness with respect to time, the peak 
a value of this fi rst derivati e and е fins. eq pu to the ос- 


peak systolic wall stress; Deg = 









































currence of this maximum; and (6) the LV wall stress, са 
lated from the angiographically validated formula!!: Eo TE К re 


_ _ (PXD) 1.35 
(h)[1 + (h/D)] (4) 


where с is the wall stress (in g/cm?), P is the pressure (in 1 
Hg), D is the dimension and h is the wall thickness (in с m), 
1.35 is the conversion factor from mm Hg to g/cm, _ n Е | 

The echocardiographic LV end-diastolic dimension a X 
wall thickness were determined at the onset of the Q wave o 
the electrocardiogram, while the end-systolic dimension é 
wall thickness were taken at the time of the first high-fre- 2 
quency component of the second heart sound. The LV peres 
fractional shortening was calculated as the difference betwee 
the dimensions at end-diastole and end-systole divided by th 
end-diastolic dimension. The LV percent fractional С, 
thickening was calculated as the difference between the w. yall b 
thicknesses at end-diastole and end-systole divided by tk 
end-diastolic wall thickness. LV volume was calculate 
cording to the formula of Teichholz et al.!? This assumes that 
the LV is contracting symmetrically, a fact confirmed i in: our 
study by 2-D echocardiographic imaging. HM 3 

For all subjects, digitization and computer analysis w | 
performed on high-quality echocardiograms acquired unde 
baseline conditions and at peak methoxamine effect. In 1 he se Y 
subjects receiving dobutamine, tracings were recorded at 
baseline and peak drug effect. End-systolic wall stress wa " 
calculated for several levels of arterial pressure in studies. S 
before and after dextran infusion and tracings for computer 
analysis were selected on the basis of matched end-systolic 
wall stress in each subject undergoing this intervention. | fi 

Analysis of the LV response to altered afterload, prelo? ad i 
and contractile state was performed using the t test for paire d 
data to compare the data before and after each intervent: don. 
А p value «0.05 was considered statistically significant. Unless 
otherwise noted, data are presented as the mean + standard 
deviation. To determine which factors influence the timin 
and magnitude of peak dimension increase and peak wı all 
thinning, the data from studies performed under resting, in 
creased preload and increased afterload condi W ver e 
pooled and linear regression analysis was performed. — 
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Results 


Left ventricular hemodynamics: The LV he 
dynamic response to manipulation of afterload, pre 
and gotta state is summarized i in ed fs uring 
Pen Cary РА: f... x Pete.” 
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Increasing P Preload, Afterload or Contractile State 





Preload 


C ) 
a Az ‘Dida, (ms) 106 + 24 106 + 24 
a Ac —dh/dtmax) (ms) 102 + 26 99 + 25 
ay *p «0.05. 


afte erload and preload manipulation, heart rate was 

ш changed. End-systolic pressure, end-systolic di- 
| те ension, end-systolic wall stress, peak systolic wall 
str ess and end-diastolic dimension varied directly while 
fre ractional shortening and wall thickening varied in- 
| ix ers Pal with LV pressure. When pre- and post-dextran 
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RE 1. Relation of absolute values (cm/s) for peak rate of dimension 
e (dD/dtmax) and peak rate of wall thinning (—dh/dtmax) to each 
e ind comparison of their time of occurrence. To = time interval 
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por A 2 


Afterload Contractility 
| С | 
120 + 33* 108 + 14 52 +: 12* 
105 + 26* 102 ± 14 50 -£197 


RA A = control; 1 = intervention; dD/dtmax = peak rate of chamber enlargement; —dh/dtmax = peak rate of wall thinning; A2-dD/dtmax = time interval 
om А; to dD/dt max; Ao-(—dh/Utmay) = = time interval from А» to —dh/dtmax- 


infusion data were matched for end-systolic wall stress, 
there was an increase in end-diastolic dimension, peak 
systolic wall stress and fractional shortening while 
end-systolc dimension was unchanged. End-diastolic 
LV volume was 12% greater after dextran infusion. 
Dobutamine infusion caused a significant increase in 
heart rate, end-systolic pressure and wall thickness, 
peak systolic wall stress, fractional shortening and 
percent fractional wall thickening while end-systolic 
dimension and wall stress were reduced. 

Relaxation parameters: Figure 1 illustrates the 
relation of the magnitude and timing of the peak di- 
mension increase to the corresponding peak rate of wall 
thinning for all data points. These indexes correlate 
closely with each other (r = 0.76) and occur at a similar 
time in diastole (r = 0.90). Preload augmentation re- 
sulted in uniform increase in the peak rates of dimen- 
sion increase and wall thinning (mean +14% and +25%, 
respectively; p <0.01) (Fig. 2). Increased afterload re- 
sulted in random and unpredictable alteration of both 
parameters with no net alteration (Fig. 3). Enhanced 
contractility was associated with a marked and uniform 
increase in both the peak rate of dimension increase and 
wall thinning (83% and 48%, respectively; p <0.001, 
Fig. 4). 

The influence of the 3 interventions on the timing of 
the peak rates of dimension increase and wall thinning 
is summarized in Table II. Although preload augmen- 
tation did not change the time interval between А» and 
either the time of peak dimension increase or the time 
of peak wall thinning, afterload augmentation delayed 
both. In contrast, dobutamine infusion caused both 
peak rates to occur earlier in diastole. Thus, the timing 
of both the peak rate of dimension increase and wall 
thinning appears to be independent of preload, delayed 
by afterload and advanced by dobutamine infusion. 

Relation to ventricular size and function: Simple 
linear regression analysis revealed a weak but significant 
correlation between the peak rate of dimension increase 
and both fractional shortening and wall thickening. 
However, the most significant relations were found with 
the ratio of wall thickness to dimension at end-diastole, 
end-diastole dimension, peak systolic wall stress and 
end-systolic dimension (Table III), although the cor- 
relation was still quite weak. Similarly, the peak rate of 
wall thinning was most closely correlated with fractional 
wall thickening and the ratio of wall thickness to di- 
mension at end-diastole; a weaker association was found 
with fractional shortening, end-diastolic dimension and | 































FIGURE 2. Individual response of peak max 
rate (cm/s) of dimension change 
(dD/dtmax) and peak rate of wall thinning 10 
(—dh/dtmax) to preload augmentation 

with dextran and tilting. In each case 

faster peak rates were seen (p 

|. 0.05). 
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À ` FIGURE 3. Individual response of peak ($2) 221 
rates (cm/s) of dimension change ` пах 
Yon (dD/dtmax) and of wall thinning (—dh/ 

mi Фах) | to afterload augmentation with | 10 
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FIGURE 4. Individual response of peak 
. rates (cm/s) of dimension change (Че), 20 
(dD/dtmax) and of wall thinning (Cdh/ 9+ Ллах 
dtmax) to inotropic stimulation with 
. dobutamine. All subjects showed a 
. marked increase in both peak rates (p 
« 0.05). 15 
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peak rate of dimension change; Tp = 
wall thinning; Th = time from Аг to —dh/dtmax; FS = fractional shortening; FWT = fractional wall thickening; 
— end-systolic dimension; ESS — end-systolic stress; h44 — end-diastolic 


E b Discussion 


y M-mode echocardiography provides a method of as- 
sessing time-related intracardiac phenomena with a 
d egree of accuracy unattainable by other imaging 
Let hniques. The repetition rate of 1,000 per second 
pro rides an information density 10 to 20 times more 
than that available by radionuclide, cineangiographic 
С x 2-D echocardiographic methods.!*:!4 This is partic- 
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dD/Dtmax 


0.32* 
0.29* 
0.441 
0.34* 
—0.09 
—0.23 
0.401 
0.24 
—0.501 


* p <0.05; t p «0.01. 
dD/dtmax = 


Deg = end-diastolic dimension; Deg 
wall thickness; HR — heart rate; “PSS = peak-systolic stress. 
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Tp 


—0.28 
—0.18 
0.407 
0.55! 
0.29* 
—0.35* 
0.40! 
0.60! 
—0.13 


n AW to the magnitude of these indexes. Addition of 
mi ultiple linear regression analysis to these observations 
ТА, ras not useful in this situation because of the high de- 
gree of multicollinearity among the variables under 


ularly critical when instantaneous velocity parameters 
are considered. In addition, instantaneous wall thick- 
ess can be assessed most accurately by this method.!^ 


y Vhile the clinical utility of these indexes of diastolic 
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function has been documented by a number of investi- 
_gators,!5-17 few studies have addressed the issue of their 
С dependence on loading conditions or contractile 


Ж When simultaneous high-fidelity pressure recordings 
e made in the left atrium and ventricle, peak rate of 
ing occurs during the initial LV pressure fall and 
1 before the first diastolic minimum,?? and depends on 
bo both the residual mural tone and the existing transmi- 
{гг il pressure gradient.®-20 After the first diastolic pres- 
ure minimum, the relation between diastolic stress and 


strain seems primarily dependent upon the passive 
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elastic and viscous properties of the myocardium.?! 
M fost investigations of ventricular relaxation have used 
A her the peak rate of pressure decline or the time 
constant of isovolumic pressure fall.’ While these dia- 
stolic indexes reflect the decline in tension after the 
| етуи of contraction, they do not measure the rate 
a which initial muscle length is being reestablished. 


The hemodynamic determinants of these pressure- 
derived indexes may not correspond to those of the peak 


" E 
LIA. 


rate of dimension increase. Thus, higher left atrial 


ES can compensate for delayed pressure fall and 
ustain a normal peak rate of filling in the face of a 
rolonged time constant of isovolumic pressure fall.? 

iE E Load dependence of chamber enlargement rate: 
pethis study, led спрявгерии with methoxamine 


олны, 


ENT Rn 
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time from А» to dD/dtmax: 


infusion resulted in a variable change in the peak rate 
of LV enlargement, while the timing of this rate maxi- 
mum was moved to later in diastole. In contrast, with 
volume infusion the peak rate of dimension increase was 
higher, and there was no change in time to rate maxi- 
mum. These results are similar to previous studies in 
conscious dogs.?? Because no change in heart rate oc- 
curred with these interventions, it is unlikely that ino- 
tropic state or chronotropic factors could account for 
our observations. А recent study using similar tech- 
niques found no difference in the response to afterload 
augmentation with or without concomitant propranolol 
therapy,?? indicating no reflex changes in sympathetic 
tone during blood pressure elevation. It must be em- 
phasized that in the human with an intact cardiovas- 
cular system, “pure” alterations of load are not possible. 
With afterload augmentation, preload reserve is utilized 
to maintain stroke volume, resulting in a rise in end- 
diastolic dimension and volume. Conversely, we could 
match data points before and after volume infusion for 
the same level of afterload, (i.e., end-systolic wall stress). 
Peak wall stress is nevertheless higher after preload 
augmentation because of greater early systolic ven- 
tricular size. Thus, changes in systolic or diastolic load 
are invariably interactive with one another. 
Numerous investigations have documented the load 
dependence of relaxation in isolated mammalian pa- 
pillary muscle preparations.??4 Extension of these re- 
sults to the intact heart is complicated by the fact that 
a period of isovolumic relaxation preceeds filling during 
which time external loads other than coronary filling do 
not act upon the relaxing muscle. Studies of the influ- 
ence of afterload on the time constant of isovolumic 
pressure fall using methods comparable to those of the 
present study (1.е.. a pharmacologic increase in pe- 
ripheral resistance with methoxamine or phenyleph- 
rine) have documented a delay in pressure decay.’ This 
contrast between the predictable effects of afterload on 
pressure decay and the variable effect on chamber en- 
largement rate can be explained by changes in left atrial 
filling pressures, which compensate to varying degrees 
for the delayed fall in LV pressures.? Although we did 
not measure left atrial pressures in this study, at least 
2 findings in the current investigation support this hy- 
pothesis. First, although volume infusion slows the реви $r 


0.28* 
0.531 
0.32* 
0.22 
—0.20 
—0.22 
0.34* 
—0.16 
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hse and the time constant of В, pressure fall,2° 
we found a higher peak rate of dimension increase. 
Second, the peak rate of dimension increase correlates 
with end-diastolic dimension, peak systolic wall stress 
and end-diastolic wall thickness-to-dimension ratio, 
each of which is highly dependent on atrial filling 
pressures.19:26 Thus, it is likely that utilization of pre- 
load reserve with higher atrial filling pressure offsets, 
to a greater or lesser extent, the direct effect of enhanced 
afterload on the rate of pressure decay. 

Load dependence of wall thinning rate: Although 
in subjects with symmetrically contracting hearts the 
timing of the peak rates of wall thinning and dimension 
increase are nearly synchronous, as documented in this 
and other studies.!’ In the presence of dyssynchronous 
contraction, rapid thinning can occur before the onset 
of ventricular filling.!^:?? Posterior wall thinning is thus 
not a passive manifestation of LV filling but instead 
appears to be one of the factors controlling it.15 This 
may be due to internal restoring forces in the form of 
active elongation and elastic recoil.?? The findings in the 
current study also suggest such a mechanism since the 
maximum rate of wall thinning was correlated with the 
degree of wall thickening. A similar relation has been 
observed in different regions of the same ventricle in 
normal individuals.?? This observation has particular 
relevance to the study of regional diastolic function in 
ischemic heart disease in which abnormalities of local 
systolic function may account for observed abnor- 
malities in wall thinning. However, we observed a rise 
in peak wall thinning rates with preload augmentation, 
which occurred in spite of similar end-systolic wall 
stress, wall thickness and dimension values. This indi- 
cates that, in addition to elastic recoil, there is a relative 
dependence on diastolic filling. 

Relation to contractile state: Dobutamine infusion 
resulted in a uniform and dramatic increase in both the 
peak rate of dimension enlargement and the peak rate 
of wall thinning and these events occurred earlier in 
diastole. Several factors may be involved in this re- 
sponse: (1) a direct effect on the inactivation dependent 
factors that underlie myocardial relaxation,”* (2) al- 
terations in arterial impedance that influence the time 
of onset and rate of isovolumic pressure decline, (3) 
chronotropic effects, which may speed ventricular re- 
laxation,? (4) enhanced fiber shortening augmenting the 
internal load in the form of myocardial elastic recoil,?? 
and (5) increased speed of conduction, leading to a more 
uniform onset of contraction and relaxation.!? The 
observed decrease in end-systolic wall stress, increase 
in the extent of systolic fiber shortening and moderate 
rise in heart rate could each be operative in causing the 
enhanced relaxation characteristics with dobutamine. 
Ап increased rate of LV dimension enlargement and 
wall thinning during dobutamine infusion as seen in the 
present study is similar to the findings in previous in- 
vestigations using pressure-derived indices of ventric- 
ular relaxation. A higher rate of LV pressure fall occurs 
during inotropic stimulation with catecholamines, 
calcium?? or exercise.” However, the degree of coupling 
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postextrasystolic PORES eliciting substantial in- 2 
creases in contractile state with no apparent effect on F: 
the time constant of isovolumic pressure fall.46 — S 
Under resting conditions there was a weak relation - 
between shortening fraction and peak rate of dimension 5 
increase. Changes in the magnitude of fiber shortening _ E. 
have been reported to have a variable effect on the time ~ 
constant of isovolumic pressure fall,?97 while affecting 
the time of onset of relaxation?? and the rate of fiber - 
lengthening.!9??? The association we found was not as 
striking as that noted by others!? and was certainly — ү 
weaker than the relation to the end-diastolic wall | 
thickness to dimension ratio. This implies that the peak | d 
rate of dimension increase is more related to load than - 
fiber shortening. The direct relation between end- dia 
stolic dimension and the extent of fiber shortening may _ 
explain the observed weak relation of fractional short- 
ening to the peak rate of dimension increase. | 
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Gel an important agent from Ives Laboratories 
Inc. will soon be available to American physicians. 
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Please fill in the required information below and mail to 
IVES LABORATORIES INC. 
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You Will. 


IVES LABORATORIES INC. 
685 Third Avenue, New York NY 10017 
Dedicated to improving the quality 
of life, through Medicine? 
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Generic — 

methyldopa 
tablets do contain 

sodium 

. metabisulfite 








` “This product contains 

__ Sodium Metabisulfite as 
a preservative, which may 
cause allergic-type reactions 
in certain susceptible persons, 
especially asthmatics.” 


(from the Description and Precautions Sections of the Package Circular 
for generic methyldopa tablets*) 


*as manufactured by Cord Laboratories, Inc. 


Copyright © 1984 by Merck & Co., INC. 
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TABLETS: 500 mg, 250 mg, and 125 mg 


Methyldopa! MSD 


tablets do not 
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While the presence of sodium metabisulfite is probably important іп a limited 
number of patients, it could be a factor in deciding whether to allow substitution 


{ог a prescription of ALDOMET*? 


Although Tablets ALDOMET?® do not contain any sulfite preservatives, as the 
Prescribing Information indicates, Oral Suspension ALDOMET® (Methyldopa, 
MSD) and Injection ALDOMET? Ester HCl (Methyldopate HCl, MSD) do 


contain sodium bisulfite as a preservative. 


The use of any of these products is contraindicated in hypersensitive patients, in 
active hepatic disease, or if previous methyldopa therapy has been associated with 





liver disorders. MSD 
MERCK 
SHARP 
DOHME 


For a Brief Summary of Prescribing Information, please see following page. 
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Е, usd daa therapy, it is desirable to do a blood count (hematocrit, hemoglobin, or red cell count) 
— ora baseline or to establish whether there is anemia. Periodic blood counts should be done during 
Eod lo detect hemolytic anemia. It may be useful to do a direct Coombs test before therapy and at 
- бапа 12 months after the start of therapy. If Coombs-positive hemolytic anemia occurs, the cause 
.. May be methyldopa and the drug should be discontinued. Usually the anemia remits promptly. If not, 
-Corticosteroids may be given and other causes of anemia should be considered. If the hemolytic 
- anemia is related to methyldopa, the drug should not бе reinstituted. When methyldopa causes 
.. Coombs positivity alone or with hemolytic anemia, the red cell is usually coated with gamma 
~ globulin of the IgG (gamma G) class only. The positive Coombs test may not revert to normal until 
_ weeks to months after methyldopa is stopped. 
-. Should the need for transfusion arise in a patient receiving methyldopa, both a direct and an indirect 
2 Coombs test should be performed on his blood. In the absence of hemolytic anemia, usually only the 
_ direct Coombs test will be positive. A positive direct Coombs test alone will not interfere with lyping 
. Of cross matching. If the indirect Coombs test is also positive, problems may arise in the major cross 
- Match and the assistance of a hematologist or transfusion expert will be needed. 
__ Fever has occurred within first 3 weeks of therapy, occasionally with eosinophilia or abnormalities in 
в, liver function tests, such as serum alkaline phosphatase, serum transaminases (SGOT, SGPT), 
Р bilirubin, cephalin cholesterol flocculation, prothrombin time, and bromsulphalein retention. 
E. Jaundice, with or without fever, may occur, with onset usually in the first 2 to 3 months of therapy. In 
Some patients the findings are consistent with those of cholestasis. Rarely fatal hepatic necrosis has 
- been reported. These hepatic changes may represent hypersensitivity reactions; periodic 
Т determination of hepatic function should be done particularly during the first 6 to 12 weeks of 
E therapy or whenever an unexplained fever occurs. If fever, abnormalities in liver function tests or 
. jaundice appear, stop therapy with methyldopa. If caused by methyldopa, the lemperature and 
abnormalities in liver function characteristically have reverted to normal when the drug was 
- discontinued. Methyldopa should not be reinstituted in such patients. Rarely, a reversible reduction 
- 0f the while blood cell count with primary effect on granulocytes has been seen. Reversible 
< thrombocytopenia has occurred rarely. When used with other antihypertensive drugs, potentiation of 
-antihypertensive effect may occur. Patients should be followed carefully to detect side reactions or 
- . unusual manifestations of drug idiosyncrasy. 
... Pregnancy and Nursing: Use of any drug in women who are or may become pregnant or intend to 
-. nurse requires that anticipated benefits be weighed against possible risks; possibility of fetal injury 
-— erinjury toa nursing infant cannot be excluded. Methyldopa crosses the placental barrier, appears in 
- Cord blood, and appears in breast milk. 
_ Precautions: Should be used with caution in patients with history of previous liver disease or 
X dysfunction (see Warnings). Sulfites have been reported to cause severe allergic reactions in certain 
- Susceptible individuals, particularly patients with asthma. Oral Suspension ALDOMET and Injection 
-. ALDOMET Ester HC! contain sodium bisulfite; Tablets AL contain no sulfites. Methyldopa 
от interfere with measurement of: urinary uric acid by the phosphotungstate method, serum creat- 















- inine by the alkaline picrate method, and SGOT by colorimetric methods. A paradoxical pressor re- 
- Sponse has been reported with intravenous use. Since methyldopa causes fluorescence in urine 
- Samples at the same wavelengths as catecholamines, falsely high levels of urinary catecholamines 
— may be reported. This will interfere with the diagnosis of pheochromocytoma. It is important to rec- 
g: е this phenomenon before a patient with a possible pheochromocytoma is subjected to surgery. 
' Methyldopa is not recommended for patients with pheochromocytoma. Urine exposed to air after 
"voiding may darken because of breakdown of methyldopa or its metabolites. 

"59 ‘Stop drug if involuntary choreoathetotic movements occur in patients with severe bilateral 


- cerebrovascular disease. Patients may require reduced doses of anesthetics; hypotension occurring 
pani anesthesia usually can be controlled with vasopressors. Hypertension has recurred after 


E 


E. lalysis in patients on methyldopa because the drug is removed by this procedure. 

- Adverse Reactions: Nervous System/Psychiatric: Sedation, headache, asthenia or weakness, 
5 - usually early and transient; dizziness, lightheadedness, symptoms of cerebrovascular insufficiency, 
Bes. parkinsonism, Bell's palsy, decreased mental acuity, involuntary choreoathetotic 

- movements, psychic disturbances, including nightmares and reversible mild psychoses or 
- depression. Cardiovascular: Bradycardia, prolonged carotid sinus hypersensitivity, aggravation of 
. angina pectoris. Paradoxical pressor response with intravenous use. Orthostatic hypotension (de- 
. Crease daily dosage). Edema (and weight gain) usually relieved by use of a diuretic. (Discontinue 
d methyldopa if edema progresses or signs of heart failure appear) Digestive: Nausea, vomiting, 
s distention, constipation, flatus, diarrhea, colitis, mild dryness of mouth, sore or “black” tongue, 
_ pancreatitis, sialadenitis. Hepatic: Abnormal liver function tests, jaundice, liver disorders. 
Hematologic: Positive Coombs test, hemolytic anemia. Bone marrow depression, leukopenia, 
- granulocylopenia, thrombocytopenia. Positive tests for antinuclear antibody, LE cells, and 
rheumatoid factor. Allergic: Drug-related fever, lupus-like syndrome, myocarditis, pericarditis, 
__ Skin: Rash as in eczema or lichenoid eruption; toxic epidermal necrolysis. Respiratory: Nasal 
Ls Stuffiness. Metabolic: Rise in BUN. Urogenital: Breast enlargement, gynecomastia, lactation, 
.. amenorrhea, impotence, decreased libido. Endocrine: Hyperprolactinemia. Musculoskeletal: Mild 
| arthralgia, with or without joint swelling; myalgia. 
- Note: Initial adult oral dosage should be limited to 500 mg daily in divided doses when given with 
-. antihypertensives other than thiazides. Tolerance may occur, usually between second and third 
- months of therapy; increased dosage or adding a diuretic frequently restores effective control. 
e Patients with impaired renal function may respond to smaller doses. Syncope in 
. Older patients may be related to increased sensitivity and advanced arteriosclerotic MSD 
_ vascular disease; this may be avoided by lower doses. 
- For more detailed information, consult your MSD Representative or see Prescrib- MERCK 
к ing Information. Merck Sharp & Dohme, Division of Merck & Co., INC., West Point, SHAR 
ы PA 19486 | .  44AwasR715.027; DOHME 
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range follow-up issues on cardiac 
tissue valves. 


Cardiac 





Proceedings of the Second International Symposium 
Rome, Italy, May 17-19, 1982 





edited by Lawrence H. Cohn, MD, and Vincenzo Gallucci, MD 
ISBN 0-914316-34-6, 609 pp., illus., Nov. 1982., $69.00 


An international program committee organized this symposium 
on à strictly competitive abstract basis. It was held less than six 
months ago. One-hundred-eighty abstracts were submitted and 
45 in 8 categories were кйш рє Virtually every major саг- 
diovascular center in the world that has any meaningful ex- 
perience with cardiac bioprosthetic valves was represented. 
Nowhere will you find between two covers as much current in- 
formation on the field of cardiac valves. 


Almost 20 years have gone by since the first reports of 
homograft valve replacement by Drs. Donald Ross and Brian 
Barratt-Boyes and almost 10 years since the first reports began to 
appear about commercially available, quality-controlled porcine 
bioprosthetic and bovine pericardial valves. This book brings 
you completely up-to-date on what has happened since and what 
is happening today. 

If your interests include the clinical, pathological and bio- 
engineering aspects of cardiac bioprostheses then this book is a 
must buy! It should not be missing from your own professional 
library. 


Who are the editors? 

Lawrence H. Cohn, MD, is Professor of Surgery, Harvard 
Medical School, and Cardiothoracic Surgeon, Brigham and 
Womens’ Hospital. He is the author of Modern Techniques in 
Surgery and co-author of the new annual, Cardiology, now 
available in its second issue, Cardiology 1982. 

Vincenzo Gallucci, MD, is Professor of Cardiovascular Surgery, 
Departments of Cardiovascular Surgery and Cardiology, Univer- 
sity of Padova Medical School, Padova, Italy. 


* Section 1 CLINICAL ANALYSIS * Section 2 
HEMODYNAMICS * Section 3 THROMBOEMBOLISM э Sec- 
tion 4 PEDIATRIC VALVE REPLACEMENT • Section 5 EX- 
PERIMENTAL PATHOLOGY * Section 6 EXPLANT 
PATHOLOGY * Section 7 BIOPROSTHETIC BIOENGINEER- 
ING * Section 8 LONG-TERM FOLLOW-UP * Section 9 SUM- 
MING UP * AUTHOR INDEX * SUBJECT INDEX 
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On nitrates, 
but angina still 
strikes... 
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After a nitrate, 
add ISOPTIN 


(verapamil HCI/Knoll) 


To protect your patíents,as well as their quality of life, 
add Isoptín instead ofa beta blocker. 





First, Isoptin not only reduces myocardial oxygen demand 
by reducing peripheral resistance, but also increases coro- 
nary perfusion by preventing coronary vasospasm and 
dilating coronary arteries — both normal and stenotic. 
These are antianginal actions that no beta blocker 
can provide. 
Second, Isoptin spares patients the 
beta-blocker side effects that тау “=. с 
compromise the quality of life. а 
With Isoptin, fatigue, bradycardia and mental 
depression are rare. Unlike beta blockers, 
Isoptin can safely be given to patients with 
asthma, COPD, diabetes or peripheral 
vascular disease. Serious adverse 
reactions with Isoptin are rare 
at recommended doses; the 
single most common side 
effect is constipation (6.3%). 
Cardiovascular contra- 
indications to the use of 
Isoptin are similar to those 
of beta blockers: severe 
left ventricular dysfunction, 
hypotension (systolic pres- 
sure <90 mm Hg) or cardio- 
genic shock, sick sinus syndrome 


(if ty diy: ac ct IS pw de | ISOPTIN. Added 

- or third- AV г е { 
idee linis a din Is not Са. ааа antianginal protection 
Isoptin... for more comprehensive antianginal without beta-blocker 


protection without side effects which may 


cramp an active life style. side effects. 
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ISOPTIN тит» 


(verapamil HCI/Knoll) 
80mg and 120mg 


Contraindications: Severe left ventricular dysfunction (see Warn- 
ings), hypotension (systolic pressure <90 mm Hg) or cardiogenic 
shock, sick sinus syndrome (if no pacemaker is present), 2nd- or 3rd- 
degree AV block. Warnings: ISOPTIN should be avoided in patients 
with severe left ventricular dysfunction (e.g., ejection fraction <30%) 
or moderate to severe symptoms of cardiac failure. Control milder 
heart failure with optimum digitalization and/or diuretics before 
ISOPTIN is used. ISOPTIN may occasionally produce hypotension 
(usually asymptomatic, orthostatic, mild, and controlled by decrease 
in ISOPTIN dose). Occasional elevations of liver enzymes have been 
reported; patients receiving ISOPTIN should have liver enzymes moni- 
tored periodically. Patients with atrial flutter/fibrillation and an acces- 
sory AV pathway (e.g., W-P-W or L-G-L syndromes) may develop a 
very rapid ventricular response after receiving ISOPTIN (or digitalis). 
Treatment is usually D.C.-cardioversion. AV block may occur (3rd 
degree, 0.8%). Development of marked 1st-degree block or progres- 
sion to 2nd- or 3rd-degree block requires reduction in dosage or, 
rarely, discontinuation and institution of appropriate therapy. Sinus 
bradycardia, 2nd-degree AV block, sinus arrest, pulmonary edema, 
and/or severe hypotension were seen in some critically ill patients 
with hypertrophic cardiomyopathy who were treated with ISOPTIN. 
Precautions: ISOPTIN should be given cautiously to patients with 
impaired hepatic function (in severe dysfunction use about 3096 of 
the normal dose) or impaired renal function, and patients should be 
monitored for abnormal prolongation of the PR interval or other 
signs of overdosage. Studies in a small number of patients suggest 
that concomitant use of ISOPTIN and beta blockers may be beneficial 
in patients with chronic stable angina. Combined therapy can also 
have adverse effects on cardiac function. Therefore, until further 
studies are completed, ISOPTIN should be used alone, if possible. If 
combined therapy is used, patients should be monitored closely. 
Combined therapy with ISOPTIN and propranolol should usually be 
avoided in patients with AV conduction abnormalities and/or de- 
pressed left ventricular function or in patients who have also recently 
received methyldopa. Chronic ISOPTIN treatment increases serum 


. digoxin levels by 5096 to 7096 during the first week of therapy, which 


can result in digitalis toxicity. The digoxin dose should be reduced 
when ISOPTIN is given, and the patient carefully monitored. ISOPTIN 
may have an additive hypotensive effect in patients receiving blood- 
pressure-lowering agents. Disopyramide should not be given within 
48 hours before or 24 hours after ISOPTIN administration. Until fur- 
ther data are obtained, combined ISOPTIN and quinidine therapy in 
patients with hypertrophic cardiomyopathy should probably be 
avoided, since significant hypotension may result. Adequate animal 
carcinogenicity studies have not been performed. One study in rats 


. did not suggest a tumorigenic potential, and verapamil was not 


. mutagenic in the Ames test. Pregnancy Category C: There are no 


ine, 


adequate and well-controlled studies in pregnant women. This drug 
should be used during pregnancy, labor, and delivery only if clearly 
needed. It is not known whether verapamil is excreted in breast milk: 
therefore, nursing should be discontinued during ISOPTIN use. 
Adverse Reactions: Hypotension (2.9%), peripheral edema (1.7%), 
AV block: 3rd degree (0.8%), bradycardia: HR<50/min (1.1%), CHF 
or pulmonary edema (0.9%), dizziness (3.6%), headache (1.8%), 


. fatigue (1.1%), constipation (6.3%), nausea (1.6%). The following 


reactions, reported in less than 0.5%, occurred under circumstances 
where a causal relationship is not certain: confusion, paresthesia, 
insomnia, somnolence, equilibrium disorders, blurred vision, syncope, 
muscle cramps, shakiness, claudication, hair loss, maculae, and spotty 
menstruation. Overall continuation rate of 94.5% in 1,166 patients. 
How Supplied: ISOPTIN (verapamil HCI) is supplied in 80 mg and 
120 mg sugar-coated tablets. July 1982 2068 


(С) KNOLL PHARMACEUTICAL COMPANY 
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handling. Yorke pays postage. Same return privilege. New York 
residents add appropriate sales tax. Add $5.00 per book for orders 





General Overview of Cardiac Valves 


Available Today! 


Clinical 


edited by 
Michael E. 


274pp., $35.00 


This valuable new clinical reference provides a detailed 
update on many aspects of mechanical heart valve prostheses, 
including hemodynamics, clinical results, results in children, 
non-invasive assessments, special indications, and implant 
techniques. Each topic is presented in an easily understood 
style and format which facilitate the comprehension of recent 
developments in heart valve replacement for the busy clinician. 


Each chapter is written by internationally respected physicians 
and medical scientists each of whom is pre-eminent in his field. 
All of this information has been co-ordinated by Dr. DeBakey to 
produce a very readable and informative volume on the 
state-of-the-art of heart valve replacement with mechanical 
prostheses. No cardiologist, cardiovascular surgeon, internist, 
or bioengineer can afford not to be knowledgeable about the 
information in this book. 


TABLE OF CONTENTS PART IV 
INTRODUCTION—Michael E. DeBakey, MD 
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Effects of Training on Systolic Time Intervals at Rest 


and During Isometric Exercise in Men and Women 
61 to 64 Years Old 


DOUGLAS R. SEALS, PhD, BEN F. HURLEY, PhD, JAMES M. HAGBERG, PhD, 
JOAN SCHULTZ, MS, BARRY J. LINDER, MD, LONNIE NATTER, MD, 
and ALI A. EHSANI, MD 


To determine whether regular exercise improves left 
ventricular (LV) contractile function in persons 60 
years and older, systolic time intervals (STIs) were 
measured in 10 healthy men and women (mean age 
62 + 1 year [+ standard deviation]) before and after 
6 months of intense endurance training. STIs, sys- 
tolic and diastolic blood pressure (BP) and heart rate 
(HR) were determined at rest and in response to 
isometric handgrip exercise. Systolic BP, diastolic 
BP and HR increased acutely from rest in response 
to handgrip (p <0.002). The indexes of total elec- 
tromechanical systole and LV ejection time (ET) 
index increased (p <0.01), preejection period (РЕР) 
index increased (p <0.05) or remained unchanged 
and PEP/LVET did not change from values at rest 


With advancing age there is a progressive decrease in 
maximal О» uptake. Associated with this decrease is 
an age-related prolongation of cardiac contraction and 
relaxation and a reduction in left ventricular (LV) 
contractile function during exercise.” Endurance ex- 
ercise training increases maximal O2 uptake in younger 
men and may improve myocardial contractility in 
presenescent animals.*? In addition, it has recently been 
reported that exercise training may improve abnormal 
systolic function manifested by prolongation of con- 
traction time and increased stiffness in senescent rats. 
We recently showed that prolonged, intense endurance 
training elicits marked increases in maximal Os uptake 
in previously sedentary individuals over 60 years of age.’ 
The present study determines whether this increase in 
maximal О» uptake is accompanied by a concomitant 
improvement in LV function. We measured systolic 


—————.—-— —- — 


From the Section of Applied Physiology, Department of Medicine, and 
Irene Walter Johnson Institute of Rehabilitation, Washington University 
School of Medicine, St. Louis, Missouri. This study was supported by 
Grant AG-03038 from the National Institutes of Health, Bethesda, 
Maryland. Drs. Hurley and Seals were Postdoctoral Research Trainees 
supported by Institutional National Service Award AG-00078. Manuscript 
received August 6, 1984; revised manuscript received November 29, 
1984, accepted December 4, 1984. 

Address for reprints: James Hagberg, PhD, Department of Medicine, 
Box 8113, Washington University School of Medicine, St. Louis, Missouri 
63110. 
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in response to handgrip. Training resulted in ап 18% — 
increase in maximal oxygen uptake (p <0.01). After n 


training, systolic and diastolic BP were reduced at 
rest (p <0.002) and, along with HR, were lower in 
response to handgrip (р <0.002). However, training 
did not alter STIs at rest or during handgrip. These 
findings indicate that healthy persons in their 60s 
have a normal LV response to isometric exercise. 


Prolonged, intense endurance training does not alter 
LV contractile function at rest or in response tO 
isometric exercise. However, training can signifi- 


cantly reduce BP at rest, and markedly lower the 


HR-systolic BP product attained during acute iso- 


metric stress, even in normotensive older sub- — 
(Am J Cardiol 1985;55:797-800) — 


jects. 


time intervals (STI) at rest and in response to isometric 


handgrip exercise before and after 6 months of intense 
endurance exercise training. 


Method 


Subjects: Twenty-four healthy men and women partici- i 
pated in this study. Ten subjects, 6 men and 4 women, served . 
as nonexercising control subjects (age 63 + 3 years, mean t - 


standard deviation, range 60 to 69); the remaining 14 subjects 


participated in an endurance training program. In 2 of the 


14 subjects orthopedic problems developed and training 
was stopped; 1 subject was excluded from the study 
for failing to complete the required number of training 


sessions and 1 did not have a good-quality STI during iso- : 


metric exercise. The remaining 10 subjects included 6 men and 
4 women, mean age of 62 + 1 year (range 61 to 64) (Table I). 
All subjects were evaluated clinically and a maximal graded 


exercise stress test was performed using the Bruce protocol? | 


Only subjects free of organic heart disease and with no sig- 
nificant electrocardiographic abnormalities suggestive of 


myocardial ischemia participated further in the study. Max- 
imal oxygen consumption was determined during graded © 


treadmill exercise using an open-circuit gas collection system 
as described previously.’ | 
Training: Before starting the high-intensity exercise pro- 


gram, subjects in the training group participated in а low- | 
intensity exercise program, consisting of easy walking 3 to 4 
times/week. The purpose of this approach was to reduce as - 
much as possible the risk of orthopedic complications during | 


ral 
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5 VO.max 
Weight (kg) (ml/kg/min) 
Age (yr) Height ET EER Y eet CRI. D re CE 
Subject & Sex (cm) Before After Before After 


Training Group 
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2 63M 182 88 85 28 35 
3 61F 156 61 56 21 29 
4 64M 175 84 81 27 28 
5 61F 168 59 59 27 32 
6 61M 178 73 72 30 34 
7 63F 165 92 92 20 20 
8 63M 178 81 80 29 30 
9 62M 167 67 66 38 50 
10 62F 166 64 66 25 28 
Mean + SD 62 + 1 M(n = 6) 171+ 8 74 + 12 79 3: 11 2815 OFTHE? 
F(n = 4) 
po Control Group 
P E 
p Mean + SD 63+3 нп = 2 174 ±6 78 + 16 79 + 17 27+9 26+ 11 
E n= 


* p <0.01 vs before training. 
SD - standard deviation; УОгтах = maximal oxygen uptake. 


E. 
_ TABLE! Blood Pressure and Heart Rate at Rest and in Response to Isometric Handgrip at 40 and 6096 of Maximal 
PST Voluntary Contraction Before and After Six Months of Endurance Training 




















Rest 4096 60 96 
SBP DBP HR SBP DBP HR SBP DBP HR 
(mm Hg) (mmHg) (beats/min) (тт H9) (mm Hg) (beats/min) (тт Hg) (mm Hg) (beats/min) 
Training Group 
Before 121 + 10 78+ 12 68+9 171 + 181 113 + 15! 87 + 101 169 + 261 117 + 144 90 + 8+ 
After 111414 68+8 67+8 153 + 211 99412t 78+ 7! 152 + 231 101 + 131 81+ 7: 
Change —10+6* —10+7f -1410 -18+8t —14+8ї —9i 10! —17 + 121 -164+9t -94111 
Control Group 
Before 121 ± 11 77 58 62+ 5 172+ 301 112 + 151 79+ 9: 164 + 221 110 + 122 80+ 7! 
After 124 + 8 80+ 7 66 + 10 167 + 191 109 + 151 78+ 9+ 164 + 18 108 + 10+ 78+ 7: 
Сһапде +3 + 8 +3 + 6 +4 + 8 —5 +20 –-3+11 1+6 0+ 20 —2+10 —2+6 


® p <0.05; ! p <0.01 versus before training; * p <0.0002 versus value at rest. 
— . DEP = diastolic blood pressure; HR = heart rate; SBP = systolic blood pressure. 


| the subsequent, higher intensity training period. The high- the 2 contractions. Total electromechanical systole (QS) was 
_ intensity training program consisted of 30 to 45 minutes of measured from the onset of the QRS complex to the initial 
` supervised endurance exercise (cycling, graded treadmill high-frequency vibrations of the aortic component of the 
- walking or jogging) at 80 to 9096 of maximal heart rate at least second heart sound; LV ejection time (ET) was measured from 













` З times/week for 6 months.” The subjects attended 3.6 + 0.2 the onset of the rapid upstroke to the incisural notch of the 
— sessions/week. Despite the prior walking program, minor carotid pulse tracing. Preejection period (PEP) was calculated 
- transient orthopedic injuries were commonly observed during as the difference between QS; and LVET. Measurements 
_ training; however, no other adverse events occurred. reported were the average of at least 10 consecutive cardiac 
Systolic time intervals: STIs were recorded using a cycles. The STI data were normalized for HR using the cor- 
— Cambridge multichannel recorder equipped with a Cambridge rection factors of Weissler et al.!! These corrected results are 
_ pulse transducer and a Cambridge heart sound microphone reported as the indexes of QS», LVET and РЕР (QS; index, 
| as described previously.? STIs were determined after an LVET index and PEP index). We recently reported coeffi- 
| overnight fast and at least 16 hours after the last exercise cients of variation (standard deviation/mean X 100) for 5 sub- 
` period. After 10 minutes of rest in the supine position, si- jects studied on 4 occasions of 3.0, 2.9, 5.3 and 4.6% for QS» index, 
. multaneous recordings of the electrocardiogram, phonocar- LVET index, PEP index and PEP/LVET, respectively.? 
-—. diogram and carotid pulse tracing were taken at a paper speed Statistics: Changes within the exercise and control groups 
% of 100 mm/s during quiet respiration. Blood pressure (BP) was across time in a given condition, and within the groups across 
measured with a mercury sphygmomanometer and heart rate the various conditions at a given time, were examined 
(HR) was determined from the electrocardiogram by aver- by analysis of variance for repeated-measures designs. Test- 
- aging 10 consecutive R-R intervals. These measurements were ing of specific comparisons was done using the appropriate 
` also recorded during the last 15 seconds of static handgrip contrasts.!? 






. contraction at 40 and 60% of maximal voluntary contraction Results 

| as described elsewhere." Handgrip was performed for 2 | axim 

_ minutes and 45 seconds at 40% and 60% of maximal voluntary Maximal Оз uptake: Maximal О 
m | creased 18% (p «0.01) after 6 mont 
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durance training (Table I). This large improvement іп 
maximal О» uptake provides evidence that these older 
subjects could undergo a significant training effect in 
response to regular, intense exercise. The maximal О» AR 







uptake of the nonexercising control subject did not ы Ow o Qoo 5 
. А Ф е о NOD ii 
change over the same period of time (Table I). = " ooo ODO x 
Heart rate and blood pressure: HR and BP were © Se) uas nim E 
increased significantly, and to the same degree, in re- E c5 чю oud E 
sponse to handgrip at 40 and 60% of maximal voluntary 9 а “че c | 
contraction (p <0.0002) (Table II). $ | | 4 
After training, HR at rest was unchanged (Table II). Е 3 erm. i 
However, HR was 9 beats/min lower in response to 9 & kr sic ve 4 
handgrip at both 40 and 60% of maximal voluntary g г tE a à». pA 14 ы ià y 
contraction after training (p «0.01). Therefore, the rela- = © esil SET E 
tive increases in HR from rest in response to handgrip 8 Ac ooo moo ч 
were significantly smaller after training (р <0.01). > Т 2 раи E 
Training resulted in significant reductions in systolic = >= hor сюе i 
(10 mm Hg) and diastolic (10 mm Hg) BP at rest (p 2 w+ ++ 1 
«0.01, Table II). BP was 14 to 18 mm Hg lower during > 3 ока (ASP x E. 
handgrip after training (p <0.01). However, the relative £ ye HHH HHH| È 5 
increases in ВР from rest in response to handgrip were E ade $297 SST | 
not altered by training. HR and BP at rest and in re- = ae dr 
sponse to handgrip were unchanged after 6 months in [- " 889 655 5 
the control subjects (Table П). S Ss p үт ү? e s 8 
Systolic time intervals: Acute response to isometric © = 5 рр iun 
exercise. QS» index and LVET index were significantly t a зә = QO E 
prolonged, and to the same degree, in response to м ak LES UR 
handgrip at 40 and 60% of maximal voluntary contrac- ed tO coc сч 3 
tion when compared to the values at rest (p <0.05) d a g И ad wr 7 
$ " х © 2 Q = | 
(Table III). The PEP index was either increased or = L| RE а | аю У зех) 3 | 
unchanged, апа PEP/LVET was пої significantly $ ¢ i ketai Bi" ^ ү 
changed from that at rest in response to handgrip. Ex- = PIE d Tor $ anol 4 
ercise and control group subjects responded similarly 2 ш СА HHH 5| HHH 8 | 
to handgrip. ® STF) S39 «90| X 3 
Response to training. 'Training did not affect the 5 эс ү ? P 
acute STI response to handgrip, i.e., after training QS? - LS сез 20-44 EE 
index and LVET index were increased, PEP index was = QE HHH ннн) % 
increased or unchanged and PEP/LVET was un- 2 $90! T Т = 
changed from rest. In addition, the initial absolute 8. MEN ЕЗ: 
values for STIs were not significantly changed af- 2 " SSS S88 $$ 
ter training. The STI values and STI responses to hand- с Sal loyal [ada m 
: : : = 2t HHH © 
grip were unaltered in the control subjects after 6 3 х 5, ооо omoj 2! 
months. se iw $89 Фо ie 
ў Е о осо 
Discussion ee ЕГ 
Wo ree) [wae] H 
Acute cardiovascular response to isometric ex- oe], п g HHH HHH 3 р 
ercise: Isometric exercise evokes a powerful pressor E =| 3 = Na) Say| EZ 
з @ cr —— ^ 
response that is characterized by abrupt, marked in- 2 9 $5 
creases in systolic, diastolic and mean BP.1%1314 HR also 20 йы оз verc оң 
increases, but only moderately.!©!3-14 The results of the E ш е HHH HHH| o9 | 
3 iat BÉ a= сорсо oo-|?35 s 
present study (Table II) and those of an earlier inves- ot DO | $9-|253 
tigation!? indicate that older normotensive subjects 5 © a us «ool SB 
respond to isometric exercise with an increase in BP of P x as y С P yeu M: 
a magnitude similar to that observed in young subjects. o o0 Se ooo cu ~ = 
Therefore, regulation of BP, at least in response to this = DRI nin! | Oy 
type of circulatory stress, appears to be unaffected by ul VE 
1 о ® o 8| УШ 
advancing age. 2 55 EF 55 в oS 
In contrast, previous studies have reported an at- < 95 &&5 


tenuated HR response to isometric exercise in older 
subjects.1?:15 However, the increase in HR in response 
to handgrip for our older subjects (Table II) was similar 
to that reported previously by us!? and others!416 in 
| young subjects. The disparity in results may be related 


ЖЕШЕТ <p eR T) an 
) TRAINING AND SYSTOLIC TIME INTER 


F to the age or health status of the older subjects studied 


or to differences in the exercise protocol. 
The “normal” STI response to isometric exercise is 


| difficult to characterize. The LVET and PEP indexes 
| have been reported to stay the same or to increase from 


rest to exercise,!4-2 while PEP/LVET has been re- 
ported to decrease,!? increase!? or not change.14.16,18-20 
The available data indicate that QS» index and LVET 
index generally increase, PEP index increases or does 
not change and PEP/LVET does not change in re- 
sponse to isometric exercise. The results of our study 
indicate that healthy older subjects respond to this type 


| D of circulatory stress in a manner similar to that reported 
— for younger subjects. 


The PEP/LVET ratio is a measure of LV perfor- 


_ mance and correlates inversely with ejection fraction.2! 


This ratio is influenced by several factors including af- 


M terload, myocardial contractility and possibly by a 


- . marked variation in preload.?? A decrease in PEP/ 
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—— LVET indicates an increased ejection fraction. Because 
Б, preload generally does not change in response to iso- 


metric exercise, even a lack of a decrease in PEP/LVET 


___ in the presence of markedly elevated arterial pressure 


would reflect a concomitant and proportional increase 
in myocardial contractility. Therefore, the lack of a 
decrease in PEP/LVET in our older subjects does not 


.. necessarily indicate an inability to enhance myocardial 
. contractility in response to this acute cardiovascular 
` Stress. Since ejection fraction does not change during 


isometric exercise from that at rest in normal 
subjects,16:?? the lack of change in PEP/LVET in our 
older subjects provides additional indirect evidence that 
they had a normal LV response to handgrip. 

Effects of training on blood pressure, heart rate 


_ and STI: The results of this study show that prolonged, 
. intense endurance training can significantly lower BP 


at rest and in response to isometric exercise in normo- 
tensive older men and women. Training did not alter BP 


. regulation during isometric exercise, as evidenced by 


similar increases before and after training (Table II). 


` This is consistent with recent findings in young men.23-25 


HR at rest was not altered by training (Table II). 


| However, the HR attained during isometric handgrip 
—. was significantly lower after training, suggesting an al- 
_ teration in the regulation of HR during this type of 
| circulatory stress. This has not been observed in pre- 


vious studies of younger subjects during handgrip,?3-?6 


| but Morgan et al reported an attenuated HR response 


to isometric contraction of the legs after training. Taken 


- together, these findings indicate that training may 
. markedly reduce the HR-systolic BP product attained 
` during acute isometric stress in older persons. This 
- adaptation to training may have important clinical 


implications for reducing the cardiovascular risk of 


. acute exercise in the elderly. 


Spurgeon et al6 recently reported that endurance 


| training ameliorated age-related changes in cardiac 
_ contractile function in rats. Since LV contractile func- 
tion during exercise is reduced in older men and 
women,’ we postulated that prolonged, intense endur- 


ance training may induce favorable alterations in LV 


. function in our older subjects. The reasons for the lack 
. of change in STI after training in the present study 
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probably relate to the selection of our older men and 
women who were free of overt coronary artery disease, 
had normal initial values for PEP index and PEP/ 
LVET at rest and had a normal STI response to iso- 
metric exercise. It is doubtful that even intense training 
would enhance the already normal STI responses ob- 
served initially in these older subjects. Others have re- 
ported that in normal younger subjects, STI and other 
indexes of LV contractile function are often unaffected 
by endurance training,*9?7 and that endurance training 
does not induce adaptations in adult rats with normal 
cardiac contractile function.® Therefore, it is possible 
that training could induce adaptations in STI at rest 
and during exercise only in subjects who have abnormal 
LV contractile function before training. 
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Blood Pressure and Heart Rate Responses During 
24-Hour Ambulatory Monitoring and Exercise 
in Men with Diabetes Mellitus 


SHIRLEY RUBLER, MD, DENNIS A. CHU, MD, and CHARLES L. BRUZZONE, BA 





The heart rate (HR) variation of 25 normotensive 
and asymptomatic men, mean age 58 + 7 years, 
with diabetes mellitus (group 1) was studied during 
deep respiration. Thirteen subjects (52%) had a 
variation of 10 beats/min or less, consistent with an 
autonomic neuropathy (AN) (group IA); 12 had 
variation in HR of more than 10 beats/min and were 
considered to have no neuropathy (group IB). The 
24-hour ambulatory HR and systolic blood pressure 
(BP) values of group | were compared with those of 
13 healthy men, mean age 48 + 8 years (group II). 
The mean of 5 maximal HR measurements during 
the 24-hour period was higher for group IA (106 + 
11 beats/min) than for group IB (100 + 13 beats/ 
min) or for group Il (92 + 9 beats/min) (p «0.01). 
The mean of 5 maximal BP measurements was 
greater for group | (149 + 28 mm Hg) than for group 
1 (128 + 13 mm Hg) (p <0.01), but no difference 
was observed between groups IA and IB. 

Maximal treadmill exercise was performed with 
22 of the patients (11 with and 11 without AN), and 
no difference in HR was observed between the 2 


Subjects with diabetes mellitus without clinical heart 
disease on maximal treadmill testing have a lower 
maximal heart rate (HR) and a decreased exercise tol- 
erance compared with healthy control subjects.! AI- 
though this impaired performance may be ascribed to 
either myocardial or coronary artery disease, autonomic 
neuropathy (AN), previously observed to affect the 
exercise tolerance of juvenile diabetic subjects,? may be 
implicated. The present study was conducted to de- 
termine whether a single abnormal test of autonomic 
function, the HR response to deep respiration, would 
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groups during all stages of exercise or at maximal 
exertion. The increase in systolic BP and duration 
of exercise in these 2 groups were also similar. 
Seventeen of 25 diabetic men had peripheral neu- 
ropathy (PN). Of 13 patients with AN, 10 had PN; of 
12 without AN, 7 had PN and 5 did not. No differ- 
ences were observed in maximal or minimal HRs on 
24-hour monitoring, but the systolic BP was lower 
in those with PN (142 + 19 mm Hg) than in those 
without PN (163 + 40 mm Hg) (p <0.07). On exer- 
cise testing, patients with PN had a shorter duration 
of exercise but similar systolic BP and HR levels 
compared to those without PN. 

Diabetic subjects, especially those with AN, have 
elevated diurnal HRs, possibly because of unop- 
posed sympathetic drive. Systolic BPs in all diabetic 
subjects are higher except for those with PN. Pa- 
tients with PN have lower systolic BPs on 24-hour 
monitoring and a decreased performance on exer- 
cise testing, possibly secondary to myocardial dis- 
ease or occult sympathetic dysfunction. 

(Am J Cardiol 1985;55:80 1-806) 


correlate with the HR and systolic blood pressure (BP) 
during daily activities (as assessed by 24-hour am- 
bulatory monitoring) or during maximal treadmill 
exercise. 


Methods 


Patient selection: Twenty-five patients with diabetes 
mellitus, aged 41 to 69 years (mean 58 + 7), agreed to partic- 
ipate in the study; these patients constitute group 1. They 
were recruited from an unselected group of diabetic subjects 
in the inpatient department or the medical and diabetic out- 
patient services of the New York Veterans Administration 
Medical Center. None had signs or symptoms of cardiac dis- 
ease. After interview and review of medical records, none were 
found to have valvular disease, myocardial infarction, chest 
pain, dyspnea, palpitations or syncope. All had normal elec- 
trocardiographic and chest roentgenographic findings and 
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none had casual readings of more than 150 mm Hg systolic or — 


more than 90 mm Hg diastolic BP. The duration of diabetes 
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E TABLE! Clinical Data in 25 Men with Diabetes Mellitus 


" 


ү Duration of Type of X Blood Glucose 
xu. Pt Age (yr) Diabetes (yr) Diabetes (mg/dl) 
EU. 54 16 ID 234 
m. 2 55 20 NID 123 
EN 3 53 5 NID 349 
E. 4 53 5 NID 101 
E" -5 61 3 ID 118 
E 6 59 7 ID 278 
h 7 59 5 NID 130 
A 8 49 10 ID 206 
E 9 41 3 ID 102 
E. 10 48 25 ID 87 
la 11 58 12 ID 321 
і 12 50 9 ID 152 
E 13 56 7 NID 128 
- 14 60 10 ID 467 
15 69 3 NID 93 
16 54 11 ID 210 
\ 17 65 23 NID 191 
be. 18 53 15 ID 287 
19 62 1 ID 197 
| 20 61 20 ID 247 
E. 21 66 10 ID 210 
К 122 51 5 NID 123 
E 23 63 15 NID 227 
; 24 66 20 NID 89 
5 25 64 7 ID 255 
_ Mean 58 10 197 
+SD £7 +7 +95 


ID = insulin dependent; NID = non-insulin dependent; SD = standard 
.. deviation. 


was 1 to 25 years; 15 patients were insulin-dependent and 10 
. were not. Blood glucose levels ranged from 87 to 467 mg/dl 
` (mean 197 + 95) (Table I). No patient had symptoms of pe- 
ripheral or autonomic nervous system dysfunction. Clinical 
. data are summarized in Table I. 
_ Thirteen diabetic patients in group I had an abnormal 
. variation in HR (group IA) and 12 had a normal respiratory 
- variation as described herein (group IB). The ages of both 
. groups were similar, 57 + 7 and 58 + 7 years, respectively. 
- Thirteen healthy men, aged 35 to 61 years (mean 48 + 8), 
. also agreed to participate. None had any disease, including 
` diabetes mellitus or cardiovascular abnormalities. The group 
. consisted mainly of volunteers from the community or hos- 
pital employees (group II). 
. Heart rate interval variation during deep breathing: 
. Subjects were studied by the method described previously3-5: 
_ resting in the supine position, they breathed deeply at the rate 
of 6 breaths/min (5 seconds in and 5 out). An electrocardio- 
- gram was recorded at 100 mm/s and a marker recorded the 
· onset of each inspiration and expiration. The maximal and 
. minimal RR intervals were measured using a Digisonic com- 
. puter or a simultaneous electronic timer marker; the intervals 
were then converted into beats per minute. 
_ The results were expressed as the mean of the difference 
_ between maximal and minimal HR for the 6 measured cycles 
_ per minute. Differences of 10 beats/min or less were consid- 
_ ered abnormal and consistent with AN.3 
Twenty-four-hour ambulatory monitoring of blood 
_ pressure and heart rate: Ambulatory monitoring of BP was 
_ carried out by a previously described method using a Delmar 
_ Avionics Pressurometer (model 1979). This is a portable ap- 
_ paratus that automatically registers BP by sphygmoma- 
. nometry and records HR at preset intervals. The Pressur- 
 ometer model 1979 contains a pump and a microphone 
` connection, an interval timer, a manual operation switch, a 
microphone sensitivity adjustment and a jack to obtain con- 
current determinations from a mercury manometer. А tape 
recorder model 446 contains a digital clock and an event re- 
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corder. A simultaneous electrocardiogram is obtained with a 
5-lead system. The tape recordings are processed on an elec- 
trocardioscanner model 660A, which simultaneously inscribes 
both HR and BP. The apparatus was adjusted in this study 
to record data at 30-minute intervals for 24 hours. 

Exercise protocol: The subjects were investigated when 
they were in the postabsorptive state. No insulin or oral hy- 
poglycemic agents were administered for at least 12 hours 
before the study. A standard multistage maximal exercise test 
was conducted on a motorized treadmill according to the 
Bruce protocol.’ Standard 12-lead electrocardiograms (ECGs) 
were obtained at rest in the supine position, after 30 seconds 
of hyperventilation, during quiet standing and at 1-minute 
intervals during the exercise period. Tracings were also re- 
corded immediately after exercise and for each minute during 
the recovery period, for a total of 8 minutes. Corresponding 
systolic BP determinations were made at the same time in- 
tervals with an Avionics model 1905 variable-sensitivity 
London Pressurometer. Standard BP was also recorded with 
a Tycos sphygmomanometer during rest and after exercise. 
(At peak exercise, however, the latter could not be obtained 
with accuracy because of arm motion and excessive noise of 
the treadmill.) Pressure measurements by the 2 methods did 
not differ by more than 5 mm Hg. The maximal systolic BP 
that could be recorded with the Pressurometer was 265 mm 
Hg. Diastolic BP recordings were also obtained, but were less 
accurate during peak exercise. Exercise was terminated in all 
subjects because of leg fatigue. There were no episodes of 
significant arrhythmias, angina or hypotension. 

The exercise ECG was considered abnormal if horizontal 
or downsloping ST-segment depression of 20.08 second after 
the J point of the QRS complex was present in any lead during 
or after exercise. 

The following measurements and calculations were made: 
(1) Predicted maximal oxygen consumption (VOsmax): active 
males: 69.7 — 0.612 (age in years) ml Os/kg/min; sedentary 
males: 57.8 — 0.445 (age in years) ml Os/kg/min." (2) Esti- 
mated VOomax (ml/kg/min) = 3.88 + 0.56 (duration in sec- 
onds).5 (3) Functional aerobic impairment = [(predicted 
VOomax — estimated VOsmax)/predicted VOsmax] х 100.8 

Routine neurologic examination included testing of all 
sensory modalities and motor reflexes. Nerve conduction 
studies were also performed using TECA TE42 electro- 
myography. 

Motor nerve conduction of the median, ulnar, peroneal and 
tibial nerves was assessed. Motor nerve action potentials were 
recorded orthodromically with active recording electrodes on 
the motor point of the appropriate muscle. 

Sensory nerve action potentials (antidromic studies) of the 
median, ulnar and sural nerves were also obtained. 

Statistical analyses: A Student unpaired t test was used 
to compare values in the total diabetic group with those in the 
control group. Comparison of diabetic subgroups with each 
other and the control subjects was performed with 1-way 
analysis of variance. For correlation between HR variation and 
exercise HRs and between HR variation and maximal 24-hour 
heart rates, the Pearson correlation coefficient was used. 
Comparison of glucose and exercise duration was accom- 
plished by chi-square analysis. 


Results 


Heart rate variation on deep breathing: The HR 
variation was abnormal in 13 diabetic men (52%), 
compared with only 28.1% of control subjects. The in- 
spiratory rate was higher in group I than in group II (p 
«0.02). 'The HR variation was significantly higher in 
group I than in group II (p «0.05) (Table II). 
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TABLE 1 Comparison of Respiratory and 24-Hour Ambulatory Heart Rate for Diabetic and Control Subjects 


Group II Group | 
(n = 13) (n = 25) 
Age (yr) 8+ 58 +± 7 
(р <0.002) 
Inspiratory HR ТӨ ^8 86+9 
(beats/min) (p <0.02) 
Expiratory HR 64 — 10 73 + 10 
(beats/min) (p <0.02) 
HR variation 3E 11+ 8 


(beats/min) 


24-Hour Monitoring 
Mean 5 max HR 92+9 103 + 12 106 + 11 100 + 13 0.01* 
(beats/min) (p < 0.003) 
Mean 5 min HR 61+7 67 + 10 68 + 10 66 + 12 0.02* 
(beats/min) (p <0.03) 
Mean of 5 max t 76+7 85+ 10 87 ±9 83 ± 10 0.02* 
5 min HR (р <0.005) 
(beats/min) 
The p values in parentheses are those between group | and group II; * Significant differences only between group ІА and Il; t Significant differences _ 
between group IA and both IB and Ill; t Significant differences between II and I, ІА and IB. | 
Values are mean + standard deviation. 
HR = heart rate. 
TABLE Ill Systolic Blood Pressures on 24-Hour Monitoring for Diabetic and Control Subjects 
Differences 
Group Il Group | Group IA Group IB Among all 
(n = 13) (n = 25) (n = 13) (n = 12) Groups (p) Value* 
Single maximal systolic BP 37 + 187 165 + 34 164 + 37 166 + 32 0.03 
(mm Hg) (p <0.01) 
Mean 5 maximal systolic BP 128 + 13 149 + 28 149 + 36 150 + 21 NS 
(mm Hg) (p <0.01) 
Single minimum systolic BP 89 + 9 94 + 13 93 + 13 99 + 15 NS 
(mm Hg) 
Mean 5 min systolic BP 94+ 10 97+ 13 94 + 11 99 + 15 NS 
(mm Hg) 
Mean 5 max — 5 min 111 + 10 123 + 18 118 + 13 127 + 21 NS 


systolic BP (mm Hg) 


Group IA Group IB 

(n = 13) (n = 12) p Value 
57+7 58+ 7 0.0021 
85+ 10 87 + 9 0.021 
76+ 12 68 + 8 0.02* 


6+4 14 351 0.00017 


The p values in parentheses are those between group | and group Il; significance found only between group II and both groups ІА and IB. 


Values are mean + standard deviation. 
BP = blood pressure; NS = not significant. 


When groups IA and IB were compared with group 
II, there were no significant differences in the inspira- 
tory expiratory HR variation between groups IB and II. 
However, group IA HR variation was significantly less 
than for the other 2 groups (p = 0.0001) (Table II). 

The duration of diabetes was 9 + 6 years in group 
IA and 12 + 7 years in group IB (difference not 
significant). 

Ambulatory monitoring heart rate: The mean of 
the 5 maximal 24-hour rates was higher in group I than 
group II (p «0.003). The mean of the 5 lowest rates was 
similarly greater for group I than group II (p «0.03) 
(Table II). 

On ambulatory monitoring the mean of the 5 highest 
rates was significantly greater for group IA than for 
group IB and for group II (p <0.01). The average of the 
5 highest and 5 lowest 24-hour rates was also greater for 
group IA than for either of the other 2 groups (p = 0.02) 
(Table II). 

Ambulatory blood pressures: On 24-hour moni- 
.. toring the single highest maximal systolic BP was sig- 
nificantly higher in group I than in group II (p <0.01). 


- 


The mean of the 5 highest systolic BPs was also greater : 


in group I than in group II (p <0.01) (Table III). 

No significant difference was found between group 
IA and IB in either maximal or minimal systolic BP. 

Exercise testing: Twenty-one of the 25 diabetic 
subjects who underwent ambulatory monitoring and 1 
other patient participated in the exercise testing. 

Eleven of the diabetic men had abnormal HR varia- 
tion and 11 had normal responses to respiration. 

The maximal heart rate on exercise was somewhat 
lower in group IA than in group IB, but the difference 
was not statistically significant. Similarly, the duration 
of exercise and the maximum systolic BP were some- 
what lower in group IA than in group IB, but none of the 


differences in these variables were significant. Eight _ 
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diabetic males with AN and 10 without AN achieved a 


stage III level of exercise (Table IV). 


The number of subjects with glucose levels greater - 


than 150 mg/dl who exercised less than 540 seconds was 
compared with number performing for more than 540. 
seconds, and the degree of hyperglycemia had no 
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` TABLE IV Exercise Data for Group ІА and Group IB 
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TABLE V Comparison of Heart Rates and Systolic Blood | 
Pressures in Diabetic Men With and Without 


Peripheral Neuropathy 





Group ІА Group IB 
(n = 11) (n = 11) 
Standing HR 83 + 13 81 + 14 
Ea min) N 
Sta tage | HR 116 + 17 113 + 18 
alain) NS 
tage | HR 37 + 17 33 + 16 
cceli NS 
. Stage ll HR 135 + 16 133 + 19 
(beats/min) NS 
. AStage II HR 52 + 16 53 + 22 
E (beats/min) NS 
t" Stage Ill HR 154 + 13 145 + 17 
? (beats/min) (8) (10) 
Даде Ill HR 69 + 18 70 + 26 
. (beats/min) (8) (10) 
E N 
bs ` Maximal HR 150 + 16 158 + 10 
(beats/min) NS 
. AMaximal HR 68 + 21 78 + 25 
(beats/min) NS 
Maximal SBP (mm Hg) 205 + 112 216 + 29 
NS 
, Duration of exercise 509 a 112 547 + 147 
N 
FAI (96) 8+ 16 0.1 + 22 
NS 





Values are mean + standard deviation. 
FAI = functional aerobic impairment; HR = heart rate; NS = not 
ре тоат. SBP = systolic blood pressure. 


Peripheral neuropathy: Of 25 diabetic subjects, 17 
_had evidence of peripheral neuropathy (PN) on neu- 
. rologic examination. Seven of 8 patients who also had 
nerve conduction studies had abnormal findings on this 
examination as well. Of 8 patients with normal results 
on neurologic examination who had nerve conduction 
Ке, 6 had normal conduction. The duration of di- 
_ abetes was 11 + 7 years in those with PN and 9 + 7 years 
for those without PN (difference not significant). 

Of 13 subjects with AN, 10 had PN as well and 3 had 


f no evidence of PN. Of the 12 subjects without AN, 7 had 


3 


PN and 5 did not. Thus, most patients with AN had PN, 
- Whereas those without AN frequently had PN. Of the 


р 17 patients with PN, 10 had AN and 7 did not. 


st 


КА” 


oy Dum ccm 
A 


AVER. 5 HIGHEST AND 5 LOWEST (beats /min) 


Ee =” a 


кз” 


I. 


On 24-hour monitoring no difference in minimal HRs 


| or the mean of 5 highest and 5 lowest rates was observed 
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20 52 84 I6 148 180 211 243 275 


307 339 
HEART RATE VARIATION (beats/min) 

` FIGURE 1. Mean of 5 highest and 5 lowest heart rates on 24-hour 

_ ambulatory monitoring compared with heart rate variation on deep 

inspiration. 
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With PN Without PN 
(n = 17) (n = 8) 
Age (yr) 56 + 8! 56 + 6 
NS 
Inspiratory HR 88+9 81 ±8 
(beats/min) NS 
Expiratory HR 75 + 12 69 + 8 
(beats/min) NS 
HR variation 12 ±9 T) 4:5 
(beats/min) NS 
24-Hour Monitoring 
Mean max 5 HR 104 + 14 102 + 10 
(beats/min) NS 
Mean min 5 HR 69 + 11 64+ 10 
(beats/min) 
Single max systolic BP 161 + 32 173 + 40 
(mm H NS 
Mean 5 max systolic BP 142 + 19 163 + 40 
(тт На) (р <0.07) 
Single min systolic ВР 94 + 12 95 + 17 
(тт На) NS 
Mean 5 min systolic BP 95 + 10 101+ 19 
(mm Hg NS 
Mean 5 max + 5 min systolic 119 + 12 132 + 25 
BP (mm Hg) NS 


Values are mean + standard deviation. 
BP = blood pressure; HR = heart rate; NS = not significant; PN = 
peripheral neuropathy. 


between those with and those without PN (Table V). 

The mean of the 5 highest systolic BPs during the 
24-hour period was higher in those without PN than in 
those with PN, but the difference was not significant (p 
<0.07) (Table V). 

When patients with PN were compared with those 
without PN on stress testing, the duration of exercise 
of the former group was less than that of the latter group 
(p <0.05). The functional aerobic impairment (FAI) was 
greater for those with PN than without PN (p <0.05) 
(Table VI). Ten patients with PN exercised for less 
than 540 seconds and all but 1 without PN achieved a 
higher level of exercise performance. Only 11 of 17 
patients with PN reached a stage III level of exer- 
cise, but 7 of 8 of those without PN reached a stage 
III level. 

The maximal systolic BP was slightly but not sig- 
nificantly higher for those without PN. However, the 
HR at each stage of exercise and the maximal HR were 
similar (Table VI). 

Relation of heart rate variation and heart rate 
on ambulatory monitoring and exercise: When HR 
variation was compared with the mean of 5 high and 5 
low heart rates on 24-hour monitoring, a weak correla- 
tion was observed (r = 0.431) (p = 0.02) (Fig. 1); between 
HR variation and mean 5 highest heart rates, it was r — 
0.402 (p «0.03) (Fig. 2). The correlation between HR 
variation and maximal exercise HR was only г = 0.313 
(p <0.07) (Fig. 3). 


Discussion 


We believe this is the first study to use 24-hour. 
monitoring of both HR and BP in diabetic subjects, 
some of whom had AN or PN or both. 


: Other investigators concluded that 20 to 40% of all 
diabetic subjects have some abnormality of the auto- 
nomic nervous system, even when the subject is 
asymptomatic.?1? Furthermore, diabetic patients with 
such dysfunction have a higher mortality rate,» the 
cause of which is unclear. Evidence of parasympathetic 
denervation had been considered by some to precede 
that of peripheral neuropathy.!? However, Clements!^4 
asserted that AN is rare in the absence of sensorimotor 
dysfunction.“ 

Early vagal damage has been effectively diagnosed 
by measurements of HR variation during respiration by 
electrocardiography!? or by computer.!? We therefore 
used respiratory variation to identify diabetics with AN. 
Although HR response to tilting and to the Valsalva 
maneuver have also been used, the response to respi- 
ration is most sensitive.19.!7 

In our study, 13 of 25 diabetic men (52%) had ab- 
normal respiratory HR variation, compared with 3 of 
13 control subjects (23.1%). The presence of abnormal 
variations in control subjects may have been secondary 
to aging, since the difference between inspiratory and 
expiratory HRs in normal subjects 30 to 60 years old 
have been reported to be only 16.7 beats/min (range 6 
to 28).16 This is similar to the range in our control 
subjects, 16 + 6 beats/min; this value is significantly 
greater than that in diabetic patients in a similar age 
group. 

'The diabetic men in this study and in those reported 
by Beylot et аІ!6 had higher expiratory rates than con- 
trol subjects. Our patients, however, also had higher 
inspiratory rates than normal persons. 

Although most of the diabetic subjects with AN had 
PN as well, autonomic dysfunction may precede PN, as 
Sundkvist suggested!?; 3 of the 13 subjects with AN did 
not have PN. Patients with PN frequently had no AN. 
Furthermore, the development of neither AN nor PN 
was influenced by the duration of diabetes. 

On 24-hour monitoring, diabetic subjects with AN 
had higher maximal HRs than either patients without 
AN or control subjects. Similar findings have been re- 
ported by Ewing and Clarke,!? and this was confirmed 
on 24-hour monitoring.!? Ewing et al!® also found 
sleeping rates to be higher in diabetic subjects. We did 
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20 52 84 иб 148 180 20 243 275 307 339 
HEART RATE VARIATION (beats/min) 
FIGURE 2. Mean of 5 highest rates on 24-hour ambulatory monitoring 
compared with heart rate variation on deep respiration. 
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TABLE М Exercise Data for Diabetic Men With and 
Without Peripheral Neuropathy 
With PN Without PN 
(n = 14) (n = 8) 

Standing HR 80 + 16! 85 + 13 
(beats/min) 

Stage | HR 113 + 16 117 + 19 
(beats/min) NS 

AStage | HR 34+ 14 33 +21 
(beats/min) 

Stage II HR 132 + 14 137 + 22 
(beats/min) N 

AStage II HR 5275 15 53 25 
(beats/min) NS 

Stage Ill HR 150 + 13 153 + 12 

NS (7) 

AStage III HR 70 + 22 70 + 24 
(beats/min) (1) (7) 

Maximal HR 151714 15 160+ 9 
(beats/min) NS 

AMaximal HR 71+ 26 75 + 18 
(beats/min) NS 

Maximal S BP 203 + 16 226 + 26 
(mm Hg) NS 

Duration of exercise 495 + 115 581 + 142 
(5) (р <0.05) 

FAI (96) +12+ 14 —10 + 20 

(p <0.05) 


Numbers in parentheses indicate number of patients. 
Values are mean + standard deviation. 
Abbreviations as in Table IV. 


not examine sleeping vs waking HRs, but Ewing et al!? 
observed that sleep variations reflected the 24-hour 
trend. Although only the minimal rates were higher in 
their study, we found that maximal rates were also el- 
evated above those of control subjects. This tendency 
to increased HRs is similar to the findings in patients 
with transplanted denervated hearts. 

Simultaneous 24-hour monitoring revealed that 
systolic BPs were statistically higher in diabetic men 
than in control subjects, but in patients with and 
without AN, BP values were similar. HR and BP ele- 
vations during the day may increase myocardial oxygen 
demand?? in patients with latent coronary artery disease 


and may have a role in the association of AN and sudden _ 


death. 
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20 52 84 I6 14.8 80 2111 243 275 307 339 


HEART RATE VARIATION (beots /min) 
FIGURE 3. Maximal heart rate during exercise testing compared with 
heart rate variation on deep respiration. 
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id Mm "The observation that айс BP i in онь with AN 
_ was higher than in control subjects contradicts the 
—— findings of Hilsted et al,” who observed that diabetic 
a subjects with AN had lower BPs. However, their pa- 
бї, tients may have had impaired sympathetic denervation, 
_ whereas sympathetic function in our groups was ap- 
. parently intact. Although we did not perform specific 
B аде of sympathetic function, we found that during 
_ exercise, subjects with and without AN had similar HRs 
К? г. h throughout all stages of the Bruce protocol. The young 
| subjects with AN studied by Hilsted et al,2° however, 
hen performing exercise with a bicycle ergometer, had 
` lower HRs at higher levels of exercise than patients 
wi vithout AN or normal control subjects. Because the 
major determinants of HR at peak stress are the work- 
3 Eo ` load and the sympathetic drive, our subjects may have 
S 3 had an intact sympathetic nervous system, whereas 
| juveniles i in the study of Hilsted et al?° may have had 
. impaired function. However, we cannot exclude the 
E ossibility that both those with and without AN may 
have had an equally depressed sympathetic drive, 
especially since a decrease in sympathetic function has 
a диш observed to occur as a consequence of aging. The 
E ао between the normal апа abnormal subjects 
| in Hilsted’s young patients may therefore have been 
. more apparent. Furthermore, a reduced exercise ca- 
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= control subjects has been observed by us,’ and was ac- 
E "companied by evidence of ST-segment abnormalities 
` and defects on myocardial scintigraphy.! Decreased 

ото performance secondary to coronary ог myo- 

` cardial disease may therefore have limited the exercise 

. tolerance of both groups and the effects of autonomic 
— dysfunction may have been obscured. 

d — Finally, our results may have been different from 

E hose of Hilsted et al because different exercise 
3 . modalities were used (treadmill vs bicycle), but since 
- both require the use of lower extremity muscles, this is 
unlikely. 

BN produced changes not observed with AN. Despite 
og maximal HRs on exercise diabetic men with PN 
` had a poorer exercise performance than those without 
E — PN. Although none were symptomatic, latent dys- 
, function may have become manifest during exercise. It 

5 also possible (but unproved) that these diabetic 
ih subjects with PN may have had more occult coronary 
artery disease or уос не dysfunction than those 
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С pacity in middle-aged diabetic men compared with. 





| ее PN. Although none had symptoms, latent 


dysfunction may have become manifest during exercise. 
It is also possible (but unproved) that these diabetic 
subjects with PN may have had more occult coronary 
artery disease or myocardial dysfunction than those 
without PN. 


Acknowledgment: We thank George Sherrard and Joseph 


Feldman, MD, for their contribution to the statistical analyses 
in this manuscript. 


19. 


20. 


References 


. Abenavoli T, Rubler S, Fisher VJ, Axelrod HI, Zuckerman KP. Exercise 


testing with myocarcial scintigraphy in asymptomatic diabetic males. Cir- 
culation 1981;63:54—64. 


. Hilsted J, Galbo H, Christensen NJ, Parving HH, Benn J. Haemodynamic 


changes during graded exercise in patients with diabetic autonomic neu- 
ropathy. Diabetologia 1982;22:318-323. 


. Wheeler T, Watkins PJ. Cardiac denervation in diabetes. Br Med J 1973; 


4:584-586. 


. Hilsted J, Jensen SB. A simple test for autonomic neuropathy in juvenile 


diabetes. Acta Med Scand 1979;205,385-387. 


. Ewing DJ, Dorsey DQ, Bellavere F, Clarke BF. Cardiac autonomic neu- 


ropathy in diabetes. Comparison of measures of R-R interval variation. 
Diabetologia 1981;21:18-24. 


. Rubler S, Abenavoli, T, Greenblatt HA, Dixon JF, Cieslik, CJ. Ambulatory 


blood pressure monitoring in diabetic males: а method for detecting blood 
pressure elevations undisclosed by conventional methods. Clin Cardiol 
5;1982:447-454. 


. Bruce RA. Exercise testing of patients with coronary heart disease. Prin- 


ciples and normal standards for evaluation. Ann Clin Res 1971;3:323- 
332 


. Bruce RA, Kussumi F, Hosmer D. Maximal oxygen intake and nomographic 


assessment of functional aerobic impairment in cardiovascular disease. 
Am Heart J 1973;85:546-562. 


. Clarke BF, Ewing DJ. Cardiovascular reflex tests. NY State J Med 1982; 


82:903-908 


. Ewing DJ, Clarke BF. Diagnoses and палете of diabetic autonomic 


neuropathy. Br Med J 1982;285:916-918 


. Ewing DJ, Campbell М, Clarke BF. Mortality in diabetic autonomic neu- 


ropathy. Lancet 1976;1:601-603. 


. Page M McB, Watkins PJ. Cardiorespiratory arrest and diabetic autonomic 


neuropathy. Lancet 1978;1:14—16. 


. Sundkvist G. Autonomic nervous function in asymptomatic diabetic patients 


with signs of peripheral neuropathy. Diabetes Care 1981;4:529-534. 


. Clements RS, Jr. Diagnostic pathogenetic and therapeutic aspects of dia- 


betic neuropathy. Special Topics in Endocrinology and Metabolism 
1982;3: 1-43. 


. Smith SE, Smith SA. Heart rate variability in health subjects measured with 


a bedside computer based techniques. Clin Sci 1981;61:379-381. 


. Beylot M, Haro M, Orgiazzi J, Noel G. Abnormalities of heart rate and arterial 


blood pressure regulation in diabetes mellitus. Relation with age, duration 
of diabetes and presence of peripheral neuropathy. Diabetes Metab 
1983;9:204-211. 


. Mackay JD, Pag MM, Cambridge J, Watkins PD. Diabetic autonomic 


neuropathy: the diagnostic value of heart rate monitoring. Diabetologia 
1980;18:47 1-478. 


. Ewing DJ, Borsey ОО, Travis, P, Bellavere F, Neilson JMM, Clarke BF. 


Abnormalities of ambulatory 24 hour heart rate in diabetes mellitus. Diabetes 
1983;32:101- 105. 

Kitamura K, Jorgensen CR, Gobel FL, Taylor HL, Wang Y. Hemodynamics 
correlates of myocardial oxygen consumption during upright exercise. J 
Appl Physiol 1972;32:516-522. 

Hilsted J, Galbo H, Christensen NJ. Cardiovascular, hormonal and metabolic 
responses to graded exercise in juvenile diabetic with and without autonomic 
neuropathy. Acta Pediatr Scand 1980;283:suppl:95- 100. 


"^ Fa ow i. Т”, - u я, 2 "I um & Е" ЕЕ ул : та 
DT. ' ] 3 VM Ld ] i Je" RON ч 1 " + } т 
a ГА; _ eir "wi 


~. 
A 
"- 


k 7 Pr. 
TS ee 


EXPERIMENTAL STUDIES 





Electrophysiologic Effects of Flecainide Acetate 
and Its Major Metabolites in the Canine Heart 


JANEL GUEHLER, BS, CHARLES C. GORNICK, MD, Н. GARETH TOBLER, MD, 
ADRIAN ALMQUIST, MD, JACK R. SCHMID, PhD, D. WOODROW BENSON, Jr., MD, PhD, 
and DAVID G. BENDITT, MD 





Flecainide acetate, an investigational class 1 anti- 
arrhythmic agent, undergoes biotransformation in 
man with production of 2 major metabolites: meta- 
O-dealkylated flecainide (S-24623) and the meta- 
O-dealkylated lactam of flecainide (S-26191). This 
study compared the effects of flecainide, S-24623 
and S-26191 on cardiac electrophysiologic char- 
acteristics in the anesthetized dog. Each dog re- 
ceived 2 dose levels of 1 of the 3 test compounds 
after control measurements. Flecainide (2 and 4 
mg/kg in 8 dogs), S-24623 (4 and 8 mg/kg in 8 
dogs) and S-26191 (4 and 10 mg/kg in 7 dogs) were 
administered intravenously in dilute solution. Of the 
3 compounds, only flecainide significantly prolonged 
sinus cycle length (p «0.01). However, both fle- 
cainide and S-24623 significantly prolonged mini- 
mum atrial paced cycle length with 1:1 atrioven- 
tricular conduction, atrioventricular nodal effective 


and functional refractory periods, and right ven- 
tricular effective refractory period. Metabolite S- 
26191 exhibited qualitatively similar but much 
weaker electrophysiologic actions. The maximal 
electrophysiologic effects of flecainide and S-24623 
were approximately equivalent, but the metabolite 
was about one-half as potent on a milligram-per- 
milligram basis, and lacked marked effects on in- 
franodal (HV interval) conduction. S-26191 was less 
than one-tenth as potent as flecainide. Therefore, 
since both flecainide metabolites occur primarily in 
the conjugated form in plasma (i.e., free metabolite 
concentrations are low), it is unlikely that these 
compounds either potentiate flecainide's antiar- 
rhythmic action or increase susceptibility to drug 
toxicity in the clinical setting. 


(Am J Cardiol 1985;55:807-812) 





Flecainide acetate (N-(2-piperidyl-methyl)-2,5-bis- 
(2,2,2-trifluoroethoxy) benzamide acetate) is a prom- 
ising class 1 antiarrhythmic agent undergoing clinical 
investigation in the U.S.'-? After a single intravenous 
dose in healthy subjects, plasma flecainide levels de- 
crease rapidly during the first 15 to 30 minutes, after 
which the rate of flecainide elimination is slow, with a 
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plasma half-life of 7 to 19 hours.?? Flecainide is elimi- 
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nated from the body primarily by renal excretion of _ 


both unchanged drug and fluorine containing metabo- 
lites. The plasma pharmacokinetics of the flecainide 
metabolites appear to parallel the parent compound 
closely.9? 

Two principal flecainide metabolites have been 
identified in urine and plasma of flecainide-treated 
human subjects? and have been synthesized for study: 
S-24623, the meta-O-dealkylated compound and S- 
26191, the meta-O-dealkylated lactam of flecainide. It 
is uncertain whether either S-24623 or S-26191 con- 
tribute to the electrophysiologic effects of flecainide in 
vivo. In preliminary studies, S-24623 exhibits antiar- 
rhythmic actions in canine models of both ouabain- 
induced and coronary artery ligation-induced ven- 
tricular tachyarrhythmias. However, the metabolite was 
2 to 5 times less potent than flecainide itself.919 Me- 
tabolite S-26191, on the other hand, although only 
tested in the ouabain-induced ventricular tachycardia 
model, was without demonstrable antiarrhythmic effect 
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Д ` TABLE | Effect of Flecainide, S-24623 and S-26191 on Sinus Cycle Length and Conduction Intervals 





SA Flecainide S-24623 S-26191 
3 = C L H C L H C L H 
s Sinus CL (ms) 589 + 205 684 + 229* 668+ 148* 551 + 79 616 + 105 630 + 130 657 + 88 656 + 177 664+ 169 
ву AH interval (ms) 63210 275-4 14 87 + 20 OF E 127. 59 11 60 + 15 59 + 14 58 + 11 57 + 9 
НУ interval (ms) 30+ 4 38+ 5* 50-4 15* 40 + 15 407 42 + 10 28 + 5 32+ 6 3115 
— . Minimum CL with 1:1 AV 248 + 32 270::33* 332463” 228 + 18 254 +307 278+ 30% 249 + 33 273437 291 + 92 
бүл; . conduction (ms) i 

Bv p <0.01 vs control; ! p «0.05 vs control. 
a j AV = atrioventricular; C = control; CL = cycle length; Н = high dose; L = low dose. 
8 
p. 
Be at doses 5 to 10 times those of flecainide.!? The present stolic threshold. (4) Ventricular effective refractory period at 
i study further evaluates the potential electrophysiologic basic pacing frequencies of 450 and 350 ms with stimulus 
` effects of S-24623 and S-26191 and compares their ac- strength twice diastolic threshold. | 
` tions with those of the parent compound. In each experiment, control recordings were obtained fol- 
Ж lowing an initial minimum 30-minute stabilization period. The 
E Methods first of the 2 doses of each compound being tested was then 
OM administered intravenously as a single bolus infused over 3 
B. Twenty-three mongrel dogs of either sex that weighed 14 to 5 minutes. Electrophysiologic measurements were obtained 
... to 29 kg were studied in З groups of experiments. АП dogs were beginning 20 to 30 minutes after initiation of drug infusion. 
m anesthetized initially with thiamylal sodium (500 mg) followed The process was repeated with the second dose. 
— by a chloralose (100 mg/kg). Oxygenation was maintained The doses of the metabolites were chosen on the basis of 
d using positive-pressure ventilation (Harvard Model 607 res- preliminary observations in canine models of ventricular 


-~ pirator) with room air through a cuffed endotracheal tube. 
`. A standard 6Fr tripolar electrode catheter was introduced 
after surgical exposure of the right or left femoral vein, and 
was positioned under fluoroscopic guidance across the tri- 
` cuspid valve in order to record His bundle electrograms. 
Similarly, a 6Fr quadpolar electrode catheter was introduced 
. into the right jugular vein, and was positioned initially in the 
right atrium for atrial pacing and recording, and later at the 
` apex of the right ventricle for pacing and recording. Intra- 
_ cardiac electrograms (filtered between 50 and 1,000 Hz) and 
-a lead II surface electrocardiogram were recorded at 100 mm/s 
. using a 3-channel ink-jet recorder (Gould model 2400). 

. Electrophysiologic measurements were obtained by man- 


. ually digitizing experimental recordings (Houston HiPad 
t digitizer). Local activation of bipolar electrograms was defined 
. as the point at which the first most rapid deflection crossed 
2 the isoelectric line. Individual data points were computer 
р Stored (PDP 11/34) during the measurement process, and 


subsequently the compiled data in each experiment were used 
` to determine electrophysiologic characteristics of refractori- 
ness and conduction. 

Electrophysiologic measurements: Dogs were studied 
in 3 subsets of experiments (see later) and the following 
measurements were obtained: (1) Intervals during sinus 
rhythm: sinus cycle length, AH interval and HV interval. (2) 
- Minimum cycle length with 1:1 atrioventricular (AV) con- 
. duction. (3) Effective and functional refractory periods of the 

AV node in the anterograde direction at basic pacing cycle 
lengths of 450 and 350 ms with stimulus strength twice dia- 


S-24623 
FLECAINIDE META-O-DEALKYLATED 
FLECAINIDE 
H H 
| TES CAS D 
N— —CH 
{ 2 
О+с7 y O=C™ pM 
H 
OCH,CF, OCH,CF, 


HO 


tachycardia, suggesting that S-24623 was at least 2 to 5 times 
less potent than flecainide, while S-26191 was even less po- 
tent.!° Thus, compared with a conventional flecainide dose 
of 2 mg/kg,!!-1? the S-24623 doses chosen for this study were, 
respectively, 2 and 4 times greater on a milligram-per-milli- 
gram basis. The doses of S-26191 were limited by availability 
of pure compound, and were, respectively, 2 and 5 times 
greater than the standard flecainide dose. 

In dogs in group 1 (n = 8), the electrophysiologic effects of 
flecainide acetate were studied at doses of 2 mg/kg (low dose) 
and 4 mg/kg (high dose). Flecainide acetate powder was dis- 
solved in distilled water to 0.1% solution. 

In dogs in group 2 (n = 8), S-24623 was dissolved in distilled 
water to 0.5% concentration and was administered at doses 
of 4 mg/kg (low dose) and 8 mg/kg (high dose). 

In dogs in group 3 (n = 7), S-26191 was dissolved using low 
heat and a sonicator in 0.1 N NaOH. The resulting solution 
was then diluted to 0.5% with distilled water and doses of 4 
mg/kg (low dose) and 10 mg/kg (high dose) were administered 
intravenously. 

Definition of terms: AV nodal effective refractory period 
(AVNERP) was obtained during atrial pacing at a fixed cycle 
length (A,A,) using the extrastimulus technique (Ag), and was 
defined as the shortest A1AÀ» interval measured on the low 
septal right atrial electrogram with conduction to the His 
bundle. 

AV nodal functional refractory period (AVNFRP) was 
similarly obtained by the atrial extrastimulus technique, and 
was defined as the shortest interval achieved between suc- 


$-26191 
META-O-DEALKYLATED 
LACTAM OF FLECAINIDE 


H 
N—CH f FIGURE 1. The chemical structures of 
быз 2 ^N O flecainide and its 2 major metabolites 
| (S-24623 and S-26191) in humans. 
OCH,CF, 
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TABLE || Effect of Flecainide, S-24623 and S-26191 on Atrioventricular Nodal and Ventricular Refractory Periods 





Flecainide S-24623 5-26191 
С ki H С Ё H С L H 

Cycle Length 450 ms 
AVNERP 191 + 43 226 + 35 276 + 73* 150 + 19 199 + 44ї 225 + 36* 188 + 53 196 + 30 190 + 281955 
AVNFRP 271+ 30 3086 +21” 368 + 97° 273.+ 15 296 + 26 315 = 27 272 + 39 285433! 288 + 30 
RVERP: 189 + 51 191+ 21 299 4 39* 172 + 16 189 + 19* 208 + 20* 178 + 14 188 + 20 187 + 10 

Cycle Length 350 ms 
AVNERP 192 + 34 219 + 44 233 + 50! 159 + 14 194 + 251 215 + 29* 192+ 76 200+ 40 200 +39 
AVNFRP 264 + 30 290 + 197 321 + 14* 268 + 17 286 + 21+ 300 + 23* 265 +33 280 + 26 279 + 241 
RVERP 176 + 53 178 + 20 218 + 38* 165 + 16 173 + 19 188 + 20* 178 + 14 188 + 21 187 + 10 


* p <0.01 vs control; ї p <0.025; * p <0.05. 


AVNERP = atrioventricular nodal effective refractory period; AVNFRP 


— atrioventricular nodal functional refractory period; C — control; H 2 


high dose; L = low dose; RVERP = right ventricular effective refractory period. 


cessive His bundle depolarization (ie, the minimum HiHs. 


interval achieved). 

Right ventricular effective refractory period (RVERP) was 
obtained by the extrastimulus technique during fixed-cycle- 
length right ventricular pacing, and was defined as the shortest 
interstimulus interval with ventricular capture. 

Statistical analysis: Univariate analysis of variance for 
repeated measurements was used to analyze the electro- 
physiologic effects of each drug. Overall statistical significance 
was based on Greenhouse-Geisser probability as calculated 
by the BMDP2V statistical program,!^ and subsequent mul- 
tiple comparisons were made using Dunnett’s method. 


Results 


Chemical structures of flecainide and its 2 major 
metabolites, S-24623 and S-26191, are depicted in 
Figure 1. Electrophysiologic findings in each subset of 
experiments are summarized in Tables I and II. 

Sinus cycle length and conduction intervals: All 
3 compounds tended to prolong sinus cycle length (slow 
heart rate), but only flecainide (at both doses tested) 


resulted in statistically significant cycle length pro- 
longation. The AH interval in sinus rhythm was not 
significantly altered by any of the compounds; however, — 
both doses of flecainide resulted in significant prolon- 
gation of HV intervals measured during sinus rhythm 
(p «0.01) (Table I, Fig. 2), whereas neither 5-24628 nor 
S-26191 had measurable effects (Table I, Fig. 3). 

Minimum cycle length with 1:1 atrioventricular 
conduction: Flecainide and S-24623 at both low and 
high dose levels significantly prolonged the minimum 
atrial paced cycle length with 1:1 AV conduction (Table 
D. By way of comparison, low-dose flecainide prolonged 
the minimum 1:1 cycle length by 9% on the average, 
while S-24623 resulted in a 16% prolongation. At high 
dose levels, these changes were 34% and 21%, respec- 
tively. Metabolite S-26191 had no statistically signifi- 
cant effect on minimum cycle length with 1:1 AV 
conduction. 

Atrioventricular nodal refractory periods: The 
effects of flecainide and its metabolites on AVNERP 
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B. AV NODE REFRACTORY PERIODS 
BCL 450 ms 
500 
450 
400 
350 
300 
250 
200 ° e Control 
150 o—o 2mg/kg 





100 200 300 400 500 600 
A17 Ao (ms) 


FIGURE 2. Findings in a single experiment illustrating the effects of flecainide (2 and 4 mg/kg) on atrioventricular (AV) conduction characteristics 
during incremental atrial pacing and on characteristics of atrioventricular nodal refractoriness assessed by atrial extrastimulus testing at a basic 
pacing cycle length (BCL) of 450 ms. A, the slope of the AH interval vs pacing cycle length curve is progressively steeper as the flecainide dose 
is increased. The minimum cycle length with 1:1 AV conduction is longer with high-dose flecainide administration than either in the control state 
or during low-dose flecainide infusion. The HV interval is clearly prolonged by flecainide in this study. B, both AV nodal effective and functional 
refractory periods (see definitions in text) increase during low-dose and then high-dose flecainide administration. 


: FIGURE 3. Findings in a single experiment illustratin 
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and high-dose S-24623 than in the control state, and the minimum cycle len 
eased slightly as low-dose and then high-dose S-24623 was administ 


CL= 450ms 


CL=350ms 





AVNFRP 





RVERP 
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*p«0.01 
**p« 0.025 (mg/kg) 
*eep< 0.05 
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| g the effects of metabolite S-24623 (4 and 8 mg/kg) on atrioventricular (AV) conduction char- 
in teristics during incremental atrial pacing and on characteristics of AV nodal refractoriness assessed by atrial extrastimulus testing at a basic 
pacing cycle length (BCL) of 450 ms. The format is identical to that of Figure 2. A, the AH interval vs pacing cycle length curve is steeper at both 
gth with 1:1 AV conduction is prolonged. In this study the HV interval 


Ў ered. В, both AV nodal effective and functional refractory periods prolong 
_ progressively from control value as the low dose and then the high dose of S-24623 are infused. 


FIGURE 4. Effects of flecainide, S- 
24623 and S-26191 on atrioventricular 
nodal effective and functional refractory 
periods and right ventricular effective 
refractory period. The ordinate indi- 
cates drug-induced percent change 
(mean + standard deviation) from 
control for each measurement and the 
abscissa the dose of each agent ad- 
ministered. Left, results obtained at a 
basic pacing cycle length (CL) of 450 
ms; right, results at a pacing CL of 350 
ms. Although complete dose-response 
relations were not obtained, these 


graphs provide an estimation of the 


relative potency of each compound. 


"3 t. 
a ^ 
j Wik 


LL % 7 
T? м о ЕРОС an 


A а НҮ Күр. 
AUS UI ers n 


ҢЕР, 


ме. " 3 ә т. d - yee j k 1 E j^ 
куйы ы cU MEM { MANET LL Ж ESTE VO ia 
|-— 37:3 Ah COMES COTES I I rcv uM CE i vie AL ere i E. V Ub 


~ 
Өрт” 


and AVNFRP are shown in Figures 2 and 3 and sum- 

marized in Table II and Figure 4. At each of the basic 
pacing cycle lengths tested, both flecainide and 5-24628 
prolonged AVNERP and AVNFRP (Fig. 2 and 3). S- 
26191, in contrast, had no effect on AVNERP, but did 
result in significant prolongation of AVNFRP. 

In general, the high dose level of each of the 3 com- 
pounds resulted in the most consistent electrophysio- 
logic changes. However, although differences were not 
uniformly statistically significant, flecainide and 5- 
24623 appeared to have dose-dependent effects, with 
measurements at the low dose levels being intermediate 
between control and high dose values (Table II). In 
addition, the effects of flecainide and S-24623 on elec- 
trophysiologic characteristics of AV nodal refractoriness 
were of a similar order of magnitude at the high dose 
levels. For instance, in terms of percent change from 
control mean value (at a basic pacing cycle length of 450 
ms), flecainide lengthened AVNERP by 45%, whereas 
S-24623 administration resulted in a 50% prolongation. 
Similarly, flecainide and S-24623 induced 36% and 15% 
prolongation of AVNFRP, respectively. S-26191, in 
contrast, exhibited less prominent electrophysiologic 
effects than either flecainide or S-24623 (Table II). 

Right ventricular effective refractory period: 
Flecainide and S-24623 prolonged RVERP at both basic 
pacing cycle lengths, with changes being most marked 
at the high dose level of each compound (Table II, Fig. 
4). Metabolite S-26191 did not alter RVERP measure- 
ments. As with AV nodal refractory period measure- 
ments, the effects of high-dose flecainide апа S-24623 
on RVERP were of a similar order of magnitude both 
at a basic pacing cycle length of 450 ms (flecainide, 
+23%, and S-24623, +21%) and at a basic pacing cycle 
length of 350 ms (flecainide, +24%, and 85-24623, 
+14%). 


Discussion 


Findings in this study indicate that both major 
human metabolites of flecainide acetate, S-24623 and 
S-26191, exert electrophysiologic effects in the intact, 
anesthetized canine heart. In addition, although a 
complete dose-response relation was not derived, the 
electrophysiologic actions of flecainide at 4 mg/kg and 
S-24623 at 8 mg/kg appear to be of a similar order of 
magnitude. Thus, our results suggest that flecainide and 
S-24623 exhibit quantitatively similar electrophysio- 
logic effects in the experimental model, although on a 
milligram-per-milligram basis the metabolite is, at most, 


half as potent as the parent compound. Metabolite S-. 


26191 has only relatively weak electrophysiologic ac- 
tions even at doses 2 to 5 times those of flecainide itself. 
Based on the effects of S-26191 on АУМЕКР, its po- 
tency is estimated to be at least 10 times less than that 
of flecainide. 

'The estimated order of potency of electrophysiologic 
effects of flecainide, S-24623 and S-26191 in this study 
is consistent with previous preliminary reports exam- 
ining the antiarrhythmic effects of these drugs in canine 
ventricular tachyarrhythmia models.!° Thus, if present 
in sufficient concentration, the major flecainide me- 
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fabolites (most mo S-24623) could oe UN Г 
arrhythmic and electrophysiologic actions additive ор 
those of the parent compound. 

Biotransformation of flecainide in man resulted in 
production of S-24623 and S-26191 (Fig. 1), and 2or3 _ 
very minor compounds.?? However, only unchanged — е 
flecainide and the 2 major metabolites are present in _ 
measurable concentrations in plasma of rlecainide И 
treated humans.® Furthermore, although plasma levels 3 
of total flecainide metabolites in humans have been. А 
reported to be 1 to 2 times greater than those of fle- » 
cainide itself, S-24623 and S-26191 are present pri- - 
marily as either glucuronide or sulfate conjugates. _ 
Plasma levels of free (unconjugated) S-24623 have been | 
reported in both healthy subjects (less than 20 ng/m! 3 
with single doses) and patients with premature ven-. T. 
tricular beats (less than 50 ng/ml with multiple dosage) | 4 
at a time when plasma flecainide levels range from 200 - 
to 1,600 ng/ml? Plasma levels of unconjugated S-26191 : 
have been reported to be similarly low.® Thus, the _ 
concentrations of free S-24623 or S-26191 available in - 
vivo for interaction with cardiac membranes are sub- | 
stantially less than is the case for flecainide itself. _ 

Clinical implications of flecainide metabolites: © 
The presence of active metabolites that may, unpre- - 
dictably, either potentiate antiarrhythmic actions of the _ 
parent drug or alternatively increase the possibility of еу 
drug toxicity, is an important factor complicating the _ 
pharmacokinetics of several antiarrhythmic agents. For _ 
example, N-acetylprocainamide, the major metabolite — 
of procainamide, exhibits clinically significant antiar- - 
rhythmic activity.16!7 However, plasma levels of N- — 
acetylprocainamide vary markedly among procain- 
amide treated patients, and assessing the therapeutic _ 
contribution of the metabolite during procainamide | 
therapy is difficult. Similarly, active metabolites com- — 
plicate administration of several investigational anti- E 
arrhythmic drugs, such as encainide!9-?! and lorcain- | 
ide.2! In the case of encainide, 2 active metabolites, d 
O-demethyl encainide and 3-methoxy O-demethyl en- 
cainide, are believed to contribute importantly to the © 
antiarrhythmic action of the parent drug during chronic | 
therapy. However, 5 to 10% of patients metabolize en- ў 
cainide slowly and fail to produce significant levels of № 
the active metabolites.!%2° 4 

Findings in the present study suggest that desmiti 
qualitative similarities between electrophysiologic ef- | 
fects of flecainide and its principal metabolites, both © 
S-24623 and S-26191 lack the potency of the рай Шш 
compound. Consequently, given the relatively low | 
concentrations of unconjugated metabolites in plasma ; 
of flecainide-treated райепіѕ, it is unlikely under most А 
clinical circumstances that in vivo production of S- Я 
24623 апа S-26191 would either potentiate flecainide’s - 
antiarrhythmic effects or increase susceptibility to 
flecainide-induced drug toxicity. However, because . 
levels of unconjugated metabolites could be higher in 
certain disease states, further consideration should be 
given to their potential effects in the presence of severe . 
renal disease or chronic severe congestive heart - 
failure. i 
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Development of an Endocardial-Epicardial Gradient 
of Activation Rate During Electrically Induced, 
Sustained Ventricular Fibrillation in Dogs 


SETH J. WORLEY, MD, JUDITH L. SWAIN, MD, PAUL G. COLAVITA, MD, 
WILLIAM M. SMITH, PhD, and RAYMOND E. IDEKER MD, PhD 


Electrograms recorded with currently available 
electrodes become indistinct soon after the onset 
of ventricular fibrillation (VF); thus, little is known 
about transmural myocardial depolarization during 
VF. A plunge electrode system (plunge) was de- 
veloped that registers discrete deflections during VF. 
These plunges were used to record for 20 minutes 
after inducing VF with a single premature shock in 
20 open-chest dogs. In the first 6 dogs the epicar- 
dium was exposed to room temperature and in 14 
dogs transmural temperature was maintained at 
38°C. Electrograms recorded with the transmural 
plunges contained sharp, discrete deflections during 
early VF in all dogs. Over the next 20 minutes of VF, 
the rate, regularity of cycle length and discreteness 
of the deflections in the electrograms decreased 
with time, first at the epicardial level, then deeper 
toward the endocardium. In all dogs, however, dis- 
crete, regular, rapid deflections persisted in the most 
subendocardial electrogram throughout the re- 


cording period. In 8 dogs, transmural myocardial _ 


biopsy samples were taken before fibrillation, and 
at intervals after the onset of fibrillation. The high- 
energy phosphate content of the myocardium de- 
creased during VF, with comparable decreases in 
the epicardial and endocardial halves. Coronary 
perfusion was maintained during the first 20 minutes 
of VF in 6 additional dogs by cardiopulmonary by- 
pass. A gradient of activation rates did not develop 
on bypass, but did develop within 1 minute of halting 
bypass. Thus, the endocardial-epicardial gradient 
of activation rates during VF is caused by ischemia. 
It is not caused by transmural differences in ische- 
mia, however, as evidenced by the homogeneous 
transmural decrease in high-energy phosphate 
compounds during VF, nor is it caused by transmural 
differences in temperature. These findings suggest 
that the endocardium plays a dominant role in the 
maintenance of VF. 

(Am J Cardiol 1985;55:813-820) 
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During sinus rhythm, characteristic discrete deflections 
in electrograms recorded from the canine myocardium 
with extracellular electrodes identify local myocardial 
depolarization, i.e., activation.!-* With standard bipolar 
or unipolar electrodes these deflections become indis- 
tinct shortly after the onset of ventricular fibrillation 
(VF), whether the recording sites are epicardial, in- 
tramural or subendocardial.?-? Because of the loss of 
discrete deflections in extracellular recordings, little is 
known about the myocardial depolarization sequence 
during sustained VF. 
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We developed plunge electrodes with multiple bipolar 
recording sites that are sensitive to electrical activity 
in only a small volume of myocardial tissue. This was 
achieved by using close spacing between the 2 poles of 
the bipolar pairs.?:19 Such electrodes record discrete 
deflections during sustained VF. Using these electrodes, 
we recorded local myocardial depolarization at 4 to 5 
sites through the left ventricular (LV) wall in dogs 
during electrically induced, sustained VF. 


Methods 


Electrodes: The electrodes used in this study are specially 
modified plunge electrodes with an endocardial anchor to 
space the bipolar recording sites a known distance from the 
endocardium (Fig. 1). The poles of the bipolar pairs are sep- 
arated by 0.25 mm to provide discrete deflections during 
VF. 

Dog preparation: Twenty-six healthy mongrel dogs 
weighing 17.0 to 22.5 kg were anesthetized with 25 to 30 mg/kg 
of intravenous sodium pentobarbital. ''he dogs were intubated 
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.. with a cuffed endotracheal tube and ventilated using a Har- venous return line from the right atrium was clamped, the 















... vard volume cycle respirator. The heart was exposed through pump was stopped, and the femoral artery input line was 
. а left thoracotomy and suspended in a epicardial sling. The clamped. The transmural electrical activity was recorded with 
— specifically designed plunges were inserted into the LV free the plunges during VF for 20 minutes on cardiopulmonary 
— wall. VF was induced by a single shock delivered to the LV bypass and for 20 minutes after bypass was stopped. 
_ apex during the vulnerable period. Mechanical ventilation was Electronics: The input from each bipolar electrode pair 
_ discontinued with the induction of VF. Dogs 5 to 9 had 3 ml was amplified using a high-impedance differential amplifier 
_ of blood withdrawn from the LV cavity with a 25-gauge needle with filter settings of 0.1 to 1,000 Hz. The 25 bipolar signals, 
—— before VF and at 10 and 20 minutes after the onset of VF for limb leads I, II and III, and a time log were stored on a 32- 
` determining pH, Ро» and PCO». At the completion of the channel FM analog tape recorder (Ampex PR 2200). After the 
— study, a ventriculotomy was performed to confirm that the study was completed, the tape was played back and signal 
_ endocardial plunge units were properly seated. All data were tracings were made with a Mingograph 803 8-channel fluid-jet 
. discarded from any plunge unit that was not properly seated recorder. 
. on the endocardium at the time of ventriculotomy. Data from RR-interval determinations: The time from the primary 
- any plunge with an unstable baseline in normal sinus rhythm inflection point of 1 electrogram deflection to the inflection 
_ were also excluded. The remaining plunges are referred to as point of the subsequent electrogram deflection is referred to 
` “valid.” as the RR interval. The mean and standard deviation of the 
-The 26 dogs were separated into 4 groups. Six dogs (nos. 1 RR intervals from all electrograms on each valid plunge unit 
ч to 6) were studied with the heart exposed to room temperature were calculated for a 3-second electrogram sample at specific 
_ (25 to 27°C). In a second group of 6 dogs (nos. 7 to 12) the times after VF induction. 
_ transmural temperature was maintained at 38°C by super- Tissue analysis for metabolites: The transmural distri- 
+ fusion of the epicardial surface with lactated Ringers solution. bution of high energy phosphate compounds was examined 
_ Temperature measurements were made simultaneously at 3 in dogs 19 to 26. Four myocardial biopsy samples were ob- 
. Sites using a Baily® 23-gauge needle inserted into the heart tained from each dog, before VF and at 1, 5 and 10 minutes 
. perpendicular to the epicardium with 3 internally mounted after the onset of VF.!! The samples were immediately frozen 
.. thermocouples at 0.2, 0.8 and 1.5 cm from the needle hub. Six with liquid nitrogen and nucleotides and creatine phosphate 
_ dogs (nos. 13 to 18) were studied on cardiopulmonary bypass content was determined.!!-!? All data are expressed as umol/g 
. as described subsequently. Eight dogs (nos. 19 to 26) had protein. 
. transmural myocardial biopsy samples taken (see section on 
E tissue analysis for metabolites) as well as transmural tem- Results 
_ perature control. А 
р. . Cardiopulmonary bypass: In dogs 13 to 18, cardiopul- Transmur al electr ogram deflection patter ns: 
~ monary bypass was instituted before the induction of VF. A Soon after the induction of VF, an endocardial to epi- 
. mean perfusion pressure of 70 + 5 mm of Hg was maintained cardial pattern of RR-interval prolongation developed 
| for 20 minutes after VF induction. After 20 minutes of VF, the along each of the valid plunges in all dogs not on car- 
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СА B 
0.8 mm Anchor introducer (prevents plunge 
d Endocardium from being withdrawn) 
| Endocordiol end O3mm(LE VEL-A bipole) 
2.3 mm (LE VEL-B bipole) 
Individual Myocardium 4.3 mm(LEVEL-C bipole) 
Fe, bipole 
Ж 6.3mm(LEVEL-D bipole) 
Уз 
E 8.3mm(LEVEL-E bipole) 







Epoxy filled teflon tubing jid ban 







Teflon microtubing (extends through 


the center of the body of plunge) «еер attached to 4-0 nylon 


(Secures location of anchor 


introd 
Lead wires exiting from Epicardial End of introducer) 


plunge electrode Lead wires exiting from body of plunge 


` FIGURE 1. Body of the plunge unit. A, the plunge is made by inserting 50-и tungsten wire through holes spaced in the outer Teflon? shell. The wires 
are fixed with epoxy and polished flush with the surface of the Teflon. In addition, a Teflon microtubing extends through the body of the plunge to 
. act as a conduit for the 4—0 nylon tension line which holds the anchor-introducer in place. B, once properly seated on the endocardial surface, the 
Teflon plunge spaces the 5 bipolar recording sites at 2-mm intervals. The first recording site is 0.3 mm from the endocardial surface. Electrograms 
. recorded from it are designated level A electrograms. The second recording site is located 2.3 mm from the endocardial surface. It is designated 
| the level В bipole and electrograms recorded from it level В electrograms. А parallel nomenclature is used for the third, fourth and fifth bioplar recording 
sites. eT 
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diopulmonary bypass. An example of this pattern is 
shown in Figure 2. The RR interval from the level A 
electrogram remained in the 90- to 100-ms range for 600 
seconds after VF induction. In contrast, the RR interval 
in the level E electrogram increased progressively after 
100 seconds of VF, followed by level D at 120 seconds, 
level C at 150 seconds and, finally, level B at 550 sec- 
onds. Thus, the time after the onset of VF that the RR 
interval begins to increase is related to the distance from 
the endocardium. In addition to RR-interval prolon- 
gation, 2 other findings are apparent from the electro- 
grams in Figure 2. First, the distinctness of the deflec- 
tions decreases as a function of both the distance of the 
recording site from the endocardium and the time after 
the induction of VF. Early after VF induction, the de- 
flections are approximately equally distinct at levels A 
through E (Fig. 2C). By 1 minute after VF induction the 
level-E electrograms have widened somewhat (Fig. 2F). 
By 2 minutes, the level E deflections have more mark- 
edly widened and become less distinct than the level A 
deflections (Fig. 2G). These differences increase 
throughout the 20-minute recording period after in- 
duction of VF (Fig. 2H through L). The deflections in 
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FIGURE 2. Electrograms from a plunge during the first 20 minutes of ventricular fibrillation (VF). In all panels (A through L) the first line is lead I| 
of the body surface electrocardiogram while lines 2 through 6 are the 5 electrograms recorded from the plunge unit. A, during normal sinus rhythm; 
B, at the time of VF induction (arrow). Panels C through L are recorded at times progressively remote from VF induction, as indicated by their labels. _ 
Note the development and progression of an endocardial-epicardial gradient of activation rate with the endocardium (level A) most rapid in panels _ 
F through L. As the interval between the deflections increases at any level, the deflections also widen and become less distinct. For example, se- 
quentially compare the deflections of level E in panels F through L. The cycle length was regular in the level A electrogram up to 15 minutes after 
the induction of VF, and in the level B electrogram up to 10 minutes after the induction of VF. (C through K). The deflection morphologic pattern . 
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level D become indistinct after those in level E (Fig. 2H) 
Similarly, the deflections in level C start to become in- 4 
distinct after level D (Fig. 2L). Second, the regularity _ 
of the interval between deflections also decreases first _ 
in the level E electrograms, then in the level D electro- _ 
grams, and so forth. Finally the level A RR interval — 
becomes irregular and lengthens between 15 and 20 “ 
minutes after VF induction. The variation in RR in- © 
terval is quantified by the standard deviations in Table _ 
I. While the standard deviation in the RR interval from - 

level A remains small, it increases in the epicardial levels _ 
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soon after the onset of VF. 


The time sequence of deflections from level A to level - 
E suggests that at times, activation fronts are conducted _ 
from endocardium to epicardium along the length of the — 
plunge. Multiple plunges in close proximity would be ~ 
required to document the presence and direction of © 
activation fronts in VF. The apparent endocardial to . 
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epicardial depolarization sequence is shown in Figure 
2E, 45 seconds after VF induction, for the first З de- _ 
flections at each level. In Figure 2F, 60 seconds after VF 
induction, all 8 deflections at each level appear to be 
conducted from the endocardium. Except for the first — 
deflection in level D, all of the deflections for a given | 
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remains relatively stable for several cycles in the level B electrogram of panel F and the level A electrogram in panels G through K. Although panels 
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F through L at times suggest endocardial to epicardial propagation, documentation would require several additional plunges in close proximity. i d 
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level in Figure 2F are similar in shape, suggesting that 
the spread of activation in this region is similar from 
. cycle to cycle. 

_ By 2 minutes after VF induction (Fig. 2G), block 
appears to have developed between the endocardium 
_ and epicardium. The second deflection in level A is 
followed by deflections in levels B, C, D and E, 
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FIGURE 3. Electrograms from the endocardium and epicardium 
. recorded from 2 plunges 1 cm apart. In all panels the first time is lead 
_ M of the body surface electrocardiogram; lines 2 through 5 are elec- 

trograms recorded from 2 plunges. Lines 2 and 4 are level A and E 
. electrograms, respectively, from the first plunge. Lines 3 and 5 are level 
. A and E electrograms, respectively, from the second plunge. A, during 
~ normal sinus rhythm; B, at the time of ventricular fibrillation (VF) (arrow). 
E Panels C through F are from times progressively remote from VF in- 
. duction, as indicated by their labels. Portions of the electrograms have 
_ been retraced to show fast deflections. 
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Mean and Standard Deviation of the Electrogram Deflection Interval (RR Interval) During Ventricular Fibrillation 
from the 5 Myocardial Levels of the Same Plunge Used for Figure 2 


Time (in Seconds) After VF Induction 


Myocardial ww IMMM 
z Level 1 60 120 180 240 300 360 420 480 540 600 960 
R Level A 
t RR 105 111 135 136 111 113 119 128 140 130 137 175 
SD 5 5 13 8 14 9 12 9 20 10 18 16 
V Level B 
t RR 104 114 137 131 116 120 121 130 141 137 150 184 
FP SD 13 6 17 12 14 15 17 11 17 17 37 30 
Е Level С 
RR 97 112 154 179 152 144 169 158 209 199 252 356 
SD 22 9 28 51 30 32 44 33 40 62 55 98 
Level D 
RR 95 116 169 239 253 247 320 319 279 346 354 492 
SD 14 13 56 71 80 93 99 103 122 104 169 192 
Level E 
RR 94 113 189 246 338 278 342 335 337 388 339 430 
SD 12 10 43 67 48 97 65 53 128 112 147 130 


- . RR and SD were calculated (in milliseconds) for a 3-second electrogram sample at the times after VF induction indicated in the column 


7 . RR = mean RR interval; SD = standard deviation; VF = ventricular fibrillation. 


suggesting propagation of myocardial depolarization 
from endocardium to epicardium. The third deflection 
in level A is followed by deflections in levels B and C but 
not D and Е, suggesting conduction block between 
levels C and D. The electrograms progressively remote 
from VF induction reveal the same general pattern (Fig. 
2H-L). At times more remote from VF induction, block 
appears to develop between the endocardium and mid- 
wall (levels A, B and C, Fig. 2K), with additional block 
between the midwall and epicardium (levels C, D and E, 
Fig. 2K). Without additional plunges in close proxim- 
ity, the occurrence of block cannot be documented. 

Endocardial activity: Distinct deflections with 
regular short RR intervals were seen in all level A re- 
cording sites from each of the properly seated plunges 
in all dogs by 1 minute after VF induction. The deflec- 
tions in level A were similar in shape for several cycles 
(Fig. 2F through I), followed by a sudden or gradual 
(Fig. 2L) change to another waveform. The electrograms 
from 2 level A sites and 2 level E sites from 2 plunges 
separated by 1 cm in the LV free wall are shown in 
Figure 3. The deflections in both level A electrograms 
remain regular and distinct with short RR intervals up 
to 20 minutes after VF induction (Fig. 3F). By com- 
parison, the deflections in both level E electrograms 
become indistinct with long, irregular cycle lengths by 
о minutes after VF induction (Fig. 3D), and are absent 
at 20 minutes (Fig. 3F). By 1 minute after VF induction, 
both level A sites appear to maintain a fixed-phase re- 
lationship much of the time (Fig. 3C). The apparent- 
phase relationship is not constant (Fig. 3D), but does 
predominate (Fig. 3C, E and F). 

The mean and standard deviations of the RR inter- 
vals from 1 level A recording site in each of the first 6 
dogs are compared in Table II. The mean cycle length 
of the level A electrogram deflections falls in a range 
between 78 and 160 ms for the first 10 minutes of VF. 
A similar endocardial-epicardial gradient of electrical 
activity developed in the 14 dogs in which the 
transmural temperature was maintained at 38°C. The 
LV blood gas samples showed the РО» to be high (59 + 
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TABLE Il 
Site in Dogs 1 to 6 During Ventricular Fibrillation 


Mean and Standard Deviation of the Electrogram Deflection Interval (RR Interval) from One Level A Recording 





Time (in Seconds) After VF Induction 





Mean 
Dog RR and SD 1 60 120 180 240 300 360 420 480 540 600 
1 RR 94 94 119 107 106 97 97 101 105 111 110 146 
SD 18 5 12 12 12 7 6 11 13 24 
2 RR 104 91 96 85 87 85 92 105 99 105 121 
SD 7 7 20 7 7 6 5 5 5 14 34 
3 RR 108 109 127 128 120 111 120 123 126 127 133 179 
SD 14 10 8 16 11 13 6 9 11 17 24 
4 RR 105 111 135 135 111 113 119 128 140 130 137 175 
SD 15 5 13 8 9 12 9 20 10 18 16 
5 RR 104 112 159 151 129 128 123 122 138 144 140 164 
SD 17 12 27 32 31 37 33 29 26 25 37 
6 RR 78 87 108 99 99 106 115 118 136 142 163 
SD 11 8 8 20 16 18 15 11 26 20 14 
RR Range 

Min 78 87 96 85 87 85 92 105 99 105 121 
Max 108 109 159 151 129 128 123 128 140 136 142 179 


RR and SD were calculated (in milliseconds) for a 3-second electrogram sample at the times after VF induction indicated in the column | 


labels. 


RR = mean RR interval; SD = standard deviation; VF = ventricular fibrillation. 


7.3 mm Hg) even after 20 minutes of VF, although the 
value is significantly different (p <0.05) from the control 
РО» value before VF (101 + 29 mm Hg). No significant 
differences were present between values at 20 minutes 
of VF and control for pH (7.35 + 0.08 vs. 7.36 + 0.05) or 
PCO»? (37.1 + 12.2 vs 37.9 + 6.5 mm Hg). 

Ventricular fibrillation and cardiopulmonary 
bypass: During 20 minutes of VF on cardiopulmonary 
bypass with a mean perfusion pressure of 70 4 5 mm Hg, 
the gradient of electrical activity did not evolve (Fig. 4, 
Table III). At all myocardial levels, the rate, regularity 
and distinctness of the deflections in the electrograms 
recorded 1 minute after the onset of VF (Fig. 4A) is 
nearly identical to those recorded 20 minutes later (Fig. 
4B). When cardiopulmonary bypass is stopped, the 
gradient of electrical activity develops within 1 minute 
and is marked by 5 minutes (Fig. 4C). The mean RR 
interval of the electrograms recorded 0.3 mm (endo- 
cardium) and 0.84 mm (epicardium) from the endo- 
cardial surface are listed in Table III. In all 6 dogs, the 
RR intervals remained constant both in the endocar- 
dium and in the epicardium. After termination of by- 
pass, a gradient of activation rates developed similar to 
that observed in dogs 1 to 20. 

Tissue metabolite content: The epicardial and en- 
docardial contents of ATP, total adenine nucleotide 
content (TAN = AMP + ADP + ATP), and creatine 
phosphate (CP) are given for dogs 19 to 26 in Table IV. 
Before the onset of VF, the TAN of the endocardium 
was slightly greater than that of the epicardium (p = 
0.05), but there were no significant differences in the 
epicardial vs endocardial content of ATP or CP. During 
VF TAN and CP decreased progressively in both the 
epicardium and endocardium. No significant differences 
were present between the epicardial and endocardial 
content of any metabolite during VF. Thus, no 
transmural gradient in high-energy phosphate content 
was present either during the early period of VF when 
a transmural gradient in activation was absent (1 min- 
ute) or during the later periods of VF when a transmural 
activation gradient was present (5 and 10 minutes). 
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FIGURE 4. Electrograms from a dog during and after cardiopulmonary 
bypass. In all panels the first line is lead Il of the body surface electro- 
cardiogram; lines 2 through 5 are electrograms recorded 0.3, 2.7, 5.7 
and 8.4 mm from the endocardial surface. Panels A and B were re- 
corded 1 and 20 minutes after the induction of ventricular fibrillation 
(VF) on bypass. Both the endocardial and epicardial RR intervals remain 
constant. Panel C was recorded 5 minutes after termination of bypass. 
A marked gradient of activation rate has developed. 
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Deflection Intervals (RR Intervals) from the Endocardial and Epicardial Recording Sites from 
Dogs 13 to 18 During Ventricular Fibrillation on Cardiopulmonary Bypass and After Stopping Bypass - 


Time (in Minutes) of 





on Cardiopulmonary Bypass VF After Bypass Stopped 
Myocardial 
. Dog Location 1 5 10 15 20 1 3 5 
7 * 
18 Endocardium 70 73 71 67 69 104 106 98 
j Epicardium 82 80 75 69 69 147 417 667 
14 Endocardium 86 82 86 87 88 147 152 111 
Epicardium 93 88 91 91 93 208 714 Ja 
15 Endocardium 94 93 83 88 89 96 179 313 
Epicardium 93 98 89 89 91 111 125 wx 
16 Endocardium 68 74 73 76 75 116 108 125 
Epicardium 69 2 71 69 68 140 167 150 
17 Endocardium 86 88 89 86 86 100 135 128 
Epicardium 89 89 88 86 86 100 294 2,500 
18 Endocardium 91 94 93 86 80 132 147 132 
Epicardium 89 89 91 85 80 135 417 2,500 
SS 5M. 2,90 


* No deflections present. 
VF = ventricular fibrillation. 


‘TABLE IV Adenine Nucleotide and Creatine Phosphate 
Content of the Epicardium and Endocardium in 


Dogs 19 to 26 Before and During Ventricular 


Fibrillation 
حح سس ص‎ IIaIIaaIaIIIIIlIaaaaaaaaaaaaaa—iiħõiŮă 
Control 1 Min 5 Min 10 Min 
ATP Endocardum 43 +2 4043 26+2 19+2 
Epicardium 48+4 4+3 26+2 18+2 
TAN Endocardum 5142 5343 41+43 31+3 
Epicardium 58+4 56+43 4143 29+2 
CP Endocardium 71 + 18 23 + 15 4+3 3+2 
Epicardium Т0 + 15. 13 +9 5t4 342 


All values are mol/g protein; values are mean + standard de- 
viation. 

* p $0.05, endocardium vs epicardium. 

ATP = adenosine triphosphate; CP = creatine phosphate; TAN = 
total adenine nucleotides. 


In summary, we developed a plunge electrode with 


. recording sites sensitive to a small volume of myocar- 

dium to study the myocardial depolarization sequences 
_ during sustained VF. In our initial study (dogs 1 to 6), 
. we found the endocardium to be more active than the 


remainder of the LV wall by 100 sec after the onset of 
VF. This suggests either that the endocardium is re- 


sponsible for the maintenance of VF or that the acti- 
. vation rate gradient simply reflects another gradient. 
. With dogs 7 to 12 we ruled out the possibility that the 


activation rate gradient reflects a transmural temper- 


. ature gradient. We then established that the activation 
` rate gradient is the result of metabolic/ionic effects of 


ischemia (dogs 13 to 18) but not a metabolic/ionic gra- 
dient due to ischemia (dogs 19 to 26). Further, we 


= demonstrated that the LV cavitary blood pH and PCO»; 


are unchanged while the РО» is only moderately di- 
minished after 20 minutes of VF (dogs 5 to 9). The blood 


. gas findings suggest that the cavitary blood plays a role 
. in the maintenance of the endocardial activity. 


Discussion 


Endocardial activity during sustained ventric- 
ular fibrillation: Within 1 minute after the induction 
of VF, endocardial activity (level A) became regular and 
rapid, and remained so until recording was stopped 20 


minutes after VF induction. We discontinued me- 
chanical ventilation after onset of VF. This eliminated 
the possibility that the prolonged endocardial activity 
was a result of perfusion of the endocardium with 
freshly oxygenated blood from the ventilated lungs 
caused by persistent regular atrial contraction.!4 At the 
time of VF induction the blood in the LV cavity is well 
oxygenated, with a normal РО» and pH. The blood re- 
maining in the LV cavity can only exchange nutrients 
and wastes with the endocardial surface, so that the РО» 
and pH of the LV cavity blood should remain relatively 
well preserved long after the onset of VF. Blood gases 
from the LV cavity in 5 dogs confirmed this hypothesis 
and suggests that the LV cavity acts as a reservoir of 
blood with which the endocardium exchanges nutrients 
and waste by diffusion after the onset of VF. Several 
groups of investigators have found a layer of subendo- 
cardial cells surviving in infarcts created by coronary 
occlusion"; The subendocardial cells presumably are 
maintained by exchange of nutrients and waste with the 
cavitary blood. 'Thus, the cavitary blood may, in part, 
explain the persistent endocardial activity in VF. 

The resistance of the Purkinje fibers to hypoxia and 
ischemia!?5.? is another possible explanation for the 
persistent subendocardial activity. The Purkinje cells 
or the Purkinje-myocardial junction may serve as the 
source of rapid stimuli for the adjacent working myo- 
cardium during VF. We did not observe Purkinje spikes 
with the plunges in sinus rhythm or VF. Purkinje spikes 
are of high frequency and short duration in unipolar. 
recordings.”° In bipolar recordings with close spacing 
between the poles, Purkinje spikes may be of even 
higher frequency. Presumably, these high-frequency 
spikes were filtered out of our recordings. In addition, 
because of the close spacing between the poles, the re- 
cording sites detect activation within a small volume of 
myocardium.?.!? For the most endocardial recording 
site, 0.3 mm from the endocardial surface, this small 
volume may be in the region of the Purkinje-myocardial 
junction where there is minimal delay between Purkinje 
fiber and working muscle depolarization. These con- 
siderations may explain why we did not see Purkinje 
spikes using the plunges. 





` The glycogen content and glycogen utilization ca- 
pacity of the subendocardium is another factor poten- 
tially contributing to the persistent endocardial activity 
during VF. Several? 7? investigators of myocardial 
ischemia have reported higher glycogen stores and 
glycolytic enzyme activity in the endocardium than in 
the epicardium. During acute regional ог global?3 
ischemia in the working heart, a significant lactate 
gradient is observed, increasing from epicardium to 
endocardium. Simultaneously, reciprocal gradients in 
CP, but not in ATP, develop. In contrast, the lactate 
gradient is not observed when dogs are fibrillated.?? 
These results suggest that the working ventricle uses 
energy unevenly, contributing to the greater subendo- 
cardial vulnerability observed during regional myo- 
cardial ischemia.24 During VF, however, when 
transmural energy utilization is more uniform,?? the 
greater glycolytic capacity of the endocardium may 
contribute to the maintenance of the observed suben- 
docardial electrical activity. 

Thus, the combined effects of the cavitary blood, 
Purkinje cells and metabolic capacity of the endocar- 
dium may explain the persistent endocardial activity. 
Although the concept of an active subendocardium in 
VF appears to conflict with studies on the structural?*25 
and metabolic/ionic?2226 effects of regional and global 
ischemia, the results of such studies in the working heart 
may not apply to the heart in VF.?? 

Transmural gradient of electrical activity during 
sustained ventricular fibrillation: Within 2 minutes 
after the onset of VF, a gradient of activation rates de- 
veloped in all dogs not supported by cardiopulmonary 
bypass. Myocardial ischemia is required for the elec- 
trical gradient to develop during sustained VF, as doc- 
umented by the failure of the gradient to develop while 
the dogs are on cardiopulmonary bypass and the de- 
velopment of the gradient within 1 minute of halting 
bypass. 

At least 2 explanations can be offered for these find- 
ings. The first presupposes that the gradient of activa- 
tion reflects the development of a transmural meta- 
bolic/ionic or temperature gradient caused by ischemia 
with the epicardial layers effected sooner and to a 
greater extent than the endocardial layers. If the gra- 
dient in activation is caused by an ischemia-induced 
metabolic/ionic gradient, a parallel transmural gradient 
in high-energy phosphate content should be observed. 
'The gradient should not be present early (i.e., 1 minute), 
but should develop later (5 and 10 minutes) as the 
electrical gradient develops. We found no transmural 
gradient in high-energy phosphates early or late, which 
argues against a metabolic/ionic gradient. The possi- 
bility that the activation gradient is an artifact produced 
by the development of a temperature gradient??? in the 
open-chest preparation is eliminated by the equivalent 
results in the 6 dogs in which the transmural tempera- 
ture was maintained at 38 + 0.5°C. Thus, the trans- 
mural gradient in activation rates apparently does not 
reflect a metabolic/ionic or temperature gradient. 

The second explanation postulates that the gradient 
of activation is caused by block of impulses as they are 
propagated from the endocardium toward the epicar- 


dium. This mechanism assumes that as the metabolic/ * 





ionic consequences of ischemia progress in the myo- | 


cardial wall, a thin layer of subendocardium remains. 
electrically active due to the resilience of the Purkinje — 
fibers, the cavitary blood and the glycogen utilization 
capacity of the endocardium. (A near-normal level of — 
high-energy phosphates in this thin rim would not have - 


been detected in our samples taken from the endocar- 
dial half of the ventricular wall.) The subendocardium 


then acts as the source of activity for the myocardial - 


wall. At 1 minute after VF induction, most activation 


fronts arising in the subendocardium are conducted _ 


through to the epicardium because the metabolic con- 
sequences of the myocardial ischemia are minimal. As 
the metabolic sequelae of ischemia develop, conduction 


is moderately impaired.???? Activation fronts origi- - 
nating in the subendocardium conduct more slowly and - 
become more irregular as they proceed towards the - 
epicardium. This results in widening and loss of dis- _ 
tinctness in the electrogram deflections farthest from _ 


the activation source. Eventually, the weakened acti- | 


vation front can no longer propagate. Block occurs be- "ud 
tween the midwall and the epicardium, causing longer  . 
cycle lengths in the more epicardial electrograms. The 
myocardium closer to the endocardium, and thus closer 
to the origin of the activation fronts, continues to be — 
driven at the endocardial rate. As the effect of the _ 


ischemia progresses, conduction is further impaired in 
the myocardial wall. Activation fronts originating in the 
subendocardium deteriorate closer to the endocardium. 
As a result, the deflections in the electrograms closer to 
the endocardium begin to widen, become irregular and 
appear indistinct. Conduction block occurs closer to the 
driving source, causing the RR interval in the more 
endocardial levels to increase. Presumably, conduction 
block also occurs between the midwall and the epicar- 
dium, resulting in a further increase in RR interval in 
the more epicardial levels. The endocardial source ex- 
planation for the activation gradient does not require 
that the activation fronts propagate in a straight line 
perpendicular to the endocardium. It only supposes that 
the activation fronts originate in the subendocar- 
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dium and propagate directly or indirectly toward the - 


epicardium. 

Our results suggest that the endocardium is respon- 
sible for the maintenance of electrically induced VF. 
Other studies have implicated the endocardium in the 
initiation of VF by demonstrating a 102% increase in VF 
threshold after partial endocardial ablation.?! The 
Purkinje network with the Purkinje myocardial junction 
may contribute to the unique role of the endocardium 
in VF. More research is needed to define the role of the 
endocardium and the Purkinje network in the initiation 
and maintenance of VF. 
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introducing the non-invasive catheter. 


Unprecedented analysis of cardiac 


activity from outside the body. 


NCCOMS3™ is a revolutionary, real-time, beat-to-beat 
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continuous measurements of your patients’ complete 
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Continuous measurement of six 
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administration of tocolytics. 
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Treatment should be continue 


Lopressor is contraindicated in patients with a heart rate <45 beats/min; significant heart block greater than first degree (P-R interval 
70.24 sec); systolic blood pressure «100 mmHg; or moderate-to-severe cardiac failure. Please see last page for Brief Summary of T0 
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Tablets 
Ampuls 


Lopressor* 


metoprolol tartrate 


BRIEF SUMMARY 
(FOR FULL PRESCRIBING INFORMATION, SEE PACK- 
AGE INSERT) 


INDICATIONS AND USAGE 

Myocardial Infarction 

Lopressor ampuls and tablets are indicated in the treatment 

of hemodynamically stable patients with definite or sus- 

pected acute myocardial infarction to reduce cardiovascular 

mortality. Treatment with intravenous Lopressor can be initi- 

ated as soon as the patient's clinical condition allows (see 

DOSAGE AND ADMINISTRATION, CONTRAINDICA- 

TIONS, and WARNINGS). Alternatively, treatment can be- 
in within 3 to 10 days of the acute event (see DOSAGE 
ND ADMINISTRATION). 


CONTRAINDICATIONS 
Myocardial Infarction 


Lopressor is contraindicated in patients with a heart rate 


< 45 beats/min; significant heart block greater than first 
degree (P-R interval = 0.24 sec); systolic blood pressure 
< 100 mmHg; or moderate-to-severe cardiac failure (see 


WARNINGS). 


WARNINGS 

Myocardial Infarction 

Cardiac Failure: Sympathetic stimulation is a vital compo- 
nent supporting circulatory function, and beta blockade 


carries the potential hazard of depressing myocardial con- 
tractility and precipitating or exacerbating minimal 
cardiac failure. 

During treatment with Lopressor, the hemodynamic 
status of the patient should be carefully monitored. If heart 
failure occurs or persists despite appropriate treatment, 
Lopressor should be discontinued. 

radycardia: Lopressor produces a decrease in sinus 
heart rate in most patients; this decrease is greatest 
among patients with high initial heart rates and least among 
patients with low initial heart rates. Acute myocardial infarc- 
tion (particularly inferior infarction) may in itself produce 
significant lowering of the sinus rate. If the sinus rate de- 
creases to < 40 beats/min, particularly if associated with 
evidence of lowered cardiac output, atropine (0.25-0.5 mg) 
should be administered intravenously. If treatment with atro- 
pine is not successful, Lopressor should be discontinued, 
and cautious administration of isoproterenol or installation 
of a cardiac pacemaker should be considered. 

AV Block: Lopressor slows AV conduction and may pro- 
duce significant first-(P-R interval =0.26 sec), second-, or 
third-degree heart block. Acute myocardial infarction also 
produces heart block. 

If heart block occurs, Lopressor should be discontinued 
and atropine (0.25-0.5 mg) should be administered intra- 
venously. If treatment with atropine is not successful, 
cautious administration of isoproterenol or installation of 
a cardiac pacemaker should be considered. 

Hypotension: If hypotension (systolic blood pressure 
= 90 mmHg) occurs, Lopressor should be discontinued, 
and the hemodynamic status of the patient and the extent of 
myocardial damage carefully assessed. Invasive monitoring 
of central venous, pulmonary capillary wedge, and arterial 
pressures may be required. Appropriate therapy with fluids, 
positive inotropic agents, balloon counterpulsation, or other 
treatment modalities should be instituted. If hypotension is 
associated with sinus bradycardia or AV block, treatment 
should be directed at reversing these (see above). 

Bronchospastic Diseases: PATIENTS WITH 
BRONCHOSPASTIC DISEASES SHOULD, IN GEN- 
ERAL, NOT RECEIVE BETA BLOCKERS. Because of 
its relative beta, selectivity, Lopressor may be used 
with extreme caution in patients with bronchospastic 
disease. Because it is unknown to what extent beta,- 
stimulating agents may exacerbate myocardial 
ischemia and the extent of infarction, these agents 
Should not be used prophylactically. If broncho- 
spasm not related to congestive heart failure occurs, 
Lopressor should be discontinued. A theophylline 
derivative or a beta, agonist may be administered 
cautiously, depending on the clinical condition of 
the patient. Both theophylline derivatives and beta, 
agonists may produce serious cardiac arrhythmias. 


-and protectina healina hearts in the months ahead” 


PRECAUTIONS 
General 
Lopressor should be used with caution in patients with im- 

aired hepatic function. 

nformation for Patients 
Patients should be advised to take Lopressor regularly and 
continuously, as directed, with or immediately following 
meals. If a dose should be missed, the patient should take 
only the next scheduled dose (without doubling it). Patients 
should not discontinue Lopressor without consulting the 
gd hero 

tients should know how they react to this medicine 

before they operate automobiles and machinery or engage 
in other tasks requiring alertness. Patients should contact 
the physician if any difficulty in breathing occurs, and before 
surgery of any type, the patient should inform the physician 
or dentist that he or she is taking Lopressor. 
Laboratory Tests 
Clinical laboratory findings may include elevated levels of 
serum transaminase, alkaline phosphatase, and lactate 
dehydrogenase. 
Drug Interactions 
Catecholamine-depleting drugs (e.g., reserpine) may have 
an additive effect when given with beta-blocking agents. 
Patients treated with Lopressor plus a catecholamine de- 
рае should therefore be closely observed for evidence of 

ypotension or marked bradycardia, which may produce 
vertigo, syncope, or postural hypotension. 
Carcinogenesis, Mutagenesis, Impairment of 
Fertility 
Long-term studies in animals have been conducted to eval- 
uate toxic effects and carcinogenic potential. In a 1-year 
study in dogs, there was no evidence of drug-induced tox- 
icity at or below oral dosages of 105 mg/kg per day. In 2- 
year studies in rats at three oral dosage levels of up to 800 
mg/kg per day, there was no increase in the development of 
spontaneously occurring benign or malignant neoplasms of 
any type. The only histologic changes that appeared to be 
drug-related were an increased incidence of generally mild 
focal accumulation of foamy macrophages in pulmonary 
alveoli and a slight increase in biliary hyperplasia. Neither 
finding represents symptoms of a known disease entity in 
man. In a 21-month study in mice at three oral dosage levels 
of up to 750 mg/kg per day, benign lung tumors (small 
adenomas) occurred more frequently in female mice receiv- 
ing the highest dose than in untreated control animals. 
There was no increase in malignant or total (benign plus 
malignant) lung tumors, nor in the overall incidence of tu- 
mors or malignant tumors. This 21-month ved was re- 
peated, and no statistically or biologically significant 
differences were observed between treated and control 
mice of either sex for any type of tumor. 
Pregnancy Sagory B 
Reproduction studies have been performed in rats at doses 
up to 55.5 times the maximum daily human dose of 450 mg 
and have revealed no evidence of impaired fertility or 
teratogenicity due to Lopressor. Increased postimplantation 
loss and decreased neonatal survival did occur in the rats 
(threshold between 50 and 500 mg/kg), and distribution 
studies in mice confirm exposure of the fetus when 
Lopressor is administered to the pregnant animal. There are 
no adequate and well-controlled studies in pregnant 
women. Because animal reproduction studies are not al- 
ways predictive of human response, this drug should be 
used during pregnancy only if clearly needed. 
Nursing Mothers 
Lopressor is excreted in breast milk in very small quantity. 
An infant consuming 1 liter of breast milk daily would receive 
a dose of less than 1 mg of the drug. Caution should be 
exercised when Lopressor is administered to a nursing 
woman. 
Pediatric Use 
Safety and effectiveness in children have not been 
established. 


ADVERSE REACTIONS 

Myocardial Infarction 

Central Nervous System: Tiredness has been reported in 
about 1 of 100 patients. Vertigo, sleep disturbances, halluci- 
nations, headache, dizziness, visual disturbances, con- 
fusion, and reduced libido have also been reported, but a 
drug relationship is not clear. 

Cardiovascular: In the randomized comparison of 
Lopressor and placebo described in the CLINICAL PHAR- 
MACOLOGY section, the following adverse reactions were 
reported: 


Changing the Course 


of Cardiovascular Care 






Lopressor Placebo 

Hypotension 27.4% 23.2% 
(systolic BP < 90 mmHg) 

Bradycardia 15.9% 6.7% 
(heart rate < 40 beats/min) 

Second- or 4.7% 4.7% 
third-degree heart block 

First-degree 5.3% 1.9% 
heart block (P-R = 0.26 sec) 

Heart failure 27.5% 29.6% 


Respiratory: Dyspnea of pulmonary origin has been re- 
ported in fewer than 1 of 100 patients. 

Gastrointestinal: Nausea and abdominal pain have 
been reported in fewer than 1 of 100 patients. 

Dermatologic: Rash and worsened psoriasis have been 
reported, but a drug relationship is not clear. 

Miscellaneous: Unstable diabetes and claudication have 
been reported, but a drug relationship is not clear. 
Potential Adverse Reactions 
A variety of adverse reactions not listed above have been 
reported with other beta-adrenergic blocking agents and 
should be considered potential adverse reactions to 
Lopressor. 

ntral Nervous System: Reversible mental depression 

progressing to catatonia; an acute reversible syndrome 
characterized by disorientation for time and place, short- 
term memory loss, emotional lability, slightly clouded sen- 77 
sorium, and decreased performance on 
neuropsychometrics. 

Cardiovascular: Intensification of AV block (see CON- 
TRAINDICATIONS). 

Hematologic: Agranulocytosis, nonthrombocytopenic 
purpura, thrombocytopenic purpura. 

Hypersensitive Reactions: Fever combined with aching 
and sore throat, laryngospasm, and respiratory distress. 


DOSAGE AND ADMINISTRATION 
Myocardial Infarction 
Early Treatment: During the early phase of definite or 
suspected acute myocardial infarction, treatment with 
Lopressor can be initiated as soon as possible after the 
patient's arrival in the hospital. Such treatment should be 
initiated in a coronary care or similar unit immediately 
after the patients hemodynamic condition has stabilized. 
Treatment in this early phase should begin with the 
intravenous administration of three bolus injections of 5 mg 
of Lopressor each; the injections should be given at 
approximately 2-minute intervals. During the intravenous 
administration of Lopressor, blood pressure, heart rate, 
and electrocardiogram should be carefully monitored. 
In patients who tolerate the full intravenous dose 
(15 mg), Lopressor tablets, 50 mg every 6 hours, should 
be initiated 15 minutes after the last intravenous dose and 
continued for 48 hours. Thereafter, patients should receive 
a maintenance dosage of 100 mg twice daily (see Late 
Treatment below). | 
Patients who appear not to tolerate the full intravenous 
dose should be started on either 25 mg or 50 mg every 
6 hours (depending on the degree of intolerance) 15 
minutes after the last intravenous dose or as soon as 
their clinical condition allows. In patients with severe 
intolerance, treatment with Lopressor should be dis- 
continued (see WARNINGS). 
Late t: Patients with contraindications to treat- 
ment during the early phase of suspected or definite 
myocardial infarction, patients who appear not to tolerate 
the full early treatment, and patients in whom the physician 
wishes to delay therapy for any other reason should 
started on Lopressor tablets, 100 mg twice daily, as soon 
as their clinical condition allows. Therapy should be 
continued for at least 3 months. Although the efficacy of 
Lopressor beyond 3 months has not been conclusively 
established, data from studies with other beta blockers 
suggest that treatment should be continued for 1-3 years. 
Note: Parenteral drug products should be in 
visually for particulate matter and discoloration 
prior to administration, whenever solution and con- 
tainer permit. 
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Its Iwice The Pacemaker 
You Think It Is. 
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Inside every Intermedics 
Quantum pacemaker, there 
are two independent circuits 
for patient safety. 


You'd think having the most 
reliable pacing circuitry in the 
industry would be enough. 

But at Intermedics, enhancing 
the quality of life leaves no room 
for error. So either of Quantum's 
self-contained circuit systems 

is capable of performing all of 
the pacemaker's critical timing 
functions in the event, how- 
ever unlikely, of a circuit or 
component failure. Every 
Quantum also incorporates 
three separate elective replace- 
ment indicators. So you have 
advanced multiple warnings 

of any decrease in power. 


EE 











Quantum unipolar, bipolar in-line or 
bipolar bifurcated. 


Yet Quantum is just 8 mm 
thin. Amazingly small consid- 
ering Quantum also provides 
advanced telemetry, full 
programmability and trans- 
telephonic capabilities. 

As you can see, Quantum is 
twice the pacemaker you think 
itis. Call Intermedics toll-free 
at 1-800-231-2330 (in Texas call 
1-800-392-3726). 


Our Business is Life? 
P.O. Box 617, Freeport, Texas 
77541, Telex 4620491 ITM or 
792713SL ЕРКТ 


QUANTUM INDICATIONS AND CONTRAINDICATIONS insufficiency; or recurrent drug-resistant tachyarrhythmias, and who have been shown to bene- 
The indications for cardiac pacing are increasing as pacemakers become more sophisticated fit from temporary cardiac pacing, are considered candidates for permanent cardiac pacing. 

and as advanced methods for patient management become more widespread. Generally The indications for permanent pacing in cases of acute myocardial infarction have not yet 

accepted indications for long-term cardiac pacing include, but are not limited to: (1) sick sinus been rigorously defined. Factors to be considered include the location of the myocardial 

syndrome; (2) chronic, symptomatic drug-resistant sinus arrhythmias, including sinus brady- infarct, the presence or absence of symptoms, ventricular rate, the mechanism of the arrhyth- 

cardia, sinus arrest, and sinoatrial (S-A) block as seen in sick sinus syndrome; (3) chronic, mias, and response to therapy. In general, symptomatic drug-resistant bradyarrhythmias that 

symptomatic second-degree or third-degree A-V block; (4) recurrent Adams-Stokes syndrome; impair cardiac output are considered indications for pacing in patients with acute myocardial 

(5) bradycardia-tachycardia syndrome; (6) symptomatic bilateral bundle branch block; and (7) infarction, regardless of infarct location. 

hypersensitive carotid sinus syndrome (carotid sinus syncope). In addition, certain patients There are no known contraindications to the use of pacemakers as a medical method for 


presenting such symptoms as intractable, recurrent congestive heart failure; cerebral or renal control of heart rate. 


MD31/1080 © Intermedics, Inc., 1985 


in Angina, 
When Nitrates Alone 
Are Not Enough 
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Calan plus nitrates: unique hemodynamic benefits à 
The addition of Calan improves myocardial perfusion and reduces afterload; the combina- £ 
tion also produces a reduction in preload. Not all of these important anti-ischemic effects ap 


are seen in therapy with nitrates and beta-blockers. That's why you can expect so many a 
patients to do well on Calan plus nitrates. 





Calan plus nitrates: patients feel better, cando more | 
With this therapeutic combination, patients should be able to exercise longer with fewer 
attacks — so they will want to do more. The combination also controls any spasm com- 

ponent, and it can be used without special caution in angina patients 
a: who also have asthma, COPD, or diabetes. 

. With Calan, serious side effects | A 
are rare. The side effect most commonly seen х 
with Calan is mild constipation. The therapy j 
continuation rate for Calan was 94.5% i 
in clinical studies. 

ease see following page for a brief summary | 
of the complete prescribing information. j 
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` Calan? TABLETS 
КО, 80 mg and 120 mg 
(verapamil HCI) 

Contraindications: Severe left ventricular dysfunction 
(see Warnings), hypotension (systolic pressure — 90 mm 


Hg) or cardiogenic shock, sick sinus syndrome (if no 
pacemaker is present), 2nd- or 3rd-degree AV block. 


ES . . Warnings: Verapamil should be avoided in patients with 


severe left ventricular dysfunction (eg, ejection frac- 
tion < 30%) or moderate to severe symptoms of cardiac 
failure. Control milder heart failure with optimum digital- 
ization and/or diuretics before Calan is used. Calan may 
occasionally produce hypotension, usually asymptomat- 
ic, orthostatic, mild, and controlled by decrease in Calan 
dose. Elevations of liver enzymes have been reported. 
Four cases have been demonstrated to be produced by 
verapamil. Periodic monitoring of liver function in pa- 
tients on verapamil is prudent. Patients with atrial flut- 
ter/fibrillation and an accessory AV pathway (eg, WPW 
or LGL syndromes) may develop a very rapid ventricular 
response after receiving verapamil (or digitalis). Treat- 
ment is usually D.C.-cardioversion. AV block may occur 
(3rd-degree, 0.896). Development of marked 1st-degree 
block or progression to 2nd- or 3rd-degree block re- 
quires reduction in dosage or, rarely, discontinuation and 
institution of appropriate therapy. Sinus bradycardia, 2nd- 
degree AV block, sinus arrest, pulmonary edema and/or 
severe hypotension were seen in some critically ill pa- 
tients with hypertrophic cardiomyopathy who were 
treated with verapamil. 
Precautions: Verapamil should be given cautiously to 
patients with impaired hepatic function (in severe dys- 
function use about 3096 of the normal dose) or impaired 
renal function, and patients should be monitored for ab- 
normal prolongation of the PR interval or other signs of 
overdosage. Studies in a small number of patients sug- 
gest that concomitant use of Calan and beta-blockers 
may be beneficial in patients with chronic stable angina. 
Combined therapy can also have adverse effects on car- 
diac function. Therefore, until further studies are com- 
pleted, verapamil should be used alone if possible. If 
combined therapy is used, patients should be monitored 
closely. Combined therapy with verapamil and propran- 
olol should usually be avoided in patients with AV con- 
duction abnormalities and/or depressed left ventricular 
function or in patients who have also recently received 
methyldopa. Chronic verapamil treatment increases se- 
rum digoxin levels by 50% to 7096 during the first week 
of therapy, which can result in digitalis toxicity. The di- 
goxin dose should be reduced when verapamil is given, 
and the patient carefully monitored. Verapamil may have 
an additive hypotensive effect in patients receiving blood- 
pressure-lowering agents. Disopyramide should not be 
given within 48 hours before or 24 hours after verapamil 
administration. Until further data are obtained, com- 
bined verapamil and quinidine therapy in patients with 
hypertrophic cardiomyopathy should probably be avoid- 
ed, since significant hypotension may result. Adequate 
animal carcinogenicity studies have not been performed. 
One study in rats did not suggest a tumorigenic poten- 
tial, and verapamil was not mutagenic in the Ames test. 
Pregnancy Category C. There are no adequate and well- 
controlled studies in pregnant women. This drug should 
be used during pregnancy, labor, and delivery only if clearly 
needed. It is not known whether verapamil is excreted in 
breast milk; therefore, nursing should be discontinued 
during verapamil use. 
Adverse Reactions: Hypotension (2.9%), peripheral 
edema (1.7%), AV block: 3rd-degree (0.8%), bradycar- 
dia: HR — 50/min (1.1%), CHF or pulmonary edema (0.996), 
dizziness (3.6%), headache (1.8%), fatigue (1.196), con- 
stipation (6.396), nausea (1.696); elevations of liver en- 
zymes have been reported (see Warnings). The follow- 
ing reactions, reported in less than 0.596 of patients, 
occurred under circumstances where a causal relation- 
ship is not certain: confusion, paresthesia, insomnia, 
somnolence, equilibrium disorders, blurred vision, syn- 
cope, muscle cramps, shakiness, claudication, hair loss, 
macular eruptions, spotty menstruation, ecchymosis, 
bruising, gynecomastia, and psychotic symptoms. Over- 
all continuation rate was 94.596 in 1,166 patients. 
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MELLITUS 


From the publishers of the 
American Journal of Medicine 


Jay S. Skyler, M.D., 
University of Miami School of Medicine 


George F. Cahill, Jr., M.D., 


Harvard Medical School and 
Howard Hughes Medical Institute 














60 internationally prominent contributors provide in 26 papers a comprehensive 
overview of the current thinking on the causes, mechanisms, treatment and com- 
plications of diabetes. 


Featured topics include: 


О The causes of diabetic inheritance 

Immune factors of diabetes 

Mechanisms of diabetes (The culmination of 50 years of research) 
Autoimmunity 

New understandings in the mechanisms of insulin dependent and non- 
dependent diabetes mellitus 

New developments in the treatment of diabetes 

Methods of monitoring blood glucose and the use of glycosylated 
hemoglobin 

Pharmacology of oral hypoglycemics 

Use of insulin infusion devices 

Human insulin produced by recombinant DNA technology 


If it is important to you in your practice to stay up-to-date on the latest develop- 
ments in Diabetes Mellitus and you need a quick reference on the topic, then this 
is the book for you. 


DIABETES MELLITUS 


edited by Jay S. Skyler, M.D., and George F. Cahill, Jr., M.D. 
1981, 234 pp., 0-914316-23-0, $35.00 
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Yorke Medical Books ыо 
Box C-757, Brooklyn, New York 11205 


Please rush me: 
C]... eopy(s) of Diabetes Mellitus $35.00 (00023). 


О Enclosed is my check ќог___ ұһісһ includes $1.50 for handling. Yorke pays postage. 
ÛJ Please bill me plus postage and handling. (U.S. and Canadian residents only.) 
О Please bill my CJ VISA O MasterCard 


Card No. 
Exp.Date  — M/C Interbank No. 
Signature ——M———M—— ا ا ا ا للا ك‎ 2__ 
NAME ج ص‎ eee 
ADDRESS —— M ا ا ا —€ ل‎ 
CITY азі لوا ا ا‎ 
LIE Y f TESLA ENON DE ee EET | ү. DDE ETE. 


Customers in the following states please include applicable sales tax: CA, СТ, GA, IL, MA, MI, NY, OH, PA, TX. All foreign orders 
must be prepaid in U.S. funds with a check drawn on a U.S. bank or charged to a credit card. Please add $5.00 per book for all orders 
to be shipped outside the U.S. and Canada. 
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Improved Internal Defibrillation with Twin Pulse Sequential 
Energy Delivery to Different Lead Orientations in Pigs 


DOUGLAS L. JONES, PhD, GEORGE J. KLEIN, MD, and MICHAEL J. KALLOK, PhD 





Internal cardiac defibrillation with an intravascular 
catheter was compared with a new method for in- 
ternal cardiac defibrillation using 2 pulses delivered 
in sequence directly to the myocardium. For the 
‘sequential pulses, the first pulse was passed through 
an intravascular catheter (Medtronic 6880), be- 
tween the anode in the superior vena cava-atrial 
junction region and the cathode in the apex of the 
right ventricle. The second pulse was delivered 
between the catheter tip in the right ventricular apex 
as cathode and an oval plaque electrode (Medtronic 
TX-7) secured on the epicardium of the left ven- 
tricular free wall as anode. Defibrillation pulses were 
of truncated, trapezoidal waveform (65% tilt), 


SEIN UT. ue ete 
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separated by 1, 10 and 100 ms. Using the catheter . 


alone, 36 normal pig hearts could be defibrillated by 


44 J. However, 22 pig hearts (60%) could not be 


defibrillated with energies below 35 J. Defibrillation 


threshold was improved with sequential twin pulses, 
the improvement being dependent on pulse sepa- _ 


ration (42, 34 and 19 J, at 100-, 10- and 1-ms sep- 
aration, respectively; Е = 14.6, df = 2.29, p « 0.01). 
In conclusion, sequential twin pulse defibrillation 
provides a considerable reduction in energy nec- 
essary for defibrillation in comparison to single 


ud 


fi 


pulses using the catheter alone. In this study, the Г 


optimal separation was 1 ms. 
(Am J Cardiol 1985;55:821-825) 
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We and others! have described the use of intravascular 
catheter and patch electrode systems for low-energy 
defibrillation in animals and humans. However, defib- 
rillation could not be consistently achieved at energies 
below 40 J,*" and pain was a considerable problem in 
awake patients. The concept of improving cardiac de- 
fibrillation threshold by multiple shocks, staggered in 
time, was originally postulated by Wiggers іп 1940.8 
Recently, Bourland et al? described the potential ad- 
vantages of an orthogonal sequential pulse delivery that 
may reduce energy further. The current system incor- 
porates an implanted catheter lead plus an epicardial 
lead on the free wall of the left ventricle perpendicular 
to the orientation of the catheter lead. Sequential pul- 
ses can thus be applied to any combination of lead 
orientations in sequence with the appropriate 
defibrillators.? 1° 

The objectives of this study were to test the hypoth- 
esis that an appropriately timed twin pulse sequential 
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countershock, delivered to different lead orientations, 
will have a lower defibrillation threshold than a single 
countershock, and to determine the optimal temporal 
separation of pulses. 


Methods 


Animals: Thirty-six Duruc-Hampshire-Landrace-York- 
shire cross pigs weighing 15 to 30 kg were tranquilized with 
a mixture of ketamine НСІ (22 mg/kg) and diazepam (10 to 
20 mg intramuscularly) and intubated. Anesthesia was 
maintained with halothane (1 to 2% blended with pure oxy- 
gen) with full ventilatory support. The heart was exposed 
through a right lateral thoracotomy in the fifth intercostal 
space and supported in a pericardial sling. А quadripolar patch 
electrode was sutured on the epicardium of the right ventricle 
near the outflow tract for recording, pacing and induction of 
ventricular fibrillation. The right external jugular vein was 
exposed ventrally through a longitudinal incision in the neck, 
and an electrode catheter (Medtronic 6880) was introduced 
and advanced until the catheter tip was positioned in the right 
ventricular apex? (Fig. 1). An oval mesh plaque electrode of 
surface area 2.5 cm? (Medtronic TX-7) was positioned with 
a long axis parallel to the base of the ventricle and high over 


the left free wall epicardium. The catheter position was veri- 


fied periodically during the experiment to ensure stability. 
Instruments and recording: Two poles of the quadripolar 
patch electrode were connected through a PSIU-6 photo- 
stimulus isolation unit (Grass Instruments) to an S88 stimu- 
lator (Grass Instruments). Timing of electrical impulses was 
generated by a custom designed timer (L. Van Cleef). Ven- 
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"m. FIGURE 1. Catheter and plaque electrodes in situ. The catheter elec- 
5 үң trode pair (B) at the catheter tip are the common cathode. The catheter 
. electrode pair (A) are the anode for the single pulse using the catheter 
. and the first pulse of the sequential twin pulse countershock. The plaque 

`` electrode (C) on the epicardium of the left ventricle is the anode for the 
. Second pulse of the sequential countershock. 


Ж йат fibrillation was induced by monitoring the R wave of 
d 1e electrocardiogram for 8 consecutive beats in normal sinus 
D. 'hythm and delivering a 60-Hz, 200- to 500-ms train of 2 ms, 
— 10 to 15 mA pulses timed to span the T wave.!! 
. The relay contact output of the defibrillation units were 
connected to a VR16 recorder (Honeywell Inc.) that contin- 
. ually monitored limb leads I and II, as well as a distal, proxi- 
. mal and bipolar endocardial electrogram from the right ven- 
Ре tricular electrodes of the catheter and 2 unipolar and bipolar 
epicardial electrograms from the right ventricular electrodes. 
. Bipolar and unipolar R-wave amplitudes from the right ven- 
— tricular patch electrode and the catheter were monitored 
css throughout the experiment. Pacing thresholds 
29 were routinely determined before fibrillation and after suc- 
` cessful defibrillation. Data were continuously recorded on a 
ч a `РЕ2230 їаре recorder (Ampex Inc. ) at 175 inches per second, 
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FIGURE 2. Defibrillation pulses delivered from the 2 separate defib- 
 rillators. The separation time between the 2 pulses was varied from 1 

` to 10 and 100 ms to provide paired pulses for cardiac countershock. 
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delivery from each unit. | 

Defibrillation: Defibrillation attempts began 10 seconds 
after fibrillation onset using 2 custom-designed defibrillation 
units, which delivered trapezoidal pulses (Fig. 2) at 6596 tilt, 
and approximately 5 ms in duration and fixed outputs (2.5, 
5, 7.5, 10, 15, 20, 25, 35 and 50 J). Up to 3 unsuccessful coun- 
tershock attempts were allowed before a transthoracic rescue 
shock. If the first attempt was successful, the subsequent se- 
ries would begin at the next lowest setting. If the first attempt 
was unsuccessful, the subsequent series would begin at the 
next highest setting. No fibrillation bout was allowed to last 
longer than 60 seconds. At least 10 minutes elapsed between 
each attempted defibrillation series. Failure to defibrillate at 
maximal energy resulted in defibrillation with a transthoracic 
countershock of 250 to 320 J. Each pig underwent defibrilla- 
tion attempts using a single shock through the catheter and 
sequential twin pulses at pulse separations of 1-, 10- and 
100-ms separation. Direct cardiac massage supplemented 
cardiac output when contractility was diminished after 
transthoracic or highest internal countershock delivery. The 
order of shock delivery was randomized for the study. 

Statistical analysis: А multifactorial analysis of variance 
was used to determine the differences between single and twin 
pulse defibrillation thresholds. Individual differences were 
determined using a paired t test (2-tailed). Data are expressed 
as mean + standard error of the mean. A p value <0.05 was 
considered significant. 


Results 


Single shock: Catheter countershock: Mean energy 
for defibrillation using the catheter alone was 43.9 + 3.1 
J. However, over 60% of the pigs could not be defibril- 
lated by a single pulse below 40 J (Fig. 3). In addition, 
particularly at the highest energies, a postshock re- 
duction in R-wave amplitude and an increase in pacing 
threshold occurred at the distal catheter electrodes. 
When using the highest energy, there often was a 
requirement for cardiac massage to promote output 
in the first few minutes after unsuccessful catheter 
defibrillation. 

Catheter tip to plaque: Threshold energy that passed 
from the tip of the catheter to the plaque electrode av- 
eraged 36.1 + 4.3 J. Although this energy was lower, it 
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FIGURE 3. Cumulative percent successful defibrillation with single pulse 

of increasing energy delivery using the catheter alone (open triangles) 

or catheter tip to mesh plaque alone (open squares). Over 60% of the 

pigs could not be defibrillated with less than 40 J using the paster | 
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was not statistically different from the catheter alone 
and 40% of pigs still could not be defibrillated with less 
than 40 J. Also, similar to the response to catheter de- 
fibrillation, there were pacing difficulties and reduced 
cardiac function after higher-energy delivery. 

Sequential pulse delivery: In determining defib- 
rillation threshold, some attempts involved multiple 
subthreshold shocks, whereas others involved only a 
single or no subthreshold shock before defibrillation. 
Figure 4 illustrates all countershock deliveries, including 
all unsuccessful countershocks. Multiple subthreshold 
shocks may change the thresholds. Therefore, when 
considering only the first countershock for threshold 
determination, all pigs could be defibrillated with less 
than 25 J. 

The defibrillation energy with sequential pulse was 
dependent on pulse separation (Fig. 4 and 5). In 4 pigs, 
defibrillation was accomplished with less than 10 J total 
energy. However, at the 10- and 100-ms separations, 
there were progressively fewer successful defibrillations 
below 20 J. At these separations, several pigs required 
much higher energies for defibrillation. The consistency 
of the minimal energy for defibrillation at the 1-ms 
separation is illustrated in Figure 5A for the 10 pigs in 
which determinations were made at all 3 separation 
intervals. There was a statistically significant reduction 
in the mean energy after each reduction in separation 
time (Fig. 5B). 

Associated with the reduction in total energy deliv- 
ered, an approximately 4-fold reduction occurred in the 
leading edge peak current and peak voltage product 
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FIGURE 4. All defibrillation attempts with twin pulse sequential energy 
delivery. Open symbols represent unsuccessful attempts. Closed 
symbols represent successful, efibrillation. Note several successful 
countershocks (closed symbols) with total energies <20 J, particularly 
at the lowest separation interval—1 ms. 
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required at threshold fór defibrillation d 3 vs 41 kW). 4 
With the sequential pulse delivery, there were fewer — 
cases of arrhythmia after defibrillation and only small | 3 
transient alterations in R-wave amplitude (less than - 
20%), the least pronounced of which were with the ша fet 
separation. 
Pacing and R-wave amplitude at the сас f3 
Previously, we found!*!% that energy delivered through - $ 
the cathode in the right ventricular apex resulted in P 
increased pacing thresholds and reduced amplitude of : d 
the R wave of the bipolar electrogram recorded from the — 
ventricular electrode pair. The magnitude of the dec- А 
rement appeared to be energy-dependent. We therefore _ 
examined the effects of energy delivery using the se- r 
quential pulse delivery on the magnitude of the R wave 
recorded from the distal electrode pair on the catheter. " 
Although the energy delivery through the catheter alone _ 
diminished R-wave amplitude by more than 60%, the _ А. 
change in R-wave amplitude was less than 20% with 3 
sequential energy delivery. | 








Discussion 


Direct cardiac countershock using either an intra- a 
vascular catheter??1? or an epicardial patch system! _ 
has been shown to be safe and effective for defibrillation | 
in humans. However, with both the catheter and patch 
electrode configurations, some patients could not be Е. 
defibrillated with less than 25 Ј.457 Similarly, Gold et | A 
al!4 observed that fewer than 50% of pigs could be de- ej 
fibrillated with less than 40 J using a single shock. The | 
success rate did not improve when the energy was in- | | 
creased further to 60 J. We previously found that _ 
energies of this magnitude produce significant postshock _ 
arrhythmias!^!? and temporary loss of pacing and - 
sensing function at the apical electrodes used as cathode 
for energy delivery.!!-!2 In addition, such energies could 
be prohibitively painful in conscious patients.’ The 
major finding of the present study was that when se- - 
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FIGURE 5. Individual responses of 10 pigs for which defibrillation 
thresholds were determined at each separation threshold (A) and the | 
group mean and standard error of the mean (В). A, note that for each- ^u 
animal the threshold for defibrillation is lowest at 1-ms separation. B, 1 
there is a clear reduction in the average threshold with the lowest value _ 
at the 1-ms separation. All means are statistically different (F — 14.62, B 
df = 2.29, p <0.01). wt. = weight. E 
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E quential pulses with 1-ms separation were used, all pigs 
E. could be defibrillated successfully with less than 25 J. 
The concept of direct cardiac defibrillation with 
k multiple shocks, staggered in time, was first put forward 
` by Wiggers in 1940.8 He argued that a series of appro- 
| priately timed subthreshold shocks could depolarize 
` enough myocardium to extinguish fibrillation. Kugel- 
` berg,!?!6 using rectangular shocks of 20-ms duration 
: delivered to the heart and separated by 100 ms, could 
. defibrillate at one-fifth of the energy required of a 
— damped sinusoidal single pulse waveform. Resnekov et 
. al!" found a significant reduction in energy when twin 
_ pulses of 25-ms long and 1-ms rise time and a 75-ms 


. separation were applied to the fibrillating heart. In 


dy 


v 


_ contrast, Schuder!? and Geddes! and their coworkers 
_ reported that rectangular double pulses are inferior to 
_ single rectangular pulses when compared on an energy 
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_ FIGURE 6. Top, when a pulse is passed between 2 poles, there are 

. regions with relatively high current density in the proximity of the 
.. electrodes and other regions with relatively low current density distant 
.. from the electrodes. To defibrillate the myocardium, a sufficiently high 
- amplitude pulse would have to be generated to depolarize a large portion 
— Of the myocardium. Bottom, there is a theoretical improvement in the 
. distribution of current when 4 spacially located electrodes are used for 
— countershock. However, if the 2 pulses are delivered simultaneously, 
. there is not a configuration that does not lead to a "short circuit," seen 
— іп the middle panel. With temporal and spacial separation, there is a 
closer approximation to the distribution illustrated in the bottom 


` panel. 
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basis.!9/!9 These latter investigators also found that 
when double pulses at separations of 70, 100 and 130 ms 
were used the minimal energy requirement occurred at 
the 70-ms separation. Similarly, Moore et al?? found 
that 2 pulses delivered approximately 70 ms apart had 
a slight increase in total energy over a single pulse, but 
that the peak current and peak voltages were reduced 
by approximately 45%. If damage to the ventricle is re- 
lated to current density, these reductions of 45% would 
be expected to be important. In all of these studies, in- 
tervals examined were greater than 8 ms. Thus the 
present study is one of the first to examine the effects 
at 1-ms separation. 

In the present study, the sequential pulses were not 
only separated in time but were also separated spacially. 
Figure 6 illustrates the potential benefits of orthogonal 
delivery as proposed by Bourland et al,? plus the tem- 
poral separation. The net result of this combination of 
temporal and spatial separation is a reduction in 
threshold. 

We found that a separation of 1 ms was optimal, re- 
ducing total energy requirement by approximately 50% 
compared with single shock delivery. In addition, the 
peak voltage and peak current product requirement and 
thus the current density at the electrode were re- 
duced approximately 4-fold. Pulse separation of 10 ms 
gave intermediate results, but even at 100 ms-pulse 
separation, current density at the electrode would be 
less than the single pulse current density. The total 
energy of the sequential pulse is divided equally be- 
tween the 2 pulses. The energy content of each pulse is 
one-half of the total and thus the current of each pulse 
is therefore reduced. Furthermore, 10046 of the pigs 
could be defibrillated with less than 40 J. 

Sequential twin pulse delivery provides a significant 
reduction in the energy necessary for defibrillation and 
more consistent defibrillation than single pulse delivery. 
Sequential pulse produces a pronounced reduction at 
threshold in peak current and peak voltage through the 
catheter alone and would be expected to cause less 
damage to the myocardium. The optimal separation in 
this study was 1.0 ms. The sequential pulse system may 
be useful in the design of an implantable automatic 
defibrillator for patients. 


Acknowledgment: We thank Suzanne Stewart for pre- 
paring the manuscript and Eileen Jarvis and Doug McLellan 
for technical assistance. 
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. To better determine the risks of transcatheter clo- 
. Sure of a patent ductus arteriosus (PDA), a model 


of PDA was made in newborn piglets by using 5- to 
7-mm angioplasty catheters to dilate the probe PDA. 
This maneuver resulted in a permanent PDA in most 


_ Piglets. Four to 6 weeks later PDA closure was at- 


tempted using the Rashkind PDA occluder. Twelve 
such procedures were attempted, using clean but 
nonsterile technique. Nine of 12 PDAs were suc- 


. cessfully closed. Two failures were the result of in- 


ability to successfully traverse the PDA. This prob- 


. lem was solved by using a long sheath to position the 


_ Although operative closure of the patent ductus arte- 


riosus (PDA) is a safe and simple procedure,! the re- 
quirements for general anesthesia and thoracotomy 
convalescence stimulate the search for transcatheter 
methods of PDA occlusion.? 

Rashkind and Cuaso have used a variety of spring 
loaded devices, some with hooks? and some with double 
discs? to close the PDA in infants and children. Because 


 anaturally occurring animal model of a PDA in an ap- 
. propriately sized animal (more than 5 kg) has not been 


described, animal studies with such devices have been 


. limited to the calf, in whom a ductus may stay patent 


for a few days, but then will close spontaneously. Thus, 


_ the anatomic sequelae of attempts to close PDAs with 


transcatheter devices have not been described. We re- 


 cently described a method for producing PDA in the 


piglet with angioplasty catheters.” The ductuses will 
stay patent in most piglets indefinitely. We used this 
preparation to study the safety and efficacy of trans- 


`` catheter PDA occlusion and the anatomic sequelae of 


a ae A h E k M Е 
a 4 ` N ^ . í 

* . *( $ è # rm 
AST at DS ; 2 uk ٠ сұ. ip, EIAS Аш 23 ha: 


such procedures. 





From the Department of Cardiology, Boston Children’s Hospital, and 
the Departments of Pediatrics and Radiology, University of Minnesota, 
Minneapolis, Minnesota. This study was supported in part by Grant HL 


28241 from the National Institutes of Health, Bethesda, Maryland. 


Manuscript received September 17, 1984; revised manuscript received 


- November 14, 1984, accepted November 16, 1984. 


Address for reprints: James E. Lock, MD, Department of Cardiology, 


$. r Boston Children's Hospital, 300 Longwood Avenue, Boston, Massa- 
` chusetts 02115. 


ran KM аА 


device properly. Four complications occurred, all 
related to device release: left pulmonary artery 
embolization in 1 case, femoral artery embolization 
in 1, torn pulmonic valve cusp in 1 and lodgment of 
a prosthesis on a pulmonic valve cusp. Two suc- 
cessfully implanted devices were infected at nec- 
ropsy. This study demonstrates the value of a piglet 
model in testing transcatheter PDA occlusion de- 
vices, the importance of sterile technique in such 
procedures, the hazards of device retrieval through 
the right heart and the feasibility of transcatheter 
PDA closure. (Am J Cardiol 1985;55:826-829) 


Methods 


Sixteen piglets that weighed 3.5 to 5.0 kg (9 to 15 days old) 
were anesthetized with 100 mg of ketamine intravenously, 
intubated and ventilated (Harvard respirator). The method 
of ductus dilation has been described.’ Briefly, a 5Fr catheter 
was introduced across the probe patent ductus after femoral 
artery cutdown, and exchanged over a guidewire for a No. 6Fr 
angioplasty catheter (Surgimed) whose inflated balloon di- 
ameter was 5 mm (2 piglets), 6 mm (12 piglets) or 7 mm (2 
piglets). The balloon was inflated to 6 to 8 atmospheres for 5 
minutes, postdilation angiography confirmed ductal patency, 
and the catheters were removed and the artery was repaired. 
The piglets were followed for 3 to 4 weeks; those with murmurs 
consistent with PDA underwent angiography at 3 to 5 weeks 
of age, before attempted PDA closure. Three piglets died 
before attempted closure: 2 from massive pulmonary blood 
flow, and 1 piglet from a torn femoral artery. One piglet had 
a closed PDA at late angiography. Thus, 12 piglets underwent 
an attempt at transcatheter PDA closure. 

In all piglets, a clean surgical technique was used at the time 
of ductus closure; however, the catheters and devices were not 
sterilized. In 10 of 12 piglets the approach was venous, and in 
2 it was arterial. The PDA, between 2 and 5 mm in diameter, 
was crossed with 7Fr endhole, balloon-tipped catheter, a 
0.038-inch Teflon®-coated exchange guidewire (Cook, Inc.) 
was advanced through the catheter into the descending aorta 
(or main pulmonary artery), and the endhole catheter was 
exchanged for an 8Fr Mullins transeptal introducer set 
(USCI). The sheath of the introducer was left across the PDA 
into the descending aorta, and a Rashkind ductus occluder set 
(USCI) was advanced into the sheath. In the first 2 piglets, we 
then attempted to pass the delivery system all the way through 
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FIGURE 1. Method for occlusion of the patent ductus 
arteriosus (PDA). Panel 1, the transseptal sheath has 
been advanced through the PDA into the aorta, and de- 
livery pod (with prosthesis inside) has been advanced to 
the level of the tricuspid valve. Panel 2, the pod is held 
constant and the prosthesis advanced into the sheath, still 
staying in a collapsed position. Panel 3, the sheath has 
been positioned within the PDA and the prosthesis par- 
tially extruded to allow the distal arms to engage the aortic 
end of the PDA. 
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the sheath into the descending aorta. In each case, the delivery 
pod could be advanced only to the level of the tricuspid valve. 
At that point the tip of the delivery pod dug into the sides of 
the sheath (presumably due to the curve in the sheath) and 
could not be further advanced (Fig. 1). For all subsequent 
attempts, the delivery pod was therefore advanced partway 
into the sheath. The sheath was then used as an extension of 


The double umbrella prosthesis was then advanced іо Ње . 
end of the sheath and the sheath withdrawn to the level of the 


ductus (as previously identified from angiography). The po- 


sition of the prosthesis was held constant, and the sheath © 


withdrawn 1 to 2 cm to allow the distal arms to be released 
(Fig. 1). The device was gently jiggled to be sure it was ap- 


proximately positioned, the sheath withdrawn (releasing the - 


the pod (Fig. 1), allowing delivery of the still-collapsed pros- 


proximal arms) to the mid-right ventricle to prevent traction 
thesis to the distal PDA. 


on the delivery wire, and the device was released. If the posi- 


TABLE! Outcome of Transcatheter Ductal Closure 








Weight 
Pig (kg) Outcome Complications Autopsy Findings 
1 8 Not occluded; pod stuck None — 
in sheath 
2 9 Not occluded; pod stuck None — 
in sheath 
3 8 Successful occlusion None Prosthesis in place 
4 9 Successful occlusion None Prosthesis in place; 
endocarditis 
5 5 Successful occlusion Device snared on Prosthesis in place; 
pulmonary valve Destruction of ant. 
pulmonary cusp 
6 7 Successful occlusion None Prosthesis in place 
7 6 Successful occlusion Device retrieved through Prosthesis in place; 
R heart Destruction of ant. 
pulmonary cusp 
8 9 Successful occlusion None Device protruding into 
aorta | 
9 13 Successful occlusion None Prosthesis in place У 
T 10 10 Successful occlusion Device lost into left PA Device protruding into 
aorta 
11 12 Not occluded; device Device lost into — "a 
would not release femoral artery | 
12 10 Successful occlusion None 


Prosthesis in place; 
endocarditis 





ant. = anterior; PA = pulmonary artery; R = right; — = not performed. 





— FIGURE 2. In original form (left), the delivery wire held the prosthesis 
` by means of a hood and eye mechanism which prevented inadvertent 
release but made purposeful release less certain. After modification 
(right), the curved sides of ''lollipop" simplifies release. 





FIGURE 3. Ductus occlusion prosthesis entangled in the pulmonary 
valve. Part of the device is seen at the commissure between the anterior 
and left leaflets of the pulmonary valve. The anterior leaflet is destroyed, 
with minor damage to the left leaflet. PT = pulmonary trunk; RV = right 
ventricle. 
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_ FIGURE 4. Right ventricular outflow tract after prosthesis retrieval. 
There is avulsion of the anterior pulmonary valve cusp (double arrows). 
A long linear laceration was produced in the outflow of the right ventricle 
(arrows). The left and right pulmonary valve cusps are unharmed. C — 
cusp; PT — pulmonary trunk. 


tion within the PDA was lost during the attempts to release 
the prosthesis, the entire prosthesis was withdrawn (with arms 
now extended) through the right heart and the process was 
begun anew. 

After successful positioning, repeat aortography was per- 
formed 5 to 15 minutes after prosthesis placement to confirm 
occlusion, the groin repaired, and the animal allowed to re- 
cover. All specimens were examined by 1 observer, who was 
blinded as to the clinical and roentgenologic results of PDA 
occlusion. 


Results 


The outcomes of transcatheter ductal closure are 
listed in Table I. In every case, we passed a catheter, 
wire and transseptal sheath across the PDA. In the first 
2 cases, we could not get the delivery system to follow 
the sheath past the level of the tricuspid valve. Two 
devices were properly positioned in the PDA, but the 
wire (with accompanying hook; see Fig. 2) could not be 
disengaged from the eye despite multiple manipula- 
tions. Both devices were thus attached to the delivery 
wire. The wire and pod were then withdrawn through 
the right heart; 1 device was successfully retrieved from 
the groin (although some resistance was felt in the right 
ventricle) and the PDA was subsequently occluded with 
а second device. One device snagged the pulmonary 
valve and lodged there. This device was left in situ, and 
the PDA was subsequently occluded with a second 
prosthesis. 
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FIGURE 5. Bacterial endocarditis in piglet 4. The opened descending 
aorta (D. Ao.) and aortic arch (A.A.) are seen. A large mass of vegeta- 
tions is bulging from the ductus into the aorta (arrow). Bacterial endo- 
carditis also involved the mitral valve, aortic valve and pulmonary trunk 
in this piglet. 


Subsequent to these experiences, and those of others, 
the device was modified (by USCI) to ensure that the 
prosthesis would be easily released at the right time. A 
rounded “lollipop” and eye configuration was used (Fig. 
2). In all subsequent attempts, no difficulty was en- 
countered in releasing the prosthesis from the wire. 
However, in 2 cases, when the wire disengaged the wire 
straightened; it snapped in a cephalad direction, causing 
the “lollipop” to become ensnared in the loose foam of 
the proximal arms of the device. Two devices dislodged 
from the PDA as a result of attempts to get the wire out 
of the foam: 1 embolized to the left pulmonary artery, 
and 1 to the femoral artery. 

Anatomic evaluation was performed at autopsy in 8 
piglets, 1 week to 2 months after PDA occlusion. The 
ductus occlusion device was optimally positioned in 6 
piglets, with the proximal umbrella snug to the pul- 
monary artery wall and the distal umbrella snug to the 
aortic wall (piglets 3, 4, 5, 6, 7 and 9). In 2 others (piglets 
8 and 10) the ductus was occluded, but the occluding 
device was not optimally positioned. In each, the 
proximal umbrella was located in the midportion of the 
PDA while the distal umbrella extended partway into 
the aortic lumen. 

Two occlusion devices were found outside the PDA. 
In 1 (piglet 10), the device was found in the left lower 
pulmonary artery, although the vessel was still patent. 
In piglet 5, a device was found completely entangled in 
the anterior cusp of the pulmonary valve. That cusp had 
been effectively destroyed (Fig. 3) and there was also 
minor damage to the left cusp. 

Little cardiac trauma was associated with PDA oc- 
clusion. However, in piglet 7 (from whom a misplaced 
device had been successfully retrieved) the anterior 
leaflet of the pulmonary valve was avulsed at post- 
mortem examination. In addition, there was a 2-cm 
laceration in the anterior wall of the infundibular right 
ventricle (Fig. 4). 

Bacterial aortitis involving the prosthesis and the 
ductus arteriosus was found in piglets 4 and 12. In both 
piglets, vegetations bulged into the great vessel lumens 
(Fig. 5). Endocarditis also involved the aortic and mitral 
valves in piglet 4 and the aortic sinuses in piglet 12. 


Discussion 


This study demonstrates both the feasibility of 
closing PDAs in experimental animals and the value of 
this model for the testing of catheter-directed ductus 
closure devices. In addition, several observations can 
be made which should reduce the morbidity of this 
procedure during its application in children. 

First, the presence of endocarditis 1 to 2 months after 
ductal closure underscores the potential for infection 
in such procedures. These procedures were performed 
in a clean but nonsterile fashion; thus, the late occur- 
rence of endocarditis should not be entirely surprising. 


However, other similar catheter directed phas 
experiments have been performed in a clean but non- - 
sterile fashion (but not involving an implanted pros- 
thesis) without resulting in subsequent endocarditis.9.10 
Since the widespread use of percutaneous techniques, _ 
the scarcity of infectious complications at catheteriza- 
tion may have prompted some centers to relax infectious : 


precautions. Our results emphasize that during trans- a 


catheter PDA occlusion, strict asepsis should be 
observed. 
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Although previous workers have reported the re- 9 
trieval (using snares or other devices) through the right _ 
heart of malpositioned devices, our results indicate that 
such retrieval may be hazardous even when the wire is - j 


still attached to the open-armed device. The extended 


and nonflexible arms can clearly damage valvular 5 


structures (Fig. 3 and 4), and can dislodge on a cardiac 


valve, necessitating subsequent cardiopulmonary by- - 
pass. These results would support a policy of leaving all _ 


dislodged prostheses in the left pulmonary artery, to 
allow for removal at the time of subsequent thoracoto- 
my for PDA ligation, rather than forcing retrieval | 
through the right heart. 

Although several technical problems were identified. 
during the course of the study, solutions to most have - 
been identified. Prosthesis implantation became quite 
accurate with practice, and there was no evidence of - 
prosthesis migration after successful implantation and . 
release. The problem of the wire tip becoming un- 
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meshed in the foam of the prosthesis appears to be re- — 


solved by prebending the wire at its tip so that, at the 


A 


time of release, its axis is parallel to the axis of the | 
prosthesis. Provided that such modifications are suc- - 
cessful, it would appear that transcatheter PDA closure _ 


will become much more widely used. 
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. The effects of the oxygen-carrier fluorocarbons on 
. myocardial infarct size were assessed in non-ex- 
. change-transfused dogs subjected either to a 3-hour 
. occlusion of the left anterior descending coronary 
. artery (LAD) followed by 2 hours of reperfusion 
_ (protocol I) or to a 5-hour permanent LAD occlusion 
by (protocol Il). Fluorocarbon administration was begun 
_ 30 minutes after LAD occlusion and was continued 
. over the entire period of ischemia. After 5 hours, the 
| hearts were excised and areas of necrosis were 
_ visualized by triphenyl tetrazolium chloride staining 
E while risk regions were assessed by radiolabeled 
microspheres injected after coronary occlusion just 
_ before the onset of therapy, and further, in protocol 
_ I, by thallium-201 perfusion imaging performed at 
_ the end of fluorocarbon administration. 
În protocol | experiments, the ratio of necrotic 
area to area at risk was 81 + 35% (mean + stan- 
dard deviation) in control saline-treated dogs (n — 
. 6) and 67 + 27% in fluorocarbon-treated dogs (n 


— 6) (difference not significant). There was no 
significant difference between risk regions mea- 
sured after and before fluorocarbon treatment. In 
protocol Il, the ratio of necrotic area to area at risk 
was 47 + 30% in control dogs (n = 5) and 63 + 
29 % in fluorocarbon-treated dogs (n = 5) (differ- 
ence not significant). However, in control dogs, the 
ratio of necrotic area to area at risk increased from 
47 + 30% in the dogs that underwent permanent 
occlusion to 81 + 35% in the group that underwent 
reperfusion (p «0.001) while this ratio was similar 
in the corresponding subsets of fluorocarbon-treated 
animals. Thus, fluorocarbons did not reduce infarct 
size compared to untreated controls either in the 
reperfusion or in the permanent coronary occlusion 
model, but comparison of data between these 2 
models suggests that perfluorochemicals may offer 
some protection against reperfusion injury. 


(Am J Cardiol 1985;55:830-834) 
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_ Much research effort has been devoted to the concept 
of limiting myocardial infarct size by surgical or phar- 
-macologic means. In 3 experimental studies!-? the 
_ oxygen-carrier fluorocarbons were found to be effective 
in reducing the extent of necrosis in a model of acute 
coronary artery occlusion. Although these studies 
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stimulate perspectives in oxygen therapy in the man- 
agement of acute myocardial infarction (AMI),4 their 
clinical relevance is limited by several methodologic 
issues, in particular the use of hemodilution,'? the 
administration of fluorocarbon before the onset of 
ischemia,! the generation of relatively small areas of 
jeopardized myocardium and the assessment of these 
risk regions only at the end of the occlusion period. 
In the present study, we endeavored to overcome 
these problems by assessing the effects of fluorocarbon, 
given after coronary occlusion in non-exchange-trans- 
fused dogs subjected either to 3 hours of left anterior 
descending coronary artery (LAD) occlusion followed 
by 2 hours of reperfusion or to a 5-hour permanent LAD 
occlusion. To allow an accurate assessment of the po- 
tential effects of fluorocarbons on ultimate infarct size, 
the risk regions were marked by an in vivo technique 
soon after coronary occlusion but before fluorocarbon 
administration since this technique provides the mea- 
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surement of the true zone of initial hypoperfusion before 
the occurrence of time-dependent changes in blood flow 
in and around infarcted tissue.9 


Methods 


Operative procedure: Twenty-two mongrel dogs that 
weighed 20 to 30 kg were anesthetized with sodium pento- 
barbital (1 cg/kg), intubated and ventilated with a Harvard 
respirator at 100% fractional inspired oxygen. Electrocar- 
diographic standard limb leads and systemic arterial pressures 
through a Cournand 7Fr catheter in the common femoral ar- 
tery (Statham P23Db pressure transducer) were recorded on 
a multichannel recorder (Gould Instruments). A plastic 
catheter was placed in the common femoral vein for fluid 
administration. Arterial blood gases and pH were intermit- 
tently monitored and maintained within the normal range. 

The heart was exposed by a left thoracotomy and a poly- 
ethylene catheter was placed in the left atrium to inject ra- 
dioisotopes. The LAD was dissected free and occluded with 
a vascular clamp just distal to the first major diagonal branch. 
All dogs received an intravenous bolus of xylocaine, 1 mg/kg, 
immediately before occlusion. 

Experimental protocols: Protocol I was designed to assess 
the effects of fluorocarbons on reperfused infarcts. Twelve 
dogs were subjected to 3 hours of LAD occlusion followed by 
2 hours of reperfusion. These time periods were selected be- 
cause of their relevance to patients undergoing early fibrino- 
lytic or surgical revascularization. Thirty minutes after cor- 
onary occlusion, the dogs were randomized to treatment (n 
= 6) and control (n = 6) groups and received either fluoro- 
carbon (500 ml) or an equal volume of saline solution intra- 
venously by constant infusion over the ensuing period of re- 
gional ischemia (2.5 hours). Three hours after coronary 
occlusion, the LAD clamp was released and reperfusion was 
instituted for 2 hours. 

Protocol II was conducted to assess the effects of fluoro- 
carbons on nonreperfused infarcts. For this, 2 groups of 5 dogs 
each were subjected to a permanent 5-hour coronary artery 
occlusion. Thirty minutes after LAD occlusion, a continuous 
intravenous infusion of either fluorocarbon (500 ml) or saline 
solution (500 ml) was started and continued until the termi- 
nation of the experiment. 

Measurement of risk regions and infarct size: For in 
vivo delineation of myocardium at risk of infarction, 10 mCi 
of technetium-99m-labeled human albumin microspheres 15 
+ Би in diameter (CEA®) were injected into the left atrium 
after LAD occlusion, 5 minutes before initiating the infusion 
of fluorocarbons or saline solution. Further, in protocol II 
experiments, the area of myocardium remaining at risk of 
necrosis at the end of therapy was assessed by injecting 0.5 
mCi of thallium-201 (T1-201) into the left atrium 1 minute 
before the release of the LAD clamp. Early distribution of 
T1-201 is predominatly flow-dependent? and correlates well 
with microsphere estimates of transmural regional blood flow.® 

At the end of each experiment, the heart was excised and 
the left ventricle was sliced into 1-cm-thick sections perpen- 
dicular to the apex-base axis. The slices were incubated for 
20 minutes in triphenyltetrazolium chloride at 37°C. Tri- 
phenyltetrazolium chloride is a reliable method of quantifying 
necrosis.? Subsequently, the slices were counted in a gamma 
camera (Opticamera, CGR) for visualization of the nonper- 
fused myocardial areas at risk of developing infarction. 
Windows were set at 140 + 14 keV for technetium-99m and 
80 + 8 keV for T1-201 activity. The gamma camera was linked 
to a digital computer (Cine 200, Intertechnique) and the im- 
ages were recorded on a magnetic disk. The digital computer 


|. was programmed to recall and display images recorded on an 


oscilloscopic screen within a 64 X 64 pixel grid. The contours 
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of the left ventricular slices and those of the risk regions were _ 
traced on the visual display unit with an electronic light pen. _ 
The edge of the risk regions was placed where radioactivity - | 
decreased by 50% of the maximal activity.!? The total areas _ 
of the slices, the areas of hypoperfusion and the areas of ne- _ 
crosis were calculated by computerized planimetry. For each _ 
slice, areas on the top and bottom surfaces were averaged. _ 
Expression of results: Areas of hypoperfusion and of ne- | 
crosis are expressed as a percentage of the total area of the | 
corresponding slice. Infarct size is also expressed as a per- _ 
centage of the area at risk assessed by microspheres before : 
treatment. In protocol I, the effects of fluorocarbon on col- — 
lateral flow during coronary occlusion were assessed by com- _ 
paring areas at risk before and after treatment. Masses of in- ' 
farcts and risk regions for each section were computed by - 
relating their relative areas to the weights of the section. The 
investigators performing measurements were blinded as to 
the treatment status of the dog. E 
Fluorocarbon solution: The perfluoro compound was : 
perfluorotributylamine (FC-43, 200 g/liter) emulsified with © 
Pluronic F-68 (25.6 g/liter) using a Biosonik model BPI (150 _ 
W) sonator. The emulsified fluorocarbon was mixed with ап ~ 
electrolyte solution with a composition as follows: Na+, 100 — 
mM /liter; К+, 4.5 mM /liter; Ca?*, 0.25 mM/liter; МаАНСОз, 
30 mM /liter; glucose, 1.8 g/liter. The final mixture was oxy- 
genated to a РО» of 600 mm Hg and the osmolality adjusted _ 
to 290 + 3 mosm. Despite the high solubility of carbon dioxide _ 
in perfluorochemicals, bicarbonate buffer was considered 










1 
essential for maintaining the proper pH (7.60) and PCO»? (45 — 
mm Hg). Centrifugation was used to ensure removal of large . 
particles so that the average particle size was 0.1и, with по | і 
particles larger than 0.34. The preparation was stored at 4°C _ 
before use. 20 

Statistical evaluation: А 2-way analysis of variance was | 
used to determine the presence of significant differences (p | 
<0.05) in the group mean values.!! Whenever F ratios reached _ 
a significant level, the resultant simultaneous multiple com- | 
parisons between experimental groups were carried out чай | 
Bonferroni’s method to correct for the set of comparisons.“ ч 
Intergroup comparisons of hemodynamic variables and ar- s 
terial gas concentrations were made using the Mann-Whitney · 
test. Data are given as the mean + standard deviation of the _ 


mean. 
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Results * 


Protocol I experiments: There was no significant | 
difference between the 2 groups either in preocclusion : 
heart rate and mean arterial pressure or in the size of the - 
initial areas at risk (Tables I and II). Failure of fluoro- - 
carbons to improve collateral flow was evidenced by the - 
fact that the area of hypoperfusion, as assessed by Ti 
201 imaging З hours after LAD occlusion, was similar | 
in dogs that had received fluorocarbons and in the | 
control dogs. Accordingly, the decrease in area at risk - 
during the period of ischemia did not differ significantly: 
in control and fluorocarbon-treated dogs: 6.0 + 6.2% and — 
8.0 + 10.6% of the left ventricle, respectively. Infarct | 
size, expressed either as a percentage of the left ventr 
or as a percent of the initial area at risk, was not signif- 
icantly different between the 2 groups (Table II). The 
inability of fluorocarbons to reduce the extent of. 
ischemic injury under our experimental conditions was - 
confirmed by comparative analysis of the weight of 
salvaged myocardium, which was calculated, for each - 
slice, as the difference between the weight of necrosis 
and the weight at risk before treatment. The mass of 
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. Mean Hemodynamic Values for All Groups 
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Preocclusion 





3-Hour LAD Occlusion + 2-Hour Reperfusion 





ORE €. 216 + 52 

. — Fluorocarbon-treated 172 + 22 

pe. arterial pressure (mm Hg) sup 
... Control 

— . Fluorocarbon-treated 121 + 21 
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Occlusion Reperfusion 
205 + 61 196 + 79 
160 + 22 156 + 27 
104 + 18 110 + 19 
115 + 15 111 + 12 
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e: 5-Hour LAD Permanent Occlusion 

| Heart rate (beats/min) EN us im 1 ds 
` Control 

-... Fluorocarbon-treated 200 + 10 220 + 72 
. Mean arterial pressure (mm Hg) 

rd ol 123 + 8 111+ 6 


Fluorocarbon-treated 
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119 + 11 
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NW: 5 Values are mean + standard deviation. 
LAD = left anterior descending coronary artery. 


zi 
e *, 


è Š 
> 


Lue 


circ 


n 


salvaged myocardium was 2.2 + 3.3 g in the control 
~ group and 3.1 + 3.1 g in the fluorocarbon-treated group 
(difference not significant). A potential difference in 
. ultimate infarct size between control and fluorocar- 
| bon-treated dogs is unlikely to have been masked by 
_ different patterns of myocardial oxygen consumption 
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since heart rate and mean arterial pressure recorded 
- during coronary occlusion and after reperfusion did not 
differ significantly in the 2 groups (Table I). 

E . Nosignificant alteration occurred in blood gas levels 
апі hematocrit values іп either group throughout the 
. experimental time course (Table III). 

. _ Protocol II experiments: There was no difference 
_ in preocclusion values of heart rate and mean arterial 
_ pressure between the 2 groups (Table I). Despite our 
~ standardized operative procedure regarding the site of 
_ LAD occlusion (beyond the first major diagonal 
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: Values for Area at Risk and Area of Necrosis as 
Кы Percentage of Total Left Ventricle and Area of 
BS Necrosis as Percentage of Area at Risk 

Й ^ Fluorocarbon 

i" A Control Treated p Value 
А, | 3-Hour LAD Occlusion + 2-Hour Reperfusion 

Bos (n — 6) (n — 6) 

` AR, (96 LV) 42 + 14 43 + 13 NS 
`` ARa (96 LV) 36 + 19 35+ 17 NS 

—— AN(96 LV) 35 + 21 30 + 16 NS 
AN/AR, X 100 81+ 35 67 + 27 NS 
oa | 5-Hour LAD Permanent Occlusion 

E) (n = 5) (n = 5) 

E: AR, (96 LV) 28 + 17 42 + 28 <0.02 
` AN(% LV) 13 + 11 30 + 23 «0.02 
— A AN/AR X 100 47 + 30* 63 + 29 NS 


ў * p <0.001 vs the corresponding value of the control, reperfused 


ip. 
a ss are mean + standard deviation. 
. AN = area of necrosis; AR; = area at risk assessed by techne- 
. tium-99m-labeled microspheres 25 minutes after LAD occlusion and 
5 minutes before starting saline or fluorocarbon infusion; АВ» = area 
. at risk assessed by thallium-201 at the end of saline solution or fluo- 
. rocarbon infusion and immediately before reperfusion; LAD = left an- 
. terior descending artery; LV = left ventricle; NS = not significant. 
sie 
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branch), the area at risk was found larger in the treated 
group (Table IT). This finding confirms previous reports 
on the variability of injury arising from a standard oc- 
clusion site due to the unpredictable extent of collateral 
circulation in 06.518 As expected from risk region 
measurements, the extent of necrosis was larger in dogs 
that received fluorocarbons than in controls. However, 
when infarct size was expressed as a percentage of area 
at risk, there was no significant difference between 
control and treated dogs. Similarly, both groups were 
similar with respect to the weight of salvaged myocar- 
dium (3.1 + 3.2 g and 2.8 + 3.3 g in control and treated 
dogs, respectively). 

As in protocol I, there was no significant intergroup 
difference in heart rate, mean arterial pressure or he- 
matocrit during coronary occlusion (Tables I and 
IIT). 

Comparison of protocol I and protocol II exper- 

iments: In the control dogs, the area at risk was signif- 
icantly larger (p <0.001) in permanently occluded dogs 
than in those undergoing reperfusion (Table II). Be- 
cause allocation of dogs to 1 of these groups was done 
at random, we assume that this difference is a result of 
the well-documented variability in the distribution of 
collateral vessels among dogs. The problem of the re- 
sulting variability in infarct size can be overcome by 
expressing infarct size as a percentage of the initial zone 
of hypoperfusion. This ratio yielded a value of 47 + 30% 
in permanently occluded infarcts and 81 + 35% in re- 
perfused infarcts (p «0.001). Conversely, in the fluo- 
rocarbon-treated dogs, the risk regions in the permanent 
occlusion and reperfusion groups were comparable. In 
contrast to the finding in the control dogs, there was no 
significant difference in the ratio of necrotic myocar- 
dium to myocardium at risk between the 2 groups. That 
the fluorocarbon mixture may have provided some 
protection to ischemic myocardium when applied dur- 
ing the period of coronary occlusion was also indicated 
by the observation that the extent of necrosis was not 
significantly different between fluorocarbon-treated 
dogs that did not undergo reperfusion and saline- 
treated dogs that did undergo reperfusion, while both 
groups had initial areas at risk comparable in size. 
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TABLE Ill Arterial Gas Concentration See 
Preocclusion Occlusion Reperfusion p : 3 
Po» pH Poco. Но Ро pH Poco. -Het Ро pH Poos Het - 
3-Hour LAD Occlusion + 2-Hour Reperfusion E 
Control 415 7.36 33 44 303 7.36 31 45 303 7.41 ә — 439 — 
Fluorocarbon-treated 486 7.42 28 48 351 7.42 27 45 395 7.43 26 39 — 
5-Hour LAD Permanent Occlusion E. 4 
Control $27 . 7.38 31 41 454 7.4 24 42 = не — 2 
Fluorocarbon-treated 337 7.36 34 37 414 7.45 24 40 — — — — 3 


Hct = hematocrit: LAD = left anterior descending coronary artery; Po? and Рсог = partial pressure of oxygen and carbon dioxide, 3 | 


respectively. 


Discussion 


The rationale for using fluorocarbons in the man- 
agement of AMI is based on an increased oxygen de- 
livery to ischemic heart cells!4 because of both the high 
gas-dissolving capacity of perfluorochemicals!? and 
a greater oxygen extraction by the tissues,'ó and an 
improved distribution of oxygen at the microvascular 
level resulting from the low viscosity of the emulsions 
and the small size of the particles.!16:!? We!8 previously 
reported a reduction of infarct size in dogs that received 
an appropriately modified fluorocarbon solution as an 
initial reperfusate after a 4-hour occlusion of the LAD; 
other investigators!-? claim that fluorocarbons are ef- 
fective in decreasing the extent of myocardial dam- 
age when applied during the period of coronary 
occlusion. 

Fluorocarbons and infarct size: Our negative re- 
sults on the effects of fluorocarbons upon infarct size 
both in a reperfusion (protocol I) and in a permanent 
(protocol II) coronary artery occlusion model are thus 
at variance with those reported by Glogar,! Nunn? and 
Chur? and their co-workers. However, at least 2 major 
differences in experimental protocols may account for 
these conflicting results. 

А first concern is related to the hematocrit value. In 
the studies of Glogar,! Nunn,? Chun? and co-workers, 
dogs were bled before the infusion of fluorocarbons to 
attain a hematocrit averaging 25%, 33% and 22%, re- 
spectively. In the clinical setting, withdrawal of blood 
at the acute stage of AMI may be a hazardous proce- 
dure.!? Therefore, we intentionally maintained he- 
matocrit within a physiologic range (Table III) to mimic 
the clinical situation of patients with evolving AMI in 
whom volume loading would be ensured by fluorocar- 
bons rather than by a standard saline solution. Mixture 
of fluorocarbons with whole blood may have resulted 
in an increased viscosity," which jeopardized one of 
the major advantages of fluorocarbon emulsions, that 
is, an enhanced oxygen-related recovery of ische- 
mic tissues by a better exploitation of the peripheral 
microcirculation.!6 

А second difference is related to the extent of area at 
risk before treatment. In the studies of Glogar! and 
Nunn? and their co-workers, this area was relatively 
limited, averaging 22% and 32% of the left ventricle, 
respectively. In the present study, the area at risk was 
much larger, averaging 40% of the left ventricle, both in 
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fluorocarbon-treated reperfused and попере ЧИШ 
groups. The effectiveness of an intervention designed A 
to reduce infarct size depends on the size of the area at 
risk,!? so that the smaller the initial zone in jeopardy, - 
the more effective the treatment.1620 The observation 
that small zones of hypoperfusion present more collat- _ 
eral vessels is also in accordance with this concept.?! In _ 
the present study, in which ischemic areas involved - 
large portions of the left ventricle, minimal collateral- - 
ization occurred during the 3-hour coronary occlusion, - 
as evidenced by the absence of difference between ће | 
size of the risk regions measured at the onset and at the © 
end of occlusion, both in control and fluorocarbon- — 
treated dogs subjected to protocol I. 1 

In the series of reperfused infarcts, the intergroup _ 
difference in infarct size, expressed as a percent of the - 
initial area at risk, did not reach statistical significance. - 
However, the group mean values of this ratio (67% in | 
control and 81% in treated dogs) indicated a trend — 
favoring the fluorocarbon-treated group. Thus, one - 
cannot exclude that more experiments might have un- - 
masked a truly positive effect of fluorocarbons. How- 
ever, this hypothesis remains speculative, mainly be- 
cause infarct size, when expressed as a percent of left 
ventricle, was actually similar in the 2 groups (3596 in 
control and 30% in treated dogs), the validity of this — 
latter ratio being supported here by the similarity of the . 
initial risk regions in these 2 groups (42% and 43%, re- 
spectively). It is also unlikely that the high values of 
heart rate yielded by the fluorocarbon-treated, non- — 
reperfused group may have biased the results against - 
fluorocarbons through an increased myocardial oxygen _ 
consumption since, with the use of nondiluted blood _ 
mixed with fluorocarbon at 100% fractional inspired - 
oxygen, a restricted availability of oxygen is not ex- _ 
pected to be a limiting factor.!6 | 

Fluorocarbons and reperfusion injury: A second 4 
finding of our study was that although fluorocarbons _ 
failed to reduce infarct size compared with their un- — 
treated controls within each of the 2 protocols, com- 
parison of data between the 2 protocols suggested that 
untreated controls may have sustained a reperfusion. 
injury that did not occur in fluorocarbon-treated 
dogs. 

'l'hus, in control dogs, the area of necrosis/area at risk 
ratio significantly increased in the group that underwent 
reperfusion (p <0.001) compared with the group that _ 
underwent permanent occlusion. Опе may argue that _ 
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. the size of risk regions was different between the 2 
Е ора. This issue was addressed by relating the ulti- 
. mate infarct size to the initial zone of hypoperfusion.® 
_ Considering that under our experimental conditions, 
- approximately 50% of the risk region evolved to necrosis 
3 in the control group that underwent permanent occlu- 
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‘sion, and that the mass of an infarct is linearly related 
a to the mass of the risk region,92223 the value (81%) of 
` the area of necrosis/area at risk ratio yielded by control 
. reperfused dogs is higher than would be anticipated 
_ from the size of their initial risk regions, which suggests 
- some additional damage associated with reperfusion. 
E This hypothesis is supported by the observation that 
| in our control group, 5 of the 6 reperfused infarcts had 
- gross evidence of subendocardial hemorrhage, whereas 
- none of the 5 permanently ischemic infarcts was 
- hemorrhagic. 
. Conversely, in the fluorocarbon-treated dogs, there 
E was no significant difference in the ratio of necrotic area 
| to area at risk between dogs that underwent reperfusion 
. and those that had permanent occlusion. Only 3 of the 
_ 6 reperfused infarcts had some areas of mild intramy- 
- ocardial hemorrhage which, in all cases, was far less 
.. severe than that in control dogs with reperfused infarcts. 
` The infusion of fluorocarbons over 5 hours without re- 
| perfusion resulted in a similar degree of tissue salvage 
| as a shorter period of ischemia (3 hours) without 
_ treatment, but followed by 2 hours of reperfusion (Table 
~ II). The lack of a significant effect of fluorocarbons on 
~ collateral flow suggests that the potential protection 
. afforded by fluorocarbons against reperfusion injury 
. was mediated by direct cellular, flow-independent ef- 
_ fects of the perfluoro compounds on myocytes or, pos- 
_ sibly, endothelial cells,?4 since the enlargement of in- 
 farct size on reperfusion has been attributed to micro- 
vascular injury leading to hemorrhage into necrotic 
myocardium.25.26 


` Acknowledgment: We are indebted to Robert Eccles for 
` his expert technical assistance. 
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Introducing the Aries Model 700... 
The First Intra-Aortic Balloon Pump Control System 
designed as much for the critical care professional 
as it is for the patient. 


In size, weight, reliability and flexibility, the Aries Model 700 LABP Control 
system is years beyond present systems. 

It’s the first and only totally new IABP control system in nearly ten years. 

It's the only IABP control system to take full advantage of microprocessor 
technology. 

It's the only IABP control system that takes up less than 3 sq. ft. of floor space 
and weighs under 200 lbs. with helium tank. 

It's the first and only IABP control system to successfully address the need for 
quiet running, minimum floor space and much lighter weight. 


The Model 700 will automatically regulate its rate and volume of gas delivery... 
Automatically detect leakage and aberrant rhythms... 
And automatically deflate on R-waves and arrhythmias. 



















` Further, the Model 700 will automatically shut down if performance require- 

ments aren't met. And it will automatically switch over to battery operation 

for mobile use or in the event of a sudden power loss. 

Our five triggering modes will give 
you the flexibility and control 
you need. 

And the Model 700 is compatible 
with a wide range of balloons 
from other manufacturers. 

In short, the Aries Model 700 is the 
only system designed for the 
critical care professional as well 
as the patient. 


The Aries Model 700. The IABP 
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instrumentation and disposables. 
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Outside Massachusetts call 1-800-438-3181 
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Angina 
Protection 
with Benefits for 
a Lifetime 


ONCE-DAILY CONTROL 
WITH HEART-SAVING BENEFITS 


By reducing heart rate and cardiac contractility, INDERAL LA helps 
protect the heart from the potentially serious and debilitating 
consequences of ischemia. A highly effective antianginal agent for 
around-the-clock control of symptoms, INDERAL LA also provides 
cardiovascular protection for a sense of security in the years ahead. 


PROTECTION AND EXPERIENCE 
NO CALCIUM BLOCKER САМ MATCH 


Unlike calcium blockers, INDERAL LA—either alone or with a 
nitrate—is recommended for early treatment of angina in the 
majority of patients. Equally important, INDERAL LA delivers the 
proven performance and safety profile of INDERAL tablets— 
confirmed by millions of patients during 16 years of clinical use. 


START WITH 80 MG ONCE DAILY 


Dosage may be increased to 160 mg once daily, as needed, to 
achieve optimal control. INDERAL LA should not be used in congestive 
heart failure, sinus bradycardia, cardiogenic shock, heart block greater 
than first degree, and bronchial asthma. Please see next page for 
further details and brief summary of prescribing information. 
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.. THERAPY IN ANGINA 
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(PROPRANOLOL HCI) 
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_ BRIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR.) 
|» INDERAL® LA brand of propranolol hydrochloride (Long Acting Capsules) 
— . DESCRIPTION. Inderal LA is formulated to provide a sustained release of propranolol 
— — hydrochloride. Inderal LA is available as 80 mg, 120 mg, and 160 mg capsules. 
CLINICAL PHARMACOLOGY. INDERAL is a nonselective beta-adrenergic receptor 
. blocking agent possessing no other autonomic nervous system activity. It specifically com- 
petes with beta-adrenergic receptor stimulating agents for available receptor ‘sites. When 
access to beta-receptor sites is blocked by INDERAL, the chronotropic, inotropic, and 
A ^ vasodilator responses to beta-adrenergic stimulation are decreased proportionately. 
^ ... INDERAL LA Capsules (80, 120, and 160 mg) release propranolol НС! at a controlled and 
` predictable rate. Peak blood levels following dosing with INDERAL LA occur at about 6 hours 
` andthe apparent plasma half-life is about 10 hours. When measured at steady state over a 24- 
— hour period the areas under the propranolol plasma concentration-time curve (AUCs) for the 
capsules are approximately 60% to 65% of the AUCs for a comparable divided daily dose of 
INDERAL tablets. The lower AUCs for the capsules are due to greater hepatic metabolism of 
^ ropranolol, resulting from the slower rate of absorption of propranolol. Over a twenty-four (24) 
— — hour period, blood levels are fairly constant for about twelve (12) hours then decline 
exponentially. 
ү: INDERAL LA should not be considered a simple mg for mg substitute for conventional 
propranolol and the blood levels achieved do not match (are lower than) those of two to four 
Мые times daily dosing with the same dose. When changing to INDERAL LA from conventional 
— propranolol, a possible need for retitration upwards should be considered especially to 
— — Maintain effectiveness at the end of the dosing interval. In most clinical settings, however, 
-— Such as hypertension or angina where there is little correlation between plasma levels and 
— — Clinical effect, INDERAL LA has been therapeutically equivalent to the same mg dose of 
—- conventional INDERAL as assessed by 24-hour effects on blood pressure and on 24-hour 
` exercise responses of heart rate, systolic pressure and rate pressure product. INDERAL LA 
— can provide effective beta blockade for a 24-hour period. 
c el e mechanism of the antihypertensive effect of INDERAL has not been established. 
Among the factors that may be involved in contributing to the antihypertensive action are (1) 
decreased cardiac output, (2) inhibition of renin release by the kidneys, and (3) diminution of 
tonic sympathetic nerve outflow from vasomotor centers in the brain. Although total peripheral 
resistance may increase initially, it readjusts to or below the pretreatment level with chronic 
use. Effects on plasma volume appear to be minor and somewhat variable. INDERAL has 
been shown to cause a small increase in serum p ium concentration when used in the 
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may increase oxygen requirements by increasing 

E ressure and systolic ejection period. The net phys 

ÎS usually advantageous and is manifested durin 
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adrenergic receptors have been demonstrated i 
Beta receptor blockade can be useful in co 
functional changes, sympathetic activity is detri 
Situations in which sympathetic stimulation is vital. plé, їп patients everely 
damaged hearts, adequate ventricular function is maintained by virtue of sympathetic drive 
which should be preserved. In the presence of AV block, greater than first degree, beta 
blockade may prevent the necessary facilitating effect of sympathetic activity on conduction. 
Beta blockade results in bronchial constriction by interfering with adrenergic bronchodilator 
activity which should be preserved in patients subject to bronchospasm. 
1 Propranolol is not significantly dialyzable. 
— . A INDICATIONS AND USAGE. Hypertension: INDERAL LA is indicated in the manage- 
. ment of hypertension; it may be used alone or used in combination with other antihypertensive 
— .— agents, particularly a thiazide diuretic. INDERAL LA is not indicated in the management of 
hypertensive emergencies. 
Pectoris Due to Coronary Atherosclerosis: INDERAL LA is indicated 
for the long-term management of patients with angina pectoris. 
Migraine: ІМОЕВА! LA is indicated for the prophylaxis of common migraine headache. 
The efficacy of propranolol in the treatment of a migraine attack that has started has not been 
established and propranolol is not indicated for such use. 
ic Subaortic Stenosis: |NDERAL LA is useful in the management of 
hypertrophic subaortic stenosis, especially for treatment of exertional or other stress-induced 
angina, palpitations, and syncope. INDERAL LA also improves exercise performance. The 
effectiveness of propranolol hydrochloride in this disease appears to be due to a reduction of 
the elevated outflow pressure gradient which is exacerbated by beta-receptor stimulation. 
Clinical improvement may be temporary. 
INDICATIONS. INDERAL is contraindicated in 1) cardiogenic shock; 2) sinus 
bradycardia and greater than first degree block; 3) bronchial asthma; 4) congestive heart 
P coi ie WARNINGS) unless the failure is secondary to a tachyarrhythmia treatable with 
" WARNINGS. CARDIAC FAILURE: Sympathetic stimulation may be а vital component sup- 
rting circulatory function in patients with congestive heart failure, and its inhibition by beta 
— A blockade may precipitate more severe failure. Although beta blockers should be avoided in 
-. Overt congestive heart failure, if necessary, they can be used with close follow-up in patients 
with a history of failure who are well compensated and are receiving digitalis and diuretics. 
Beta-adrenergic blocking agents do not abolish the inotropic action of digitalis on heart 


muscle. 

IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of beta blockers 
| can, in some cases, lead to cardiac failure. Therefore, at the first sign or symptom of heart 
~ failure, the patient should be digitalized and/or treated with diuretics, and the response 
a. observed closely, or INDERAL should be discontinued (gradually, if possible). 


IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
angina and, in some cases, myocardial infarction, following abrupt discontinuance of 
INDERAL therapy. Therefore, when discontinuance of INDERAL is planned the dosage 
should be gradually reduced over at least a few weeks, and the patient should be 
cautioned against interruption or cessation of therapy without the physician's advice. If 
INDERAL therapy is interrupted and exacerbation of angina occurs, it usually is advis- 
able to reinstitute INDERAL therapy and take other measures appropriate for the man- 
agement of unstable angina pectoris. Since coronary artery disease may be 
unrecognized, it may be prudent to follow the above advice in patients considered at risk 
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к: | of having occult atherosclerotic heart disease who are given propranolol for other 
E .. L indications. Ass | 

k^ Nonallergic onm (е.9-, chronic bronchitis, emphysema)— 
Pu PATIENTS WITH BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA 
BLOCKERS. INDERAL should be administered with caution since it may block bronchodila- 
к. E tion produced by endogenous and exogenous catecholamine stimulation of beta receptors. 
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MAJOR SURGERY: The necessity or desirability of withdrawal of beta-blocking therapy 
prior to major surgery is controversial. It should be noted, however, that the impaired ability of 
the heart to respond to reflex adrenergic stimuli may augment the risks of general anesthesia 
and surgical procedures. 

INDERAL (propranolol HCI), like other beta blockers, is a competitive inhibitor of beta- 
receptor agonists and its effects can be reversed by administration of such agents, e.g.. 
dobutamine or isoproterenol. However, such patients may be subject to protracted severe 
hypotension. Difficulty in starting and maintaining the heartbeat has also been reported with 
beta blockers. r 

DIABETES AND HYPOGLYCEMIA: Beta-adrenergic blockade may prevent the ap- 
pearance of certain premonitory signs and symptoms (pulse rate and pressure changes) of 
acute hypoglycemia in labile insulin-dependent diabetes. In these patients, it may be more 
difficult to adjust the dosage of insulin. 

THYROTOXICOSIS: Beta blockade may mask certain clinical signs of hyperthyroidism. 
Therefore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms 
of hyperthyroidism, including thyroid storm. Propranolol does not distort thyroid function tests. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been 
reported in which, after propranolol, the tachycardia was replaced by a severe bradycardia 
requiring a demand pacemaker. In one case this resulted after an initial dose of 5 mg 
propranolol. 

PRECAUTIONS. General: Propranolol should be used with caution in patients with impaired 
hepatic or renal function. INDERAL is not indicated for the treatment of hypertensive 
emergencies. 

Beta adrenoreceptor blockade can cause reduction of intraocular pressure. Patients 
should be told that INDERAL may interfere with the glaucoma screening test. Withdrawal may 
lead to a return of increased intraocular pressure. 

Clinical Laboratory Tests: Elevated blood urea levels in patients with severe heart disease, 
elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase. 

DRUG INTERACTIONS: Patients receiving catecholamine-depleting drugs such as reser- 
pine should be closely observed if INDERAL is administered. The added catecholamine- * 
blocking action may produce an excessive reduction of resting sympathetic nervous activity 
which may result in hypotension, marked bradycardia, vertigo, syncopal attacks, or orthostatic 
hypotension. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term studies in animals have 
been conducted to evaluate toxic effects and carcinogenic potential. In 18-month studies in 
both rats and mice, employing doses up to 150 mg/kg/day, there was no evidence of significant 

indue tewicity Thazamuare ng grelated tumorigenic effects at any of the dosage 
not show any impairment of fertility that was 








NDERAL has been shown to be embryotoxic in 

agthan the maximum recommended human dose. 
WE d studies in pregnant women. INDERAL should 

only if the potential benefit justifies the potential risk to the fetus. 

RAL is excreted in human milk. Caution should be exercised when 

a nursing woman. 
j in children have not been established. 
effects have been mild and transient and have 
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Ў ; arterial insufficiency, usually of the 
ynaud Type. 

Central Nervous System: li dedness; mental depression manifested by insomnia, 
lassitude, weakness, fatigue; le mental depression progressing to catatonia; visual 
disturbances; hallucinations; an acute reversible syndrome characterized by disorientation for 
time and place, short-term memory loss, emotional lability, slightly clouded sensorium, and 
decreased performance on neuropsychometrics. 

Gastrointestinal: nausea, vomiting, epigastric distress, abdominal cramping, diarrhea, | 
constipation, mesenteric arterial thrombosis, ischemic colitis. 

Allergic: pharyngitis and agranulocytosis, erythematous rash, fever combined with aching 
and sore throat, laryngospasm and respiratory distress. 

Respiratory: bronchospasm. 

Hematologic: agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic 
purpura. 

oF iin In extremely rare instances, systemic lupus erythematosus has been 
reported. 

Miscellaneous: alopecia, LE-like reactions, psoriasiform rashes, dry eyes, male impo- 
tence, and Peyronie's disease have been reported rarely. Oculomucocutaneous reactions 
involving the skin, serous membranes and conjunctivae reported for a beta blocker (practolol) 
have not been associated with propranolol. 

DOSAGE AND ADMINISTRATION. INDERAL LA provides propranolol hydrochloride in a 
sustained-release capsule for administration once daily. If patients are switched from INDERAL 
tablets to INDERAL LA capsules, care should be taken to assure that the desired therapeutic 
effect is maintained. INDERAL LA should not be considered a simple mg for mg substitute for 
INDERAL. INDERAL LA has different kinetics and produces lower blood levels. Retitration may 
be necessary especially to maintain effectiveness at the end of the 24-hour dosing interval. 

HYPERTENSION—Dosage must be indiwdualized. The usual initial dosage is 80 mg 
INDERAL LA once daily, whether used alone or added to a diuretic. The dosage may be 
increased to 120 mg once daily or higher until adequate blood-pressure control is achieved. 
The usual maintenance dosage is 120 to 160 mg once daily. In some instances a dosage of 640 
mg may be required. The time needed for full hypertensive response to a given dosage is 
variable and may range from a few days to several weeks. 

ANGINA PECTORIS—Dosage must be individualized. Starting with 80 mg INDERAL LA 
once daily, dosage should be gradually increased at three to seven day intervals until optimum 
response is obtained. Although individual patients may respond at any dosage level, the 
average optimum dosage appears to be 160 mg once daily. In angina pectoris, the value and 
safety of dosage exceeding 320 mg per day have not been established. 

If treatment is to be discontinued, reduce dosage gradually over a period of a few weeks 
(see WARNINGS). 

MIGRAINE — Dosage must be individualized. The initial oral dose is 80 mg INDERAL LA 
once daily. The usual effective dose range is 160-240 mg once daily The dosage may be 
increased gradually to achieve optimum migraine prophylaxis. If a satisfactory response is not 
obtained within four to six weeks after reaching the maximum dose, INDERAL LA therapy 
should be discontinued. It may be advisable to withdraw the drug gradually over a period of - 
several weeks. ' 

HYPERTROPHIC SUBAORTIC STENOSIS—80-160 mg INDERAL LA once daily. 
PEDIATRIC DOSAGE —At this time the data on the use of the drug in this age group are too 
limited to permit adequate directions for use. 

*The appearance of INDERAL LA capsules is a registered trademark of Ayerst Laboratories. 


8833/384 
4 | AYERST LABORATORIES 
Ayerst. New York NY 10017 >. | 


SUDE Еа К А 25 v ч Ri ASA PRX Peste te Taffel - 





ROR 


т 





Asymmetry in Hypertrophic Cardiomyopathy: The Septal to E A 
Free Wall Thickness Ratio Revisited 


BARRY J. MARON, MD 


Hypertrophic cardiomyopathy (HC) is a primary car- 
diac disease with diverse clinical and morphologic ex- 
pressions.1-!? The asymmetric distribution of left ven- 
tricular (LV) hypertrophy has often been cited as a sine 
qua non of the disease,.2:46-9.14-?! although some in- 
vestigators have described patients with HC and a 
symmetric pattern of hypertrophy similar to that 
characteristic of valvular aortic stenosis or systemic 
Һурегіепѕіоп.22-28 Considerable emphasis has been 
placed on the value of the septal to free wall thickness 
ratio (calculated from the M-mode echocardiogram) in 


_ the identification and morphologic characterization of 
“НС, although some uncertainty has also arisen regard- 


ing the precise significance or value of this ratio. Ex- 
tensive experience with 2-dimensional (2-D) echocar- 
diography in HC has, however, provided us with a 
certain measure of clarification of these issues. This 
brief review constitutes a discussion of the septal-free 
wall ratio and its relevance to the clinical diagnosis 
of HC. 


Historical Perspective 


Teare! emphasized the asymmetric distribution of 
LV hypertrophy in his initial morphologic description 
of HC in 1958. Menges et al!4 were the first to apply 
quantitation of ventricular wall thicknesses to the ne- 
cropsy diagnosis of HC; they found that the ratio of 
ventricular septal to free wall thickness separated. pa- 
tients with HC from those with other cardiac diseases 
or normal hearts. In the early 1970s, Abbassi et а]! and 
Henry et al!” used M-mode echocardiography to cal- 
culate noninvasively the septal-free wall thickness ratio 
in patients with the obstructive or nonobstructive forms 
of HC. These studies emphasized that asymmetric hy- 
pertrophy of the (anterior) ventricular septum relative 
to the posterobasal LV free wall was a characteristic 
anatomic feature of HC. Although some uncertainty has 
arisen concerning the most reliable septal-free wall ratio 
“cut-off” for distinguishing patients with HC from other 
patients (1.е., 21.3 or Z1.5),19!7 it is apparent that 
neither of these criteria is absolutely sensitive or specific 
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for HC nor definitively superior as a diagnostic marker 
for this disease.® Es 

M-mode echocardiography continues to be an im- 3 
portant diagnostic test for the identification of HC; | 
however, as described below, the simple ratio of sept al. 
to free wall thicknesses may not accurately express the | M 
complex morphologic characteristics or geometry of the 
overall LV wall in these patients. 

Insights from two-dimensional о ОЙ 
phy: Application of wide-angle 2-D echocardiogram 
to the study of patients with HC has enhanced our 
perceptions of the morphologic appearance of the left — 
ventricle and helped clarify the relevance of the sep- _ 
tal-free wall ratio (calculated from the M-mode echo- — H 
cardiogram). Two-dimensional echocardiography is 
superior in this regard because imaging is not confined E 
to a relatively small segment of the left ventricle (as with | 
M-mode echocardiography), but rather, permits visu- — A 
alization of the extent and distribution of hypertrophy ` 
in most regions of the LV wall (Fig. 1). m. 

Two-dimensional echocardiographic studies pert) К. 
formed in our laboratory over the past 5 years in more Ў 
than 500 patients with HC have shown а substantial - E 
degree of heterogeneity in the distribution of LV hy- - р: E 
pertrophy.78:12.13 In fact, we have identified more than Ж 
70 individual and distinctive patterns of hypertrophy _ 
in this population of patients.!? Distribution of LV Ec 
hypertrophy appears to be asymmetric in most patients, . 
with involvement most often in the anterior and basal’ 
portion of ventricular septum, a region through which - л 
the M-mode beam must pass. Perhaps the most con- - р 
sistent feature of these hearts is that the posterior LV — 
free wall* (the only portion of free wall through which . - 
the M-mode beam passes) is the least frequently hy- 
pertrophied segment (Fig. 2); the posterior free wall 

varies little i in thickness among patients with HC ande 3 























mm in just 6% of patients*). In addition, пурен төй f ү; 
may be quite localized and confined to discrete seg- — | 
ments of the LV wall; in some instances (about 5% of — - 
patients) hypertrophy may even selectively involve . 
portions of the free wall and not the septum.” Some — М 

patients in whom the distribution of hypertrophy is | b. 
widespread may also show a “lumpy” pattern of wall | "* 
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3 FIGURE 1. Artistic representation of morphologic variability in hypertrophic cardiomyopathy, shown here in the short-axis cross-sectional plane 
at mitral valve level. The expected approximate path of the conventional M-mode echo beam (M) through the anterior septum and posterior free 
"n wall is shown in each heart. The M-mode echocardiogram would record identical values for wall thicknesses and septal-free wall ratio (i.e., 2.0) 
in morphologic types |, Il and Ill, although these hearts actually differ considerably with regard to distribution of left ventricular (LV) hypertrophy. 
‘M-mode echocardiography greatly overestimates the magnitude of hypertrophy in type | (which is quite localized) and underestimates the marked 
diffuse increase in LV mass in type III; only in type Il does the M-mode accurately reflect the distribution of LV hypertrophy. In type IV, the M-mode 
. echo beam does not traverse the thickened portions of LV wall in posterior septum and anterolateral free wall (ALFW). AML = anterior mitral leaflet; 
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A or ANT. = anterior; L = left; LVFW = LV free wall; P or POST. = 


и "m 
AA = ventricular septum. 





M-Mode 
Beam 


FIGURE 2. Two-dimensional echocardiogram in the short-axis plane 


at the level of papillary muscles from a patient with hypertrophic car- 


diomyopathy and a substantial increase in left ventricular mass. Hy- 
` pertrophy is marked and diffuse and involves the ventricular septum 


~ (VS) and anterolateral free wall (ALFW). The posterior free wall (arrow, 


i Ess 


_ Post. LVFW) through which the M-mode beam passes is the only seg- 
ment of left ventricle preferentially spared from the hypertrophic pro- 


` cess. Orientation of heart is as in Figure 1. A = anterior; L = lateral; 


E 


_ Р = posterior; В = right. Calibration dots are 1 cm apart. Schematic 
` illustration shows path of conventional M-mode beam. 


= posterior; PML = posterior mitral leaflet; В = right; RV = right ventricle; VS 


thickening, i.e., involving noncontiguous or contiguous 
segments of the wall to different degrees with abrupt 
differences in wall thickness of 5 to 10 mm, not un- 
commonly present in adjacent regions of LV myocar- 
dium. The hypertrophic process rarely involves all 
segments equally in HC; hence, in my experience true 
symmetric LV hypertrophy (which is characteristic of 
valvular aortic stenosis and systemic hypertension) is 
very uncommon in HC.? 

Significance of septal to free wall thickness ratio: 
Our 2-D echocardiographic studies79:121? have shown 
that calculation of septal-free wall ratio from the M- 
mode echocardiogram will afford a generally accurate 
portrayal of overall LV morphology in only about 2096 
of patients with HC. In these patients LV hypertrophy 
usually involves all or most of the ventricular septum 
while the entire LV free wall is normal or only slightly 
thickened (type II in Fig. 1). Hence, the M-mode beam 
preferentially traverses the thickened anterior basal 
portion of the septum and a segment of free wall that is 
representative of overall free wall thickness. 

However, in the remaining 8096 of patients with HC, 
the septal-free wall ratio may be misleading in several 
respects. In some patients hypertrophy is not present 
in the anterior basal septum, the region of the left ven- 
tricle that is most accessible to conventional M-mode 
echocardiography (type IV in Fig. 1). If hypertrophy is 
present only in portions of the left ventricle inaccessible 
to the M-mode echo beam, i.e., posterior segment of the 
septum, anterolateral free wall or the apical half of left 
ventricle, 2-D echocardiography is required to confirm 
the diagnosis of HC." Although in my experience, it is 
uncommon for patients with these “unusual” morpho- 
logic forms of HC to die prematurely, examples of sev- 
eral such hearts have been described at necropsy, pro- 
viding a degree of anatomic validation for the patterns 
of LV hypertrophy observed by 2-D echocardiogra- 
phy.??5:2 In other patients, M-mode echocardiography 
reliably identifies HC, but the assessment of ventricular 
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wall thickness and septal-free wall ratio do not provide 
an accurate estimation of LV mass (Fig. 1). For example, 
when LV hypertrophy is confined to the anterior ven- 
tricular septum, the conventional M-mode echocardi- 
ogram overestimates LV mass, since the M-mode beam 
preferentially traverses the only thickened portion of 
left ventricle (type I in Fig. 1). In other patients with HC 
(about 55% of our population studied with echocardi- 
ography’), the distribution of LV hypertrophy is diffuse, 
involving substantial portions of both septum and an- 
terolateral free wall. In these patients M-mode echo- 
cardiography underestimates LV mass because the 
increase in anterolateral free wall thickness is not de- 
tected by the M-mode beam (type III in Fig. 1). 

Therefore, in patients with HC, 2-D echocardiogra- 
phy has shown us that the conventional M-mode echo 
beam usually traverses the thickest portion of the LV 
wall (the anterior basal septum) and what is generally 
the thinnest segment of the left ventricle (the posterior 
free wall). Hence, the septal-free wall thickness ratio 
is derived by dividing the relatively constant and 
smallest wall thickness value into the greatest wall 
thickness value; this results in a numerical value (i.e., 
ratio) which is likely to be substantial. Therefore, in 
many patients with HC the septal-free wall ratio 
identified by M-mode echocardiography: (1) is abnor- 
mal largely because of the unique path of the M-mode 
beam through the posterior LV free wall, which is usu- 
ally preferentially spared from the hypertrophic pro- 
cess; and (2) when abnormal, primarily expresses the 
degree to which the ventricular septum is thickened. 
This is one of the reasons why, in clinical practice we 
no longer rigorously adhere to the ratio of septal to free 
wall thicknesses as the sole criterion for the morpho- 
logic identification of HC. Instead, the most reliable 
and useful morphologic definition of HC applicable to 
clinical echocardiography appears to be a nondilated, 
asymmetrically hypertrophied left ventricle in a patient 
without another cardiac or systemic disease that could 
produce LV hypertrophy.?? 

Symmetry in hypertrophic cardiomyopathy: Our 
2-D echocardiographic survey of a large population of 
patients with HC has shown true symmetric (or con- 
centric) LV hypertrophy, in which the magnitude of 
wall thickness is similar or identical in all LV segments, 
to be exceedingly rare (prevalence of only 1 to 296)? (Fig. 
3). Furthermore, there is no evidence at this time to 
suggest that those few patients with the symmetric form 
of HC should be viewed differently with regard to the 
natural history of their disease. 

Symmetric LV hypertrophy has been previously re- 
ported in patients with HC utilizing echocardiogra- 

һу19,22,23,25,26 or necropsy examination of the 
heart.?:2426.?7 Most of these reports are of 1 patient or 
a small series of patients, or are based solely on M-mode 
echocardiographic examination of the heart. However, 
many patients with HC who appear to have concentric 
LV hypertrophy on M-mode echocardiogram in reality 
have an asymmetric distribution of LV hypertrophy. 
Two-dimensional echocardiography clarifies the cardiac 
anatomy in such patients by demonstrating that, while 
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those portions of the left ventricle through which the 
M-mode beam passes are indeed of similar thickness, E i 

areas of far greater thickness are present in other regions _ 
of the left ventricle inaccessible to the M-mode beam 
(Fig. 3).8 In a recent 2-D echocardiographic study, _ 
Shapiro and McKenna!! described symmetric LV hy- - 

pertrophy in about 20% of their patients with HC _ 
studied at Hammersmith Hospital (when a septal-free — | 
wall ratio of «1.3 was used as the criterion forsymme- — 
try). The discrepancy between the prevalence of con- и 
centric LV hypertrophy in our patients with HC and — 
those of Shapiro and McKenna! is probably a result of — 
variations in patient selection or to differing philoso- - 





i 
FIGURE 3. Artistic representation of “true” and "false" symmetric — - 
(concentric) left ventricular (LV) hypertrophy in hypertrophic cardio- — - 
myopathy. Hearts are depicted in the same fashion as in Figure 1. Left, —. ; 
true symmetric LV hypertrophy in which each segment of LV wall has * 
a similar or identical thickness and, therefore, the wall thicknesses — 
sampled by the M-mode (M) beam are representative of the overall LV — 
wall. This morphologic form is particularly uncommon in a population 
of patients with hypertrophic cardiomyopathy studied with echocardi- 
ography. Right, left ventricle with true asymmetric hypertrophy although — 
the M-mode echocardiogram creates the misleading appearance of — - 
symmetric (or concentric) hypertrophy. Conventional M-mode echo  . 
beam passes through segments of anterior septum and posterior free 
wall (PW) that are of equal thickness. However, the path of the M-mode 
beam misses the asymmetric areas of marked hypertrophy in the 
posterior ventricular septum. Calibration dots are 1 cm apart. FW — 
free wall. Other abbreviations as in Figure 1. 
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2.5 — Asymmetric 
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С conn = 1.2 = Symmetric 
` FIGURE 4. Schematic drawing of the left ventricle in the short-axis view 


Sj. e milar to that shown in Figure 2. Ventricular septum is demarcated by 
. slanted lines and the free wall by dots. Conventional M-mode echo- 
۳ ca ‘diography compares wall thickness “A” (anterior septum) with “B” 
... (posterior free wall) and thereby identifies the asymmetric distribution 
i _ of hypertrophy (i.e., septal-free wall ratio of 2.5). However, comparing 
. the maximal thickness of the septum (“A”) with the maximal thickness 
. Of the free wall in the anterolateral segment ("C") will yield a normal 


.. Septal-free wall ratio of 1.2, which is misleading and fails to describe 


| the true asymmetry that is present. 
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. phies regarding the methods used to assess LV wall 
thicknesses on the 2-D echocardiogram. 
. Confusion regarding the distinction between the 
_ asymmetric and symmetric forms of HC may also arise 
їп patients with substantial hypertrophy involving all 
segments of the left ventricle except the posterior free 
wall. When such hearts are viewed in the context of the 
| . echocardiographer (with the path of the conventional 
. M-mode beam the frame of reference for wall thickness 
. measurements), increased anterior septal thickness 
- would be compared with normal or mildly increased 
- posterior free wall thickness, and the ratio of the 2 would 
D Бе distinctly abnormal (Fig. 4); hence, the M-mode 
- beam is directed in such a path that it fortuitously 
A identifies the asymmetric pattern of LV hypertrophy. 
` On the other hand, if the heart is viewed from the per- 
_ spective of the gross anatomist, the area of maximal 
. ventricular septal thickness and the area of maximal 
~ free wall thickness would be compared; in such a con- 
| text, this same heart might be construed as showing 
- symmetric LV hypertrophy (Fig. 4). Indeed, if the areas 
- of maximal wall thickening in both the septum and 
` anterolateral free wall were compared, about 20% of 


1 


- patients with HC studied by 2-D echocardiography in 
` my laboratory could also be considered to have “sym- 
— metric" hypertrophy. However, I believe that it is mis- 
- leading to consider such phenotypic expressions of HC 
_ to be “symmetric” because they are so dissimilar to the 
‘uly symmetric wall thickening that is characteristic 
_ of patients with secondary forms of LV hypertrophy 
- such as aortic valvular stenosis or systemic hyperten- 
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Peri-Infarction Block (1950)—Late Potentials (1980): Their i 


Relationship, Significance and Diagnostic Implications 


BENJAMIN J. SCHERLAG, PhD, CHESTERFIELD G. GUNN, MD, 


EDWARD J. BERBARI, PhD, and RALPH LAZZARA, MD 


Peri-Infarction Block 


In 1950, First, Bayley and Bedford! described the 
electrocardiographic pattern that was termed “регі- 
infarction block." The diagnostic criteria included ev- 
idence of myocardial infarction, either nontransmural 
or transmural, surrounded by a region of damage; in the 
limb leads, QRS complexes at least 0.11 second in du- 
ration; and in the precordial leads, notched, broadened 
or slurred R, S or QS waves. In later years, peri-infarc- 
tion block was usually mentioned in the context of in- 
traventricular block due to conduction delay in left 
bundle branch or its arborizations.?-9 As cited by Ros- 
enbaum et al,’ the term peri-infarction block was often 
confused with intraventricular conduction disturbance, 
now known as left anterior hemiblock. The term “ar- 
borization" block, used by Wilson et al, was not ap- 
propriate because it suggested Purkinje network in- 
volvement. The direct unipolar recordings from the 
epicardial surface overlying and adjacent to the infarct 
in a dog heart clearly established the focal myocardial 
basis of the “block” pattern (Fig. 1). These unipolar 
recordings from the epicardium in the peri-infarction 
region also provided evidence that there is “late acti- 
vation" of this region as seen in relation to the electro- 
cardiogram. For the most part, other than its being a 
misconstrued forerunner of the hemiblock concept, the 
idea of peri-infarction block, per se, has lain fallow since 
its inception. 


Late Potentials 


In the late 1960s and early 70s, several investigations 
began to show that delay and fractionation of ventric- 
ular depolarization that extended beyond the QRS 
complex were associated with presumed reentrant ar- 
rhythmias.?-16 These reports described the use of 
proximity electrodes to record fractionated, delayed 
ventricular activation occurring in the area of acute 
myocardial ischemia. Such delayed activation in direct 
recordings, which occurs in a small mass of myocardium, 
was believed to be latent in the conventional electro- 
cardiogram but detectable using high amplification of 
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the body surface leads and signal averaging to reduce _ 
random, background electrical noise. This was docu- Г 
mented in the infarcted dog heart іп 1978!" and was _ 


shown by the clinical application of high-resolution 
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electrocardiography and signal ауегарїпд.!8-?1 Моге _ 


recently there has been more interest in late potentials |. 


recorded in the highly amplified electrocardiogram with 


and without signal averaging.??-?? Several reports have — 
indicated that these low-level potentials at the end of — 
the QRS complex are highly specific in patients with _ 
ventricular tachycardia?9-?! and may identify those at 


risk for sudden death.?? 


Association of Peri-Infarction Block 
and Late Potentials 


This, then, is the background of the 2 observations - 
and their conceptual bases: peri-infarction block | 


(1950)—late potentials (1980). The preceding discus- 
sion, if not unduly biased, clearly hints at a relation 
between the 2 ideas. Indeed, studies in the literature 
firmly connect and establish that peri-infarction block 
and late potentials are part and parcel of the same 
myocardial electropathology. Flowers et al*? found that 





block. Whitened area indicates infarction and stippled area indicates 
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FIGURE 1. Forms of ће QRS interval encountered in peri-infarction + 
a circumferential area of myocardium showing slowed conduction А 
surrounding the infarction. Reproduced by permission from the Amer- : А 
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. scarring in the myocardium, determined on postmortem 
examination, was directly associated with high-fre- 
_ quency notching and slurring in the QRS complex of the 
| antemortem electrocardiogram. Simson et al?! corre- 
lated endocardial electrograms showing fractionated or 
delayed potentials with late potentials recorded by 
signal averaging the highly amplified electrocardiogram. 
- Several fractionated potentials occurred during the 
. major activation of the QRS complex before the ST 
A segment. 
Thus, these findings provide a link between the 
-. widened QRS complex with notching and slurring of the 
. Rwave described by First, Bayley and Bedford! during 
. peri-infarction block and late potentials occurring at the 
_ end of the QRS complex in signal-averaged recordings. 
— Furthermore, such a connection allows some specula- 
- tions about the use of the standard electrocardiogram 
_ to detect myocardial damage due to ischemia that may 
_ not manifest pathologic Q waves. Flowers et al.33 stated 
_ that the “greatest value in notch recognition in diag- 
- nosing and localizing infarction appeared to be in 
_ subjects with normal sized hearts, with none of the 
- classic ECG criteria for infarction.” 
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Implications of the Association of 
Peri-Infarction Block and Late Potentials 


The question arises: Can the findings of notched, 
- slurred К waves and greater than normal QRS durations 
| in the standard electrocardiogram be used as an indi- 
cation of ischemic damage? Such areas of damage may 
B provide the substrate, i.e., delayed activation, upon 
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FIGURE 2. ''J"-wave development during acute myocardial ischemia. 
. Traces from the top are electrocardiographic leads II (L-2) and Vo and 
direct epicardial recordings from the ischemic zone (IZeg) in the area 
Supplied by the left anterior descending coronary artery (LAD) another 
F composite electrode was placed in a normal zone (NZeg) overlying the 
_ myocardium supplied by the left circumflex artery. The upper panels 
_ Show the progression of electrocardiographic and electrogram changes 
- from the control state (left) and 15 minutes (middle) and 60 minutes after 
_ LAD ligation (right). In the lower panel, at a faster paper speed, the end 
- of the J wave (arrow) coincides with the end of the fractionated delayed 
. potential (dashed vertical line) recorded from the area overlying the 
_ ischemic zone. 
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which further ischemia, ventricular premature beats or 
other triggers can provoke reentrant ventricular 
tachycardia with the potential for sudden death. Such 
a postulate finds support from the data collected in the 
Framingham study. Kannel and Thomas* found that, 
"In persons with a poor cardiovascular profile [with 
coronary heart disease] ... there is no evidence of a 
disproportionate fraction of sudden deaths... except 
possibly for those with intraventricular block." Another 
potent risk factor in regard to sudden death was the 
appearance of left ventricular hypertrophy as diagnosed 
from the electrocardiogram. Recent studies have sug- 
gested that ventricular hypertrophy provides the basis 
for perfusion abnormalities, thus predisposing to 
myocardial ischemia.?? 

Another question may also be addressed: Could 
chronic long-term ischemia without scarring or with 
minimal scarring cause areas of delayed depolarization, 
i.e., late potentials in the myocardium? That delayed 
potentials can occur in ischemia without infarction9-16 
as well as with infarction!7.183638 is well established 
experimentally. Figure 2 shows electrocardiographic 
(leads П and V2) and electrographic traces (composite 
electrode recordings from anterior and posterior left 
ventricular epicardium) in a normal dog heart during 
occlusion of the left anterior descending coronary artery 
(LAD). In panel A, prior to LAD ligation both composite 
electrograms show high-amplitude, rapid deflections 
within the temporal confines of the QRS complex. In 
panel B, 15 minutes after LAD occlusion, the prominent 
ST elevation in lead У» is associated with some frac- 
tionation and longer duration of the anterior wall elec- 
trogram (area supplied by LAD). In panel C, 45 to 60 
minutes after LAD ligation, the ST elevation has re- 
solved, but a slurred, hump-like terminal portion of the 
QRS (“J wave") is prominent in lead У». The marked 
fractionation and delay of the ischemic zone composite 
electrogram is temporally coincident with the J wave 
in lead У» (see lower panel at faster speed). 





„current of injury 


FIGURE 3. Electrocardiographic pattern resulting from hypothermia. 
Note the occurrence of the “J” wave described by Osborn as a “current 
of injury.” Reproduced by permission from the American Physiological 
Society, Osborn.39 
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It is meaningful that such J waves have been fre- 
quently observed in animals and patients subjected to 
severe hypothermia.?9?49 In the hypothermic dog, Os- 
borne made particular note of the electrocardiographic 
changes, specifically, the development of the “J wave,” 
which Osborn called a current of injury (Fig. 3).* Fur- 
thermore, he “found this current of injury, with only one 
exception, in every animal who later fibrillated." 
Schwab et al,4? in 1964, discussed the mechanism of the 
J wave of hypothermia found in animals and patients. 
They presented arguments alternately favoring the 
hypothesis that the J wave was caused by “late depo- 
larization: or early repolarization." It remains to be 
determined whether the J wave produced by hypo- 
thermia is associated with localized conduction delay 
in the myocardium and if those waves are similar to 
those seen in myocardial ischemia and infarction. 
However, the important functional similarities can not 
be underestimated: Specifically, in both conditions 
myocardial conduction is markedly depressed, and this 
is commonly associated with a lethal result, i.e., ven- 
tricular fibrillation presumably due to a reentrant 
mechanism? !638 

The connection between the electrocardiographic 
patterns of peri-infarction block and late potentials 
serve as a point of departure for new studies to deter- 
mine those at risk for sudden death particularly in 
subjects in the coronary prone category i.e., men 45 to 
65 years old. The serial electrocardiographic study at 
rest by regular and high-resolution electrocardiography 
of those with intraventricular conduction defects and 
left ventricular hypertrophy (“preinfarction block" or 
“ischemic block?) may provide an important first step 
in the early identification of such a subset of the popu- 
lation. Preliminary studies along these lines have been 
reported.4! This subset of patients may consist of those 
with well developed but latent coronary artery disease 
who are otherwise asymptomatic or those who have had 
*silent" infarction. 
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. Percutaneous Transluminal Coronary 

SE Angioplasty in Acute 

Myocardial Infarction Without 
Prior Thrombolytic Therapy 


R. SRIRAM, MD 
G. MARTIN MULLEN, MD 
ALBERTO FOSCHI, MD 
J.P. BICOFF, MD 


In most patients transmural acute myocardial infarction 
_ (AMI) is caused by acute coronary artery occlusion 

consisting of an atherosclerotic plaque with superim- 
. posed thrombus.! One of the most notable of the recent 
_ therapeutic advances for AMI is the use of intracoro- 
_ nary streptokinase, which results in restoration of cor- 
_ onary flow in 64 to 85% of patients.?? Disadvantages of 
_ this technique include both subsequent hemostatic 
problems and frequently severe residual stenosis that 
_ may jeopardize any expected wall motion improve- 
| ment.‘ Percutaneous transluminal coronary angioplasty 
_ (PTCA) has recently been used immediately after 
| successful coronary thrombolysis to dilate severe re- 
_ sidual stenoses. Some investigators feel that such an 
approach leads to greater wall motion recovery and 
lessens the risks of reocclusion.*^ Even more recently, 
| PTCA has been proposed as the initial therapy in AMI 
- because it avoids hemostatic problems and long infusion 
times involved with thrombolytic therapy.9 We report 
| our experience with PTCA without prior thrombolytic 
- therapy in the management of patients with AMI as an 
- alternative to thrombolytic therapy. 
i 






_ Eight patients had emergency cardiac catheterization 
early in the course of evolving AMI. It was usually performed 
vithin 1 hour of presentation (mean 3.1 hours after onset of 
chest pain). All patients had persistent chest pain despite 
E nitrates and intravenous morphine administra- 

‘ion. Their ages ranged from 37 to 66 years. The AMI was 





anterior in 5 and inferior in 3. No patient was in cardiogenic 
- shock although 2 were in severe congestive heart failure and 
required intraaortic balloon pump support. All initial elec- 
_trocardiograms showed acute injury currents with reciprocal 
depressions. Subsequent determinations of levels of myo- 
шш fraction of creatine kinase showed elevations in all 
patients. Before catheterization all patients received in- 
ravenous lidocaine, morphine and heparin, sublingual ni- 
_troglycerine and nasal oxygen. 

- Using the Judkins technique, we performed selective 
coronary angiography of the noninfarct artery followed by 
` From the Section of Cardiology, Galvin Heart Center, Saint Francis 
Hospital, 355 Ridge Avenue, Evanston, Illinois 60202. Manuscript re- 
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angiography of the infarct artery. Left ventriculography was 
not performed. Intracoronary nitroglycerine (300 ug) was 
administered into the infarct artery in all patients but had 
no appreciable effect. The infarct artery was then subselec- 
tively cannulated with an 0.016 inch steerable PTCA 
guidewire and the thrombus was gently probed. The guide- 
wire usually passed beyond the thrombus without much 
difficulty. Distal angiography was performed to document 
the intraluminal location of the wire. After this the PTCA 
balloon catheter was advanced to the area of occlusion and 
then several inflations of long duration (45 to 60 seconds) and 
low pressure (2 to 4 atmospheres) were performed. After 
PTCA, all patients were transferred to the coronary care unit 
where they received continuous intravenous heparin, lido- 
caine and nitroglycerine for the following 24 hours. Aspirin 
and dipyridamole were started the next day. 


Of the 8 patients treated in this manner, 6 were found 
to have total and 2 subtotal occlusion of the infarct ar- 
tery before PTCA. PTCA was successful in angio- 
graphically recanalizing the infarct artery in 7 of 8 pa- 
tients (5 of 6 total occlusions and both subtotal 
occlusions). All patients in whom PTCA was successful 
had prompt relief of chest pain, improvement of hy- 
peracute electrocardiographic changes and stabilization 
of the clinical course. One of these patients developed 
severe coronary spasm at the site of PTCA, which did 
not respond to intracoronary nitroglycerine but was 
resolved with subsequent prolonged balloon dilatations. 
The patient in whom PTCA was not successful had an 
initial apparently successful result after the procedure 
but developed reocclusion 10 minutes later. Further 
attempts at opening this artery were unsuccessful. The 
2 patients who were in severe congestive heart failure 
had percutaneous intraaortic balloon pumps inserted 
in the opposite femoral area during the procedure and 
this did not interfere with the PTCA technique. All 
patients who underwent successful PTCA had subse- 
quent stable clinical courses and none developed 
symptoms or signs of reocclusion. The 1 patient whose 
right coronary artery reoccluded after PTCA had sin- 
gle-vessel disease and was managed medically. He did 
well after some initial difficulty. There were no deaths 
and no bleeding complications in these 8 patients. 
Mean residual diameter stenosis as measured in at 
least 2 views averaged about 30% after successful 
PTCA. 

Most patients who have had successful thrombolysis 
of an infarct artery in AMI have a residual tight steno- 
sis.?-? Reocclusion may occur in up to one-third of these 
patients despite full anticoagulation with heparin. For 
this reason coronary bypass surgery has been recom- 
mended after clot lysis to prevent reinfarction.? Hartzler 
et al? have reported that P'TCA is a safe alternative to 
bypass surgery after thrombolysis. They have also re- 
ported on 12 AMI patients who underwent PTCA 
without prior thrombolytic therapy. Four of these 12 
patients had total and 8 had subtotal occlusion of the 


м Ji 
/ | i Ue BEA Musee d£ 14v 
LLORAR ES > RS 2 Oth лл Ps хәр Paes a 


A TA 
ГЕ; 


3 = LI “ч E = x > = ns = TX i "ш К 
TIU sp rs ay Leo gus Mm T "AE ; ID ORR еы ee NT CL RES NADE U) See ас 
ES eee ee ee ee ee FT eh eS FERT S 
Р Mera: A^ у PR E a Se Ste ANI SY у. NOSTER WA on | AV up 5 ALE T" | as 
: { Ben at жыз TA Nut iust dE e ^ {ч | 
£ * P P. 4 ©” ته‎ e ні - s i ; H е ‘ ^ 


> autos SRN a sees, 5 






infarct artery. PTCA was successful in 11 of the 12. Our 
experience with PTCA in this setting is similar in terms 
of the good success in recanalizing the infarct artery (7 
of our 8 patients). The greater number of total occlu- 
sions (6) in our series probably reflects our electrocar- 
diogram entry criterion of transmural injury (ST ele- 
vations) with reciprocal depressions. We were impressed 
that PTCA could recanalize infarct arteries quickly; 
with an experienced team it averaged about 20 minutes 
from the time of the initial arterial puncture. Another 
advantage of this technique, which has great potential 
importance, is its avoidance of the hemostatic problems 
inherent to thrombolytic therapy. Although not done 
in these 8 patients, urgent bypass surgery could have 
been performed without concern for a treatment-in- 
duced bleeding diathesis. 


Acute Pericarditis After 
Percutaneous Transluminal 
Coronary Angioplasty 


JOHN D. SLACK, MD 
CASS A. PINKERTON, MD 
WILLIAM K. NASSER, MD 


Acute complications of percutaneous transluminal 
coronary angioplasty (PTCA) include death, coronary 
artery disruption, cerebrovascular accident, arrhythmia, 
vascular access complications (hematoma, bleeding, 
etc.) and chest pain with or without electrocardio- 
graphic or enzyme changes, or both, consistent with 
acute myocardial infarction (АМІ).!? We note a pre- 
viously unreported complication, namely acute peri- 
carditis, which occurred in 5 of 981 patients who un- 
derwent P'TCA between September 1980 and July 1984 
(Table I). Chest discomfort atypical for angina pectoris, 
and associated with low grade fever, pericardial friction 
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1984. steroidal antiinflammatory agents. It can also help to _ 
TABLE | Acute Pericarditis After Percutaneous Transluminal Coronary Angioplasty (PTCA) us 
Temporary Dissection Onset | Is 
Date PTCA Pacer at PTCA Pain ECG 25 
Pt. Age Sex РТСА Site(s) Insert Site (hours) Change Rub Fever  CK/MB Restudy — 
1 62 M 2-25-81 ВСА graft 0 + 8 0 + + 0 т.201 59 
(distal ze 
anastomosis) 
2 64 M 8-15-83 ВСА + + 48 +(STt) + + 0 SCA: 19m 
3 71 M 8-26-83 ССА 0 t 1 0 i + 0 TI-201 
4 68 M 2-8-84 RCA 0 + 6 0 + + 0 0 D 
5 56 Е 2-23-84 Diag., LCCA 0 + 4 + (TI) + + 0 SCA: 


1 = elevation; | = inversion; Diag. = diagonal branch blood vessel; LCCA = left circumflex coronary artery; RCA = right coronary artery: SCA 
= selective coronary arteriography; TI-201 = thallium-201 myocardial perfusion image/stress test. aie. 
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transluminal coronary angioplasty immediately after intracoronary streptolysis — 
of transmural myocardial infarction. Circulation 1982;,66:905-913. = == -— 
6. Hartzler GO, Rutherford BD, McConahy DR, Johnson WL, McAllister BD, — 
Gura GM, Conn RC, Crockett JE. Percutaneous transluminal coronary an- — - 
gioplasty with and without thrombolytic therapy for treatment of acute . V 
myocardial infarction. Am Heart J 1983;106:965-973. © ES 
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rub on auscultation, characteristic electrocardiographic EN. 
changes, or some combination of these, should suggest  : 
this diagnosis. Careful, frequent auscultation is required — 
to confirm the diagnosis of pericarditis.? AMI can cause  - 
similar abnormalities, which makes serial 12-lead M 
electrocardiographic analysis, serum enzyme studies 
and nuclear imaging important in differential diagno- — 
sis.34 Each of the 5 episodes of post-PTCA pericarditis | 
we have recognized has occurred in the setting of coro- 
nary artery dissection at the site of PTCA. Coronary _ 
artery dissection may result in epicardial-pericardial 
hematoma formation with subsequent localized sec- 
ondary pericarditis. Such regional pericarditis may not P. 
often result in the classic electrocardiographic changes — 
of diffuse ST-segment elevation, as recorded in only 1 E 
of our patients.? bu 

It is unlikely that acute pericarditis resulted from the a. | 
catheterization procedure itself. Unrecognized perfo- _ 
ration of the right ventricle with a right-sided cardiac VR 
catheter or temporary pacing wire could cause a similar  - 
clinical presentation, but such a catheter was used in ~ 
only 1 of our 5 patients. Pyrogen reaction may cause _ 
fever but generally does not include chest pain or peri- 4 
cardial friction rub. E 

Prompt recognition of pericarditis after PTCA in the - : 
patient who has chest discomfort soon after the proce- _ 
dure facilitates appropriate intervention with non- — 
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d avoid possibly unnecessary invasive procedures directed 
bc at ensuring patency at the PTCA site. 

br Acknowledgment: We are grateful to Jean Crank for ex- 
a . pert manuscript preparation. 
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^ Myocardial Ischemia During 

- Intravenous Nicardipine Administration 
E CHARLES R. LAMBERT, MD, PhD 
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. Nicardipine is a new dihydropyridine calcium antago- 

nist similar in chemical structure to nifedipine. Nicar- 
. dipine is a potent coronary and systemic vasodilator 
that, when administered intravenously, evokes reflex 
_ tachycardia, increased myocardial contractile state and 
. increased myocardial oxygen consumption in man.! 
. In this report, we describe a patient who had angina 
. pectoris and objective evidence for myocardial ischemia 
at rest during intravenous nicardipine administration. 
Coronary and systemic hemodynamics, indexes of left 
ventricular (LV) systolic and diastolic function and 
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| FIGURE 1. Lead 2 of electrocardiogram (ECG), aortic pressure (AoP) 
_ and high-gain left ventricular pressure (LVP) before and during nicar- 
_ dipine-associated angina (pressures in mm Hg). 
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myocardial oxygen consumption were recorded before 
and during nicardipine-associated angina. 


A 68-year-old man with a several year history of stable 
class III (New York Heart Association) angina was referred 
for cardiac catheterization. Informed consent was obtained 
to evaluate the hemodynamic effects of nicardipine, and no 
antianginal medications were given for 48 hours before 
catheterization. LV and aortic pressures were recorded with 
an 8Fr Millar multisensor catheter. Great cardiac vein 
(GCV) and coronary sinus (CS) blood flows were determined 
using a 7Fr thermodilution catheter, which was also used to 
sample CS blood. Cardiac output was determined by dye 
dilution and oxygen saturation was determined using stan- 
dard polarographic techniques. Myocardial Oxygen con- 
sumption was calculated as (arterial — CS oxygen content) 
X 1.34 X CS blood flow. The time constant (Т) for LV iso- 
volumic relaxation was determined by linear regression 
analysis of LV dP/dt vs LV pressure relation. All data were 
recorded on analog tape (Hewlett Packard 3968A). 

After all catheters were in place and baseline measure- 
ments were stable (3595), control recordings were made. 
Nicardipine was then administered intravenously as a 2 mg 
bolus given over 1 minute followed by an infusion of 50 
ug/min. Nicardipine was supplied by Syntex Research as 
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FIGURE 2. Selected measurements and derived variables expressed 
as percentage change from control during nicardipine-associated an- 
gina. CSF flow = coronary sinus blood flow; DP = double product (heart 
rate X systolic pressure); dP/dt max = maximum value of first derivative 
of left ventricular pressure; dP/dt min = minimum value of first deriv- 
ative of left ventricular pressure; GCV flow = great cardiac vein blood 
flow; MVO2 = myocardial oxygen consumption; R anterior = anterior 
region (great cardiac vein) coronary resistance; R total = total (coronary 
sinus) coronary resistance; T = time constant of isovolumic left ven- 
tricular pressure fall. 
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TABLE! Hemodynamic and Metabolic Measurements 
Before and During Angina 








Control Nicardipine/Angina 
Heart rate 72 88 
AoP (s/d/m) 175/80/120 155/70/105 
LVP 175/14 155/20 
CO 5.4 2,5 
CS flow 83 209 
GCV flow 51 81 
IRF 32 128 
R total 1.45 0.50 
R anterior 2.35 1.30 
R inferior 3.75 0.82 
MVO»o 10.8 26.4 
dP/dt maximum 1147 2049 
dP/dt minimum —1413 — 1968 
T (msec) 53 61 


AoP (s/d/m) — aortic pressure (mm Hg) systolic/diastolic/mean; L VP 
= left ventricular pressure; CO = cardiac output (liter/min); IRF = in- 
ferior region flow; R inferior — inferior coronary resistance; other ab- 
breviations as in Figure 2. 


hydrochloride salt and was mixed in glass bottles of normal 
saline solution. Planned infusion time was 15 minutes; 
however, 5.2 minutes after initiation of nicardipine admin- 
istration, angina developed. Hemodynamic measurements 
were repeated and the infusion was discontinued. Within 2.5 
minutes after the onset of angina, the patient’s symptoms 
completely resolved without other intervention. Coronary 
and LV angiography were then performed. No sequelae re- 
sulted from the investigation. 

Angiographic findings included 60% (diameter reduction) 
left main coronary artery stenosis, 70% proximal left ante- 
rior descending coronary artery stenosis, distal left anterior 
descending coronary artery occlusion with collateral filling 
from the right coronary artery, 80% left circumflex coronary 
artery stenosis, 80% right coronary artery stenosis and 
normal LV wall motion. 

As illustrated in Figure 1, with angina, ST-segment de- 
pression and increased LV end-diastolic pressure were as- 
sociated with a nicardipine-induced decrease in arterial 
blood pressure and reflex tachycardia. Hemodynamic mea- 
surements before and during angina are listed in Table I and 
selected parameters are given as percent change from control 
in Figure 2. Increases were seen in the double product (heart 
rate X systolic pressure, 8%), myocardial oxygen con- 
sumption (144%), CS flow (152%) and dP/dt max (79% ), 
while isovolumic relaxation was impaired during angina as 
T increased 15%. Although CS flow and myocardial oxygen 
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consumption increased proportionately, anterior regional. Д 
flow (GCV) increased only 59% during nicardipine admin- ag 
istration, while inferior region flow (CS-GCV) increased Я 2? 
300%. Thus, assuming (with normal wall motion) that the E 
144% increase in myocardial oxygen consumption was uni- — — 
formly distributed, a condition of relative anterior regional — — 
ischemia was created during nicardipine administration. —.— 
Because this region is collateral-dependent, these data _ ? 
suggest that collateral flow failed to augment in proportion 
to the higher oxygen demand produced by increases in the — 
double product and myocardial contractile state during ni- A 
cardipine administration. The mechanism for the latter may _ 
not only be due to increased reflex sympathetic tone, but also — 
to the cyclic АМР phosphodiesterase inhibitory property of — 
nicardipine.? З 

We describe a patient with severe coronary artery _ 
disease in whom intravenous administration of nicar- | 
dipine provoked myocardial ischemia at rest. The _ 
mechanism in this patient involved production of 
an area of ischemia (anterior) because of failure of col- 
lateral flow to augment in proportion to metabolic  . 
demand. T 

Precipitation of angina has also been reported with 
administration of nifedipine and was believed to be . 
secondary to a reflex increase in sympathetic tone.? The . 
increased heart rate seen with intravenous adminis- | 
tration of nicardipine is not seen with long-term oral - 
administration owing to resetting of the baroreceptor _ 
mechanism.‘ In addition, concurrent therapy with | 
a 6-adrenergic blocking agent can prevent the reflex - 
increase in determinants of myocardial oxygen 
consumption seen with parenteral nicardipine а 


administration. 
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Safe, successful coronary angioplasty requires high- 
quality fluoroscopic visualization of the coronary arte- 
ries during the procedure. However, fluoroscopy, as  . 
opposed to angiography, and use of diluted contrast 2 
often impairs precise visualization of the position of the : 
balloon dilatation catheter in the coronary arteries. In 

subtotally or totally occluded arteries, there is little or · 
no anterograde contrast flow beyond the stenosis. The | 
distal vessel is usually better visualized as it fills in 
retrograde fashion from collateral vessels. We discuss — 
a patient in whom right coronary angiography wasin- - 
valuable in aiding positioning of the dilatation catheter 
during angioplasty of a subtotally occluded left anterior | 
descending artery (LAD). E 
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FIGURE 1. Left coronary angiogram (4.5-inch image intensification) 
performed in the anterior projection with 50:50 contrast dilution injected 
through guide catheter. The steerable wire and balloon dilatation 
catheter are easily seen, but no contrast can be seen in mid- or distal 
segments of the left anterior descending artery. 


A 58-year-old man had gradually progressive exertional 
angina for 3 years and a positive exercise electrocardiogram. 
Coronary angiography showed a >90% diameter narrowing 
of the LAD just after the origin of a large first diagonal 
branch. There was marked delay in anterograde contrast flow 
and limited visualization of the distal LAD because of con- 
trast “washout” by collateral blood flow from the right cor- 
onary artery. During right coronary angiography there was 
prompt retrograde filling of the LAD to the site of the ste- 
nosis through a large epicardial collateral vessel. 

LAD angioplasty was performed from the right femoral 
artery using a no. 8 FLAG guide catheter (USCI), a 3.0 to 25 
mm type S balloon dilatation catheter (USCI) and a 0.014 
inch “J”’-tipped flexible steerable wire (USCI). During at- 
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FIGURE 2. Left coronary angiograms (4.5-inch image intensification) 
performed with 50:50 contrast dilution injection through balloon dila- 
tation catheter. Only a short segment of artery distal to the steerable 
wire can be seen. In retrospect, it was recognized that the wire was first 
in a septal perforating branch (left, arrow) and later in the main lumen 
of the left anterior descending artery (right, arrow). 


tempted positioning of the wire and balloon dilatation 
catheter, we experienced difficulty visualizing the mid and 
distal LAD segment with contrast injections (50:50 mixture 
of physiologic saline solution and Renograffin 769) through 
either the guide or balloon catheter. After the steerable wire 
was advanced across the stenosis, no further anterograde 
contrast flow in the mid and distal LAD was seen (Fig. 1). 
With contrast injections through the balloon dilatation 
catheter (Fig. 2) only a short length of artery could be seen 
because of competitive collateral flow. The steerable wire was 
easily advanced into several arterial segments but, as a result 
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FIGURE 3. Right coronary angiograms (6-inch image intensification) using full-strength contrast demonstrating "continuity"' of the right coronary 
artery and left anterior descending artery through a large epicardial collateral vessel. Guidewire was first seen in a septal perforating branch (left, 
arrow) and later properly positioned in the main lumen of the left anterior descending artery (right, arrow). 
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| ; ne poor. UE of a large er ү distal LAD, 
` there was uncertainty about whether the wire was in the 
. main lumen of the LAD or perhaps in a small septal perfo- 
` rating or diagonal branch. Because of this concern, we were 
reluctant to advance the balloon dilatation catheter any 
farther. At this point we inserted a right Judkins catheter 
through the left femoral artery and right coronary angiog- 
raphy was performed. This resulted in excellent opacifica- 
tion of the mid and distal segments of the LAD and the 
steerable wire was noted to be in a septal perforating branch 
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(Fig. 3, left). The s ioned into the 
main LAD lumen Qu 3, ve and the naa dilatati ion 
catheter advanced. We then completed LAD ангури 1 
without further difficulty. ihe | 


This patient demonstrates a technical difficulty that a 
may occur during angioplasty of severely stenosed . аш 
teries. In such situations angiography of the contralat- Y | 
eral coronary artery, to visualize collateral filling is һе 196 
artery undergoing angioplasty, may be useful. Dh T 





Cocaine-Induced Angina Pectoris and 
Acute Myocardial Infarction in Patients 
Younger Than 40 Years 


PETER F. PASTERNACK, MD 
STEPHEN B. COLVIN, MD 
| F. GREGORY BAUMANN, PhD 


Cocaine has profound effects on the cardiovascular 
system. Although small doses may slow the heart rate 
by central vagal stimulation, larger doses result in an 
increased heart rate from stimulation of the central and 
peripheral sympathetic nervous system. Cocaine can 
also result in a significant increase in blood pressure 
through sympathetically mediated tachycardia and 
vasoconstriction. An extremely high dose can produce 
a direct toxic action on the heart muscle, resulting in 
cardiac failure and immediate death.” This report 
describes 3 patients in their 30s who were referred for 
coronary angiography after having angina pectoris or 
acute myocardial infarction (AMI), or both, coincident 
with an increase in frequency of cocaine use. 


All 3 patients had been sporadic users of cocaine and all 
had increased their abuse in the month before the AMI. Two 
patients (1 and 2, Table I) were hospitalized with AMI 
documented by electrocardiographic changes and elevation 
of the serum creatine kinase-MB isoenzyme level. Both pa- 
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tients presented with episodes of chest pain that were 34 is i2 
3 hours long and initiated by intranasal administration of 
cocaine. The third patient had brief episodes of chest pain — м 
lasting 3 to 5 minutes at rest while using cocaine on multiple _ 
occasions. He then had a 2-hour episode of substernal chest 
pain on 1 occasion while using cocaine. He saw his physician E 

2 weeks after the prolonged episode of chest pain. An elec- D 
trocardiogram then revealed a new AMI. The presence of | 9 
coronary artery disease and ventricular dysfunction was _ 
documented by left ventriculography and coronary angiog- E 
raphy in all 3 patients. One patient underwent uneventful — . 
triple coronary artery bypass grafting 6 weeks after AMI. All E 
3 patients had histories of cigarette smoking for a minimum d i : 
of 15 years. No patient had such other risk factors for coro- — 
nary artery disease as systemic hypertension, diabetes P , 
mellitus, elevated serum lipids or family history of coronary 
artery disease. 


These patients suggest that there is a clear relation Е 
between increased cocaine abuse and onset of angi 
and occurrence of AMI in 3 otherwise asymptomatic А ; 
men in their 30s with coronary artery disease docu- 
mented by coronary angiography. The onset of angina 
and AMI may well have been induced by pronounced 
sympathetic overstimulation with systemic hyperten- Sa 
sion and tachycardia induced by cocaine. These he- МЧ 
modynamic changes can increase myocardial oxygen 3 
consumption and result in myocardial ischemia and _ 
necrosis. It is also conceivable that cocaine could have 
exerted a direct vasoconstrictor effect, which may have — 
resulted in coronary artery spasm in a tightly stenotic — 
artery, producing angina and AMI in some patients. - a 
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TABLE! Clinical Data in The 3 Men With Acute Myocardial Infarction M 
Coronary Mu | 
Arteries Uo 
Left Severely Narrowed Coronary Cigarette - b^ 
Angina Ventriculo- Bypass Smoking CY 
Age Pectoris ECG graphy LAD LC Right Grafting (packs dil b 
r 1 35 0 QSV1-V4 Diffuse hypokinesia + + + + c 
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Manuscripts are received with the understanding that they are submitted 
solely to THE AMERICAN JOURNAL OF CARDIOLOGY, that upon sub- 


mission, they become the property of the Publisher, that the work has 


not been previously published, and that the data in the manuscript have 
been reviewed by all authors, who agree with the analysis of the data 
and the conclusions reached in the manuscript. The Publisher reserves 


~ copyright and renewal on all published material, and such material may 


not be reproduced without the written permission of the Publisher. 
Statements in articles are the responsibility of the authors. 


ADDRESS MANUSCRIPTS TO: William C. Roberts, MD, Editor-in- 


` Chief, THE AMERICAN JOURNAL OF CARDIOLOGY, 7960 Old Georgetown 
` Road, Suite 2C, Bethesda, Maryland 20814. The covering letter should 


state precisely and concisely the significance and uniqueness of the 


- work in the authors’ view. The authors might delineate the extent of any 
_ concessions they are readily prepared to make (for example, the 
_ elimination of 1 or more figures or tables or a portion of the text) to in- 


crease the likelihood of publication of their work in the Journal. Several 


3 ` names and addresses should be provided of nonlocal experts who, in 
. the authors’ view, could provide objective and informed reviews of their 
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work. The names of investigators considered unlikely by the authors 
to give nonbiased reviews of their work may also be submitted. 
Submit 3 copies (1 original and 2 xerographic copies) of the entire 
manuscript, including text, references, figures, legends, and tables. 
Study recent past issues of the Journal for format. Arrange the paper 
as follows: (1) title page, which should include the title, the full names 
and academic degrees of the authors, and the institution and city and 
state or city and country from which the work originated; (2) second title 
page, with only the title of the article; (3) miniabstract for Table of 


- Contents that includes the full title and names of all authors; (4) abstract; 
` (5) text; (6) references; (7) acknowledgment; (8) figure legends; and (9) 
` tables. Number all pages in the above sequence, beginning with the 


title page as 1, the abstract as 2, and so on. (Leave the second title page 


and the miniabstract unnumbered.) Type on 22 X 28 cm (8.5 X 11 inch) 
. paper, only on 1 side of each sheet, double-spaced (including refer- 
ences), with at least 25-mm (1-inch) margins. 


The second title page, on which the names and institution of the 


` authors are omitted, gives the Editor-in-Chief the option of acquiring 
blinded or nonblinded reviews. References to the institution in the text 


or to the author's previous work in the Reference section must be de- 


` leted or written in a manner that prevents identification of the authors 


and the institution. Label figures with the manuscript title rather than 
the authors' names so that blinded reviews can be solicited. The authors 


- should state which type of review they wish in the covering letter; this 
request is always honored. 


TITLE PAGE, TABLE OF CONTENTS ABSTRACT AND MINIAB- 


_ STRACT: For the complete title page, include the full first or middle 


and last names of all authors. Provide a short running title of 3 to 6 
words. List the institution and address from which the work originated, 
and provide information about grant support if necessary. Add at the 
bottom the phrase, ''Address for reprints:'' followed by full name and 
address with zip code. . 

Limit the abstract to 250 words and the Table of Contents miniab- 
stract to 150 words. List 2 to 6 key words for subject indexing at the 


end of the abstract. 


STYLE: Use appropriate subheadings throughout the body of the tex, 


$ such as the Methods, Results and Discussion. Abbreviations are per- 
_ mitted, but по more than 4 per manuscript, and then they must be used 


on every page of the manuscript after they are initially spelled out 


` (followed by the abbreviation) in both abstract and introduction. Use 
` generic names of drugs. Do not spell out any number, including those 
— less than 10, except when used for opening a sentence, but try not to 
` begin sentences with numbers. Use symbols for less than (<), greater 
than (>) and percent (96). Indent for paragraphs except the first one 


in both abstract and introduction. Consult the Uniform Requirements 


а . for Manuscripts Submitted to Biomedical journals, published in The 
= Annals of Internal Medicine June 1982;96:766-771, and also the 
— Stylebook! Editorial Manual of the American Medical Association for 
^. current usage. 
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REFERENCES: List all authors, year, volume and inclusive pages 
for all journal references, and specific page numbers for all book ref- 
erences as shown below. Avoid referencing abstracts, but if they are 
used, indicate them as such by the abbreviation (abstr) after the title. 
Do not use periods after authors' initials or after abbreviations for titles 
of journals. Check /ndex Medicus or Annals of Internal Medicine (June 
1982) as cited above for journal titles and abbreviations. Personal 
communications, unpublished observations, and manuscripts submitted 
but not yet accepted for publication do not constitute references. 


Journal: Harvey W, Heberden W, Withering W, Stokes W, Mur- 
rell W, Einthoven W, Osler W. Anomalies and curiosities of 
cardiology and of cardiologists. Reflections of famous medical 
Williams. Am J Cardiol 1984;53:900-915. 


Chapter in Book: Cabot RC, White PD, Taussig HB, Levine SA, 
Wood P, Friedberg CK, Nadas AS, Hurst JW, Braunwald E. 
How to write cardiologic textbooks. In: Hope JA, ed. A Treatise 
on Disease of the Heart and Great Vessels. London: Yorke 
Medical Books, 1984;175-200. 


Book: Carrel A, Cutler EC, Gross RE, Blalock A, Craffoord C, 
Brock RC, Bailey CP, DeBakey ME. The Closing of Holes, Re- 
placing of Valves and Inserting of Pipes, or How Cardiovascu- 
lar Surgeons Deal with Knives, Knaves and Knots. New York: 
Yorke University Press, 1984:903. 


FIGURES: Submit 3 glossy, unmounted prints of each photograph 
and drawing. Artwork of published articles will not be returned unless 
requested. Use black ink for all charts (line drawings). Make decimals, 
broken lines, and so on, clear enough for reproduction. Use arrows to 
designate special features. Crop photographs to show only essential 
fields. Identify figures on back by title of the article; omit the authors' 
names so that blinded reviews can be obtained. Number figures in the 
order in which they are mentioned in the text. Indicate the top of each 
figure. Submit written permission from the publisher and author to re- 
produce previously published figures. Limit figures to the number 
necessary to present the message clearly. Type figure legends on a 
separate page, double-spaced. Identify at the end of each legend and 
in alphabetical order all abbreviations in the figure. The cost of color 
reproduction must be paid by the author. 


TABLES: Place each table on a separate page, typed double-spaced. 
Number each table in Roman numerals (Table |, Il, etc.) and title each 
table. Identify in alphabetical order at the bottom of the table all ab- 
breviations used. When tabulating numbers of patients, use no more 
than 2 lines, preferably only 1 line, per patient. Use a plus sign (+) to 
indicate "positive" or "present," a zero (0) for “negative” or “absent,” 
and dash (—) for “no information available” ог ‘пої done.” Do not use 
“yes” or "no." 


BRIEF REPORTS: Brief Reports must be limited to no more than 3 
text pages and 6 references. Longer ones usually will be returned 
without review. Neither an abstract nor a Table of Contents miniabstract 
is required for a Brief Report. Subheadings are not used in the body of 
the Brief Report. 


LETTERS (For Publication): The author who submits a letter for 
consideration for publication should provide a covering letter on his/her 
own stationery to the Editor-in-Chief stating why the letter should be 
published. The letter for consideration for publication should be typed, 
double-spaced, on a separate sheet of plain white paper and limited, 
with few exceptions, to 2 pages. The original and 2 xerographic copies 
should be submitted. A title for the letter should be provided at the top 
of the page. At the enc of the letter, the writer's full name and city and 
state (or country if outside the United States) should be provided. The 
author's title and institution should not be included. The word ‘‘Refer- 
ences" does not appear above the list of references in published letters. 
References should be double-spaced. A letter concerning a particular 
article in the Journal must be received (from authors within the United 
States) within 2 months of the article's publication. 


REPRINTS: Price schedules and order cards for reprints are mailed 
to the author upon publication of the article. Individual reprints must be 
obtained through the author. | 
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of Heart Failure 
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This volume is aimed at providing clinicians with the physiologic and pharmacologic background necessary to ef- 
fectively and efficiently create and administer drug therapy regimens for their patients who suffer heart failure. All efforts 
were made to ensure that the timeliness of each chapter, prepared by internationally respected clinicians and medical 
scientists, would not be compromised by delays in publication. Consequently, this book presents the very latest think- 
ing on the utilization of drug therapy for heart failure and contains many references as recent as 1982 and 1983. This 
book is highly recommended to all physicians presently treating patients with heart failure. 
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> . Before prescribing or administering, see package circular for full 
` product information. The following is a brief summary. 


F с Visken* (pindolol) is indicated in the management of hyperten- 
- — Sion. It may be used alone or concomitantly with other anti- 
n-. уре пее agents, particularly with а thiazide type diuretic. 


= CONTRAINDICATIONS | 
= Visken (pindolol) is contraindicated in: 1) bronchial asthma; 
— - 2) overt cardiac failure; 3) cardiogenic shock; 4) second and 
_ third degree heart block; 5) severe bradycardia; (see Warnings). 


GS 

€ Failure: Sympathetic stimulation may be a vital compo- 
rting circulatory function in patients with congestive 

` he ‚ and its inhibition by beta-blockade may precipitate 
= more severe failure. Although beta-blockers should be avoided 
Î overt congestive heart failure, if necessary, Visken (pindolol) 

-. can be used with caution in patients with a history of failure who 
— аге well-compensated, usually with digitalis and diuretics. Beta- 
—- adrenergic blocking agents do not abolish the inotropic action of 


digitalis on heart muscle. 


— In Patients Without A History of Cardiac Failure: In patients 
= With latent cardiac insufficiency, continued depression of the 
_ myocardium with beta-blocking agents over a period of time 
~ сап in some cases lead to cardiac failure. At the first sign or 
. Symptom of impending cardiac failure, patients should be fully 
digitalized and/or be given a diuretic, and the response observed 
. closely. If cardiac failure continues, despite adequate digitaliza- 
tion and diuretic, Visken (pindolol) therapy should be withdrawn 
(gradually if possible). 


ў ;, Bacorbation of Ischemic Heart Disease Following Abrupt 
ot wal: Hypersensitivity to catecholamines has been 
~ Observed in patients withdrawn from beta-blocker therapy; 
-exacerbation of angina and, in some cases, myocardial infarc- 
.. tion have occurred after abrupt discontinuation of such tarapy. 
.. When discontinuing chronically administered Visken (pindolol), 
Ww г particularly in poems with ischemic heart disease, the dosage 
= Should be gradually reduced over a period of one to two weeks 
- .. and the patient should be carefully monitored. If angina mark- 
= — edly worsens or acute coronary insufficiency develops, Visken 
hr Dt (pindolol) administration should be reinstituted promptly, at least 
— . temporarily, and other measures appropriate for the manage- 


"E — 


.. — ment of unstable angina should be taken. Patients should be 
-- warned against interruption or discontinuation of therapy 
- . Without the physician's advice. Because coronary artery disease 
is common and may be unrecognized, it my be prudent not to 
discontinue Visken (pindolol) therapy abruptly even in patients 


p. -treated only for hypertension. 


-  Nonallergic Bronchospasm (e.g., chronic bronchitis, emphy- 
= sema)—Patients with Bronchospastic Diseases Should in 
= General Not Receive Beta-Blockers: Visken (pindolol) should be 
administered with caution since it may block bronchodilation 
|. produced by endogenous or exogenous catecholamine stimula- 
. ior of beta, receptors. 
- Major Surgery: Because beta blockade impairs the ability of the 
4 heart to respond to reflex stimuli and may increase the risks of 
- .. general anesthesia and surgical procedures, resulting in 
-protracted hypotension or low cardiac output, it has generally 
been suggested that such therapy should be withdrawn several 
m руе prior to surgery. Recognition of the increased sensitivity to 
= catecholamines of patients recently withdrawn from beta-blocker 
therapy, however, has made this recommendation controversial. 
_ If possible, beta-blockers should be withdrawn well before 
= surgery takes place. In the event of emergency surgery, the 
-anesthesiologist should be informed that the patient is on beta- 
— blocker therapy. The effects of Visken* (pindolol) can be 
= . reversed by administration of beta-receptor agonists such as 


> 


isoproterenol, dopamine, dobutamine, or levarterenol. Difficulty 
-.  inrestarting and maintaining the heart beat has also been 
4 . reported with beta-adrenergic receptor blocking agents. 


EA - Diabetes and Hypoglycemia: Beta-adrenergic blockade may 
= prevent the appearance of premonitory signs and symptoms 
= (e.g., tachycardia and blood pressure changes) of acute hypo- 
Eu mia. This is especially important with labile diabetics. Beta- 
p Ж ckade also reduces the release of insulin in response to 
- hyperglycemia; therefore, it may be necessary to adjust the 
"d “dose of antidiabetic drugs. 


.. Thyrotoxicosis: Beta-adrenergic blockade may mask certain 
= clinic y (e.g., tachycardia) of hyperthyroidism. Patients 
- Suspected of developing thyrotoxicosis should be managed 


151 
- Carefully to avoid abrupt withdrawal of beta-blockade which 
. might precipitate a thyroid crisis. 
PRECAUTIONS 
— impaired Renal or Hepatic Function: Beta-blocking aperts 
- should be used with caution in patients with impaired hepatic or 
~ renal function. Poor renal function has only minor effects on 
5 ` Visken ою) clearance, but poor hepatic function may 
К cause blood levels of Visken (pindolol) to increase substantially. 


RF Information for Patients: Patients, especially those with 
. . evidence of coronary artery insufficiency, should be warned 

. against interruption or discontinuation of Visken (pindolol) 
= therapy without the physician's advice. Although cardiac failure 

rarely occurs in properly selected patients, patients being 

_ treated with beta-adrenergic blocking agents should be advised 
o consult the physician at the first sign or symptom of impend- 
~ ing failure. 


- . Drug Interactions: Catecholamine-depleting drugs (е.0., 
( _геѕегріпе) may have an additive effect when given with beta- 
_ blocking agents. Patients receiving Visken (pindolol) plus а 
` Catecholamine depleting agent should, therefore, be closely 
- observed for evidence of hypotension and/or marked 
= bradycardia which may produce vertigo, syncope, or postural 
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Visken (pindolol) has been used with a variety*of antihyperten- 
sive agents, including hydrochlorothiazide, hydralazine, and 
guanethidine without unexpected adverse interactions. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: In 
chronic oral toxicologic studies (one to two years) in mice, rats, 
and dogs, Visken (pindolol) did not produce any significant toxic 
effects. In two-year oral carcinogenicity studies in rats and mice 
in doses as high as 59 mg/kg/day and 124 mg/kg/day (50 and 
100 times the maximum recommended human dose), respec- 
tively, Visken (pindolol) did not produce any neoplastic, preneo- 
plastic, or nonneoplastic pathologic lesions. In fertility and 
neral reproductive performance studies in rats, Visken 

pindolol) caused no adverse effects at a dose of 10 mg/kg. 


In the male fertility and general reproductive performance test 
in rats, definite toxicity characterized by mortality and decreased 
weight gain was observed in the group given 100 mg/ kg/day. 

At 30 mg/kg/day, decreased mating was associated with 
testicular atrophy and/or decreased spermatogenesis. This 
response is not clearly drug related, however, as there was no 
dose response relationship within this experiment and no similar 
effect on testes of rats administered Visken (pindolol) as a 
dietary admixture for 104 weeks. There appeared to be an 
increase in prenatal mortality in males ne 100 mg/kg but 
development of offspring was not impaired. 


In females administered Visken (pindolol) prior to mating 
through day 21 of lactation, mating behavior was decreased at 
100 mg/kg and 30 mg/kg. At these dosages there also was 
increased mortality of offspring. Prenatal mortality was 
increased at 10 mg/kg but there was not a clear dose response 
relationship in this experiment. There was an increased resorp- 
tion rate at 100 mg/kg observed in females necropsied on the 
15th day of gestation. 


Pregnancy—Category B: Studies in rats and rabbits exceeding 
100 times the maximum recommended human doses, revealed 
no embryotoxicity or teratogenicity. Since there are no adequate 
and well-controlled studies in pregnant women, and since 
animal reproduction studies are not always predictive of human 
response, Visken (pindolol), as with any drug, should be 
employed durin pregnancy only if the potential benefit justifies 
the potential risk to the fetus. 


Nursing Mothers: Since Visken (pindolol) is secreted in human 
"e nursing should not be undertaken by mothers receiving 
e drug. 


Pediatric Use: Safety and effectiveness in children have not 
been established. 


CLINICAL LABORATORY 

Minor persistent elevations in serum transaminases (SGOT, 
SGPT) have been noted in 796 of patients during Visken (ако, 
lol) administration, but ростам elevations were not observed 
and liver injury has not been reported in the medical literature 
over a ten (10) year period of marketing. Alkaline phosphatase, 
lactic acid pc a аран (LDH) and uric acid are also elevated 
on rare occasions. The significance of these findings is unknown. 


ADVERSE REACTIONS 

Most adverse reactions have been mild. The incidences listed in 
the following table are derived from 12 week comparative 
double-blind, parallel design trials in hypertensive patients given 
Visken (pindolol) as monotherapy, given various active control 
drugs as monotherapy, or given placebo. Data for Visken 
(pindolol) and the positive controls were pooled from several 
trials because no striking differences were seen in the individual 
studies, with one exception. The frequency of edema was 
noticeably higher in positive contro! trials (16% Visken (pindolol) 
vs 9% positive control) than in placebo controlled trials (6% 
Visken (pindolol) vs 3% placebo). The table includes adverse 
reactions reported in greater than 2% of Visken (pindolol) 
patients and other selected important reactions. 











Total (Volunteered and Elicited) 
Visken Acti 
бон) controls* Placebo 
Body System/ (N = 322) (N = 188) (N = 78) 
Adverse Reaction % % % 

Central Nervous System 

Anxiety 4 <1 1 

Bizarre or Many Dreams 8 3 8 

Dizziness 17 23 8 

Fatigue 15 19 12 

Hallucinations 1 0 0 

Insomnia 19 8 12 

Lethargy 3 6 4 

Nervousness 11 5 9 

Weakness 7 5 4 
Autonomic Nervous System 

Paresthesia 5 2 

Visual Disturbances 4 3 4 
Cardiovascular 

yspnea 9 8 9 

Edema 11 9 3 

Heart Failure 2 <1 0 

Palpitations 2 2 0 

Weight Gain 3 5 0 
Musculo-Skeletal 

Chest Pain 5 3 5 

Joint Pain 11 6 8 

Muscle Cramps 8 2 0 

Muscle Pain 12 12 9 
Gastrointestinal 

Abdominal Discomfort 7 7 5 

Nausea 7 4 1 
Skin 

Pruritus 2 «1 0 

Rash 2 3 3 





* Active Controls: Patients received either propranolol, a-methyldopa or a 
diuretic (hydrochlorothiazide or chlorthalidone). 
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The following selected (potentially important) adverse reactions 
were seen in 296 or fewer patients and their relationship to 
Visken adag is uncertain. AUTONOMIC NERVOUS SYSTEM: 
hyperhidrosis; CARDIOVASCULAR: bradycardia, claudication, 
coid extremities, heart block, S quae syncope, tachycar- 
dia; GASTROINTESTINAL: diarrhea, vomiting; RESPIRATORY: 
wheezing; UROGENITAL: impotence, pollakiuria; MISCELLANE- 
OUS: eye discomfort or burning eyes. 


POTENTIAL ADVERSE EFFECTS 

In addition, other adverse effects not listed above have been 
reported with other beta-adrenergic blocking agents and should 
be considered potential adverse effects of Visken (pindolol). 


Central Nervous System: Reversible mental depression 
progressing to catatonia; an acute reversible syndrome charac- 
terized by disorientation for time and place, short-term memory 
loss, emotional lability, slightly clouded sensorium, and 
decreased performance on neuropsychometrics. 


Cardiovascular: Intensification of AV block. See 
CONTRAINDICATIONS. 


Allergic: Erythematous rash; fever combined with aching and 
sore throat; laryngospasm; respiratory distress. 


Hematologic: Agranulocytosis; thrombocytopenic and non- 
thrombocytopenic purpura. 


ERI Mesenteric arterial thrombosis; ischemic 
colitis. 


Miscellaneous: Reversible alopecia; Peyronie's disease. 


The oculomucocutaneous syndrome associated with the beta- 
blocker practolol has not been reported with Visken (pindolol) 
during investigational use and extensive foreign experience 
amounting to over 4 million patient-years. 


OVERDOSAGE 

No specific information on emergency treatment of overdosage 
is available. Therefore, on the basis of the pharmacologic 
actions of Visken (pindolol), the following general measures 
should be employed as appropriate in addition to gastric lavage: 


Excessive Bradycardia: administer atropine; if there is no 
response to vagal blockade, administer isoproterenol cautiously. 


Cardiac Failure: key the patient and/or administer diuretic. 
It has been reported that glucagon may be useful in this 
situation. 


Hypotension: administer vasopressors, e.g., epinephrine or 
levarterenol, with serial monitoring of blood pressure. (There is 
evidence that epinephrine may be the drug of choice.) 


Bronchospasm: administer a beta, stimulating agent such as 
isoproterenol and/or a theophylline derivative. 


A case of an acute overdosage has been reported with an intake 
of 500 mg of Visken (pindolol) by a hypertensive patient. Blood 
pressure increased and heart rate was = 80 beat/min. Recovery 
was uneventful. іп another case 250 mg of Visken (pindolol) was 
taken with 150 mg diazepam and 50 mg nitrazepam, producing 
coma and hypotension. The patient recovered in 24 hours. 


DOSAGE AND ADMINISTRATION 

The dosage of Visken (pindolol) should be individualized. The 
recommended initial dose of Visken (pindolol) is 5 mg b.i.d. 
alone or in combination with other antihypertensive agents. An 
antihypertensive response usually occurs within the first week of 
treatment. Maximal response, however, may take as long as or 
occasionally longer than two weeks. If a satisfactory reduction 
in blood pressure does not occur within 3-4 weeks, the dose 
may be adjusted in increments of 10 mg per day at these 
intervals up to a maximum of 60 mg per day. 


HOW SUPPLIED 

White, round, scored tablets: 5 mg and 10 mg, packages of 
100. 5 mg tablets embossed “VISKEN 5” on one side, and 
"78-111" and scored on other side (NDC 0078-0111-05). 10 mg 
tablets embossed “VISKEN 10” on one side, and “78-73” and 
scored on other side (NDC 0078-0073-05). 
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“What makes 
Visken (pindolol) 
different?” 


“Unlike most 
beta blockers, 
Visken (pindolol) 
Is the 
beta-active 
agent with 
dual action” 


When you're 
asked about 
Visken therapy, 
you'll want 

to have 

the answers. 
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/^ Pharmaceutical Division 


SANDOZ, INC. 
hA East Hanover, NJ 07936 





VISKEN FULFILLMENT 
555 W. JACKSON 
CHICAGO, IL 60606 


Piease send me clinical background 
information on Visken (pindolol). lm 
interested in how the beta blocking 
and stimulating effects of Visken 
therapy can help both young and 
mature patients. 


VIS-185-8 


Visken 


(pindolol) 2:22" ^" 


Send me 
the answers. 


Name 

(please print) 
Address 
City State ZIP - 











GERIATRICPROOF. 








For elderly patients with angina,” the transdermal nitroglycerin patch on the left can 
be as difficult to open as a childproof cap. 


Nitro-Dur is easier to open, easier to apply. Its size is comfortable to handle. Its 
backing is easy to peel off from any corner. And its application is simple—no 
continual pressure is needed. Nitro-Dur was designed to fit comfortably into the lives 
of angina patients—particularly the elderly. 


No wonder it has won a place so close to so many hearts. 


Symptoms of hypotension may be due to overdosage. If hypotension occurs, the dosage should be reduced. In terminating treatment, the dosage must be 
gradually reduced over a 4- to 6-week period. 


*All transdermal nitroglycerin products are being marketed pending final evaluation of effectiveness by the FDA 


Nitro-Dur 
(nitroglycerin) 


Transdermal Infusion System 


Practical not pretty. 


See next page for brief summary of prescribing information. 























DESCRIPTION: The Nitro-Dur Transdermal Infusion System 
contains nitroglycerin in a gel-like matrix composed of glycerin, 
water (purified), lactose, polyvinyl alcohol, povidone and so- 
dium citrate to provide a continuous source of the active 
ingredient. Nitro-Dur is available in dosage sizes 5cm?, 10cm2, 
15cm? and 20cm?, containing 26 mg, 51 mg, 77 mg and 104 
mg of nitroglycerin, respectively, thereby providing a range of 
dosing levels of nitroglycerin. Each unit is sealed in a polyester- 


-  foil-polyethylene laminate. The bandage portion consists of a 


medical grade non-woven, heat sealable, microporous tape. 


CLINICAL PHARMACOLOGY: When the Nitro-Dur system is 
applied to the skin, nitroglycerin is absorbed continuously 
through the skin into the systemic circulation. This results in 
active drug reaching the target organs (heart, extremities) 
before deactivation by the liver. Nitroglycerin is a smooth 
muscle relaxant with vascular effects manifested predominantly 
by venous dilation and pooling. The major beneficial effect of 
nitroglycerin in angina pectoris is a reduction in myocardial 


. Oxygen consumption secondary to vascular smooth muscle 


relaxation with resultant reduction in cardiac preload and 


__ afterload. In recent years there has been an increasing recogni- 


tion of a direct vasodilator effect of nitroglycerin on the 
coronary vessels. 

In bioavailability studies using healthy volunteers,’ transder- 
mal absorption of nitroglycerin from Nitro-Dur achieved steady 
State venous plasma levels, and maintained these levels for 24 


> > hours. Detectable plasma levels were attained within 30 min- 


utes after application of the system, and were still detectable 
30 minutes after removal of the system. Precise definition of 
“therapeutic plasma level” is not known at this time. 


INDICATIONS AND USAGE: This drug product has been 
conditionally approved by the FDA for the prevention and 


treatment of angina pectoris due to coronary artery 
disease. The conditional approval reflects a determination 
that the drug may be marketed while further investigation 
of its effectiveness is undertaken. A final evaluation of the 
| effectiveness of the product will be announced by the FDA. 





_ CONTRAINDICATIONS: Intolerance of organic nitrate drugs, 
-. marked anemia, increased intraocular pressure or increased 


intracranial pressure. 


. WARNINGS: The Nitro-Dur system should be used under 


— careful clinical and/or hemodynamic monitoring in patients 


with acute myocardial infarction or congestive heart failure. 
In terminating treatment of angina patients, both the dosage 
and frequency of application must be gradually reduced over a 


А period of 4 to 6 weeks in order to prevent sudden withdrawal 
reactions, which are characteristic of all vasodilators in the 


nitroglycerin class. 

Safe use in pregnancy has not been established relative to 
possible adverse effect on fetal development, but neither have 
adverse effects on fetal development been established. There- 
fore, use of nitroglycerin in pregnant women should be 
balanced against the risk of uncontrolled angina pectoris. 


_ PRECAUTIONS: Symptoms of hypotension, such as faintness, 


weakness or dizziness, particularly orthostatic hypotension, 
may be due to overdosage. If during the course of treatment 
these symptoms occur, the dosage should be reduced or use 
of the product discontinued. 

Nitro-Dur is not intended for use in the treatment of acute 


` anginal attacks. For this purpose, occasional use of sublingual 


— Ritroglycerin may be necessary. 


. ADVERSE REACTIONS: Transient headache is the most com- 
_ mon side effect, especially when higher doses of the drug are 


_ administered. Headaches should be treated with mild anal- 


- gesics while continuing Nitro-Dur therapy. If headache persists, 
- the Nitro-Dur dosage should be reduced. 


Adverse reactions reported less frequently include hypoten- 


—. Sion, increased heart rate, faintness; flushing, dizziness, 


nausea, vomiting, and dermatitis. Except for dermatitis, these 
symptoms are attributed to the pharmacologic effects of 
nitroglycerin. However, they may be symptoms of overdosage. 
When they persist, the Nitro-Dur dosage should be reduced or 
use of the product discontinued. 


_ HOW SUPPLIED: Nitro-Dur Transdermal Infusion System, 


5cm?, 10cm?, 15cm? and 20cm?, is available in unit dose 


. packages of 28 and hospital packs of 100. 
- CAUTION: Federal law prohibits dispensing without 


prescription. 


Ё - PATIENT INSTRUCTIONS FOR APPLICATION: Patient instruc- 
-. tions are furnished with each unit dose package. 


For complete prescribing information, please see package 


- insert. 
- ‘Data on file: Key Pharmaceuticals, Inc. 


Revised 05/84 


KEY PHARMACEUTICALS, INC. 


Miami, Florida 33269-0670 
World leader in 
drug delivery systems. 
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If it's not the new 16th edition of 
MODERN DRUG ENCYCLOPEDIA, 
you can't be sure. 

MODERN DRUG ENCYCLOPEDIA 
and Therapeutic Index 16th Edition 


Arthur J. Lewis, MD, Editor 

Gertrude Dittus Gonzales, R.Ph., B.S., Pharm., 
Executive Editor 

Charles L. Winek, Ph.D., Contributing Editor 
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The 16th Edition of MODERN DRUG ENCYCLOPEDIA is written 
especially for the practitioner who needs complete, objective information 
on prescription drugs. 


An independent team of pharmacists and physicians has researched 
and edited all the facts on 3,000 prescription drugs. It passes this 
research on to you in an easy to absorb style that's perfectly suited to 
the tight schedule of a time pressed practitioner. 


Some handbooks just reprint manufacturers' package inserts. They 
don't edit. Just print material manufacturer pays to have included. 


Here's what careful planning does for MODERN DRUG 

ENCYCLOPEDIA: 

e limits entries to prescription drugs. You don't waste time flipping 
through pages of extraneous drugs. 

e lists over 3,000 pharmaceuticals, biologicals, and allergens in one a-z 
sequence. 

e arranges entries by generic name. All brand names in one place. 

e written in concise language for quick comprehension. 

e designed with a ‘‘strong focus’’ layout, easy-to-read type, and bold 
subject headings. 


The 1,000 page main section arranges over 3,000 drugs 
alphabetically by generic name. Each entry covers vital facts about 
brand names and each manufacturer that markets their own brand. 


Three a-z indexes provide instant access to all the material found in 
the main section as follows: 

* GENERAL INDEX of all brand generic names in handy alphabetic 
sequence. 

e THERAPEUTIC INDEX of which drugs are prescribed for which 
purpose. Allows you a wide selection of therapy based on your 
patient's special needs. 

e MANUFACTURERS INDEX of names and addresses and product 
names. Helps you identify the drug when you only know the 
manufacturer's name. 


ا 


Yorke Medical Books AJCC5 
Box C-757 

Brooklyn, NY 11205 

Please send me a copy of the MODERN DRUG ENCYCLOPEDIA, 16th Edition (00021) $59.00. 


LJ Enclosed is my check for 
| (same return privilege). 
О Please bill my Г] Visa О MasterCard 


Exp. date Card No. 
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including $1.50 for handling. Yorke pays postage 


C] AMEX (same return privilege) 





i LJ Please bill me plus postage and handling (U.S. and Canadian orders only). 
i Name 





i Address 





City/State/Zip 


| Customers in the following states please include applicable sales tax: CA, CT, GA, IL, MA, MI, NY, OH, PA, TX. All 
і foreign orders must be prepaid in U.S. funds with a check drawn опа U.S. bank ог charged to а credit card. Please 
үч $5.00 per book for all orders to be shipped outside the U.S. and Canada. J 
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Here is the first —— 
anatomically selective lead. 
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Introducing the 
Fast-Pass’ Finned Lead. 





The new curve chordae for improved . а maneuver- QA Pacesetter? 
" acute positioning. ; | Г ; 
without a “catch. . ien es ex . dines fluoro time I We design ШШШ 
e Anchors securely where E 
you want it — posterior md Ms vwd Pacesetter Systems, Inc. 
Mec : са aced fin holes. 2884 Bradley Av 
ee me uu Үр Contact your Pacesetter os ee 
to trabeculations for : Sylmar, CA 91542 
excellent fixation Exclusive coating o — гергсзслетү иан Call toll free (800) 423-5611. 
xu te speed positioning. ET In California (818) 362-6822 
e Avoids snagging — radius Fist Pass coating Fast-Pass? finned lead. LE 22; 
at back of fin much ара 
larger than that of simplifies dual-lead 
insertion. 


Fast-Pass® leads are coated by the Hydromer® process. Hydromer® is a registered trademark of Hydromer, Inc., 
and is licensed under U.S. Patent Nos. 4,100,309, and 4,119,094. 


© 1985 Pacesetter Systems, Inc. 
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thats easier 
to live with 


Allows uninterrupted activities, 
uninterrupted sleep 


Because Bumex essentially completes diuresis 
within four hours, at usual doses, it can be taken 
in the early evening so patients can have more 
free time to live their lives during the day or 
enjoy a full night of sleep.’ 

As with all loop diuretics, excessive doses 
can lead to profound diuresis, water and elec- 
trolyte depletion, and hypokalemia. Serum 
electrolytes should be monitored periodically, 
especially in patients on low-salt diets or those 
treated for prolonged periods or on high doses. 








Bumex - 


bumetanide/Roche 


0.5-mg and 1-mg scored tablets/2-ml ampuls, 
2-ml, 4-ml and 10-ml vials (0.25 mg/ml) 


Unsurpassed loop diuretic efficacy and efficiency. 


Please see following page for references and summary of product information. 
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Bumex 


~ bumetanide/Roche 
~ 0.5-mg and 1-mg scored tablets/2-ml атри, 
2-ml, 4-ml and 10-ml vials (0.25 mg/ml) 


. Before prescribing, please consult complete product information, a 
` summary of which follows: 







WARNING: Bumex (bumetanide/Roche] is а potent diuretic which, if given 
їп excessive amounts, can lead to a profound diuresis with water and 
electrolyte depletion. Therefore, careful medical supervision is required, 
and dose and dosage schedule have to be adiusted to the individual 

.| patients needs. (See under DOSAGE AND ADMINISTRATION in complete 
_ | Product information.) 


-. INDICATIONS AND USAGE: Edema associated with congestive heart failure, 
| hepatic and renal disease, including the nephrotic syndrome. 
-- Almost equal diuretic response occurs after oral and parenteral administration of 
1 Bumex. If impaired gastrointestinal absorption is suspected or oral administration 
- 4S not practical, Bumex should be given by the intramuscular or intravenous 
. route. 
Successful treatment with Bumex following instances of allergic reactions to 
| furosemide suggests a lack of cross-sensitivity. 
__ CONTRAINDICATIONS: Anuria. Hypersensitivity and in patients in hepatic 
—.. Coma or in states of severe electrolyte depletion. Although Bumex сап be used 
1 10 induce diuresis in renal insufficiency, any marked increase in blood urea nitro- 
_ gen or creatinine, or the development of oliguria during therapy of patients with 
progressive renal disease, is an indication for discontinuation of treatment. 
WARNINGS: Dose should be adjusted to patierit’s needs. Excessive doses or too 
— frequent administration can lead to profound water loss, electrolyte depletion, 
dehydration, reduction in blood volume and circulatory collapse with the possi- 
` bility of vascular thrombosis and embolism, particularly in elderly patients. 
—— Prevention of hypokalemia requires particular attention in patients receiving dig- 
` italis and diuretics for congestive heart failure, hepatic cirrhosis and ascites, 
/ States of aldosterone excess with normal renal function, potassium-losing 
nephropathy, certain diarrheal states, or other states where hypokalemia is 
thought to represent particular added risks to the patients. 
In patients with hepatic cirrhosis and ascites, sudden alterations of electrolyte 
balance may precipitate hepatic encephalopathy and coma. Treatment in such 
p. patients is best initiated in the hospital with small doses and careful monitoring of 
| the patients clinical status and electrolyte balance. Supplemental potassium 
{ - and/or spironolactone may prevent hypokalemia and metabolic alkaiosis in these 
_ patients. 
М In cats, dogs and guinea pigs, Bumex has been shown to produce ototoxicity. 
- Since Bumex is about 40 to 60 times as potent as furosemide, it is anticipated 
- that blood levels necessary to produce ototoxicity will rarely be achieved. The 
- potential for ototoxicity increases with intravenous therapy, especially at high 
- doses. 
- Patients allergic to sulfonamides may show hypersensitivity to Bumex. 
+ PRECAUTIONS: Measure serum potassium periodically and add potassium sup- 
_ plements or potassium-sparing diuretics, if necessary. Periodic determinations of 
other electrolytes are advised in patients treated with high doses or for pro- 
‘longed periods, particularly in those on low salt diets. 
-.. Hyperuricemia may occur Reversible elevations of the BUN and creatinine may 
. occur especially with dehydration and in patients with renal insufficiency. 
. Bumex (bumetanide/Roche) may increase urinary calcium excretion. 
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e Essentially completes diuresis within 4 hours, at 
usual doses 

eAmong loop diuretics, unsurpassed in volume of 
fluid and sodium excreted 

e Unsurpassed in reducing edema and improving 
functional status 

e Rapidly, nearly completely absorbed—for a pre- 
dictable diuretic response 

eAllows for early-evening diuresis—for days of 
normal activity, nights of uninterrupted sleep 

e Contraindicated in anuria, markedly elevated BUN, 
hepatic coma and severe electrolyte deficiency 

eThe most frequent clinical adverse reactions 
considered probably or possibly related to 


Bumex are: muscle cramps, dizziness, hypo- 
tension, headache, nausea and encephalopathy. 





References: 1. Asbury MJ, et al: Br Med J 1:211-213, Jan 22, 1972. 

2. Physicians’ Desk Reference, 38th ed. Oradell, NJ, Medical Economics 
Company, 1984, p. 1003. 3. Homeida M, Hunter KR, Roberts C JC: 

Br J Clin Pharmacol 3:969-970, Jul 16, 1976. 


_——————— —-—-—-—-—-—-—-—-—-——-—— 


Possibility of effect on glucose metabolism exists. Periodic determinations of 
blood sugar should be done, particularly in patients with diabetes or suspected 
latent diabetes. 

Patients should be observed regularly for possible occurrence of blood dyscra- 
sias, liver damage or idiosyncratic reactions. 

Especially in presence of impaired renal function, use of parenterally adminis- 
tered Bumex should be avoided in patients to whom aminoglycoside antibiotics 
are also being given, except in life-threatening conditions. 

Drugs with nephrotoxic potential and bumetanide should not be administered 
simultaneously. 

Since lithium reduces renal clearance and adds a high risk of lithium toxicity, it 
should not be given with diuretics. 

Probenecid should not be administered concurrently with Bumex (bumetanide/ 
Roche]. 

Concurrent therapy with indomethacin not recommended. 

Bumex may potentiate the effects of anuhypertensive drugs, necessitating 
reduction in dosage. 

Interaction studies in humans have shown no effect on digoxin blood levels. 
Interaction studies in humans have shown Bumex to have no effect on warfarin 
metabolism or on plasma prothrombin activity. 

Pregnancy: Bumex should be given to a pregnant woman only if the potential 
benefit justifies the potential risk to the fetus. 

Bumetanide may be excreted in breast milk 

Pediatric Use: Safety and effectiveness below age 18 not established. 

ADVERSE REACTIONS: Muscle cramps, dizziness, hypotension, headache and 
nausea, and encephalopathy [in patients with preexisting liver disease]. 

Less frequent clinical adverse reactions are weakness, impaired hearing, rash, 
pruritus, hives, electrocardiogram changes, abdominal pain, arthritic pain, mus- 
culoskeletal pain and vomiting. 

Other clinical adverse reactions are vertigo, chest pain, ear discornfort, fatique, 
dehydration, sweating, hyperventilation, dry mouth, upset stomach, renal fail- 
ure, asterixis, itching, nipple tenderness, diarrhea, premature ejaculation and dif- 
ficulty maintaining an erection. 

Laboratory abnormalities reported are hyperuricemia, azotemia, hyperglycemia, 
increased serum creatinine, hypochloremia, hypokalemia, hyponatremia, and 
variations in CO; content, bicarbonate, phosphorus and calcium Although man- 
ifestations of the pharmacologic action of Bumex (bumetanide/Roche}, these 
conditions may become more pronounced by intensive therapy. 

Diuresis induced by Bumex may also rarely be accompanied by changes in LDH, 
total serum bilirubin, serum proteins, SGOT, SGPT, alkaline phosphatase, choles- 
terol, creatinine clearance, deviations in hemoglobin, prothrombin time, hemato- 
crit, platelet counts and differential counts. Increases in urinary glucose and 
urinary protein have also been seen. 

HOW SUPPLIED: Tablets, 0.5 mg (light green) and | mg (yellow), bottles of 

100 and 500; Prescription Paks of 30; Tel-E-Dose® cartons of 100. Imprint on 
tablets: 0.5 mg—ROCHE BUMEX 0.5; | mg—ROCHE BUMEX | 
Ampuls, 2 ml, 0.25 mg/ml, boxes of ten. 

Vials, 2 ml, 4 ml and 10 mi, 0.25 mg/ml, boxes of ten. 


ROCHE LABORATORIES 
Division of Hoffmann-La Roche Inc. 


a Nutley, New Jersey 07110 





Effect of Peripheral Thyroid Hormone 
Metabolism on Cardiac Arrhythmias 


RODRICK MEESE, MD 
THOMAS C. SMITHERMAN, MD 
CHARLES H. CROFT, MD 
ALBERT BURGER, MD 
PASCAL NICOD, MD 


The recent development of specific radioimmunoassays 
for thyroxine (T4), triiodothyronine (ТЗ) and reverse 
triiodothyronine (rT3) has allowed the study of the 
peripheral metabolism of thyroid hormones.!-? Two 
unrelated drugs, amiodarone and iopanoic acid,3* divert 
the peripheral metabolism of T4 from the production 
of T3 to the production of rT3, a metabolically inactive 
compound. The relation between the remarkable anti- 
arrhythmic effects of amiodarone and its effects on 
peripheral thyroid metabolism are unclear. Although 
the antiarrhythmic action of amiodarone parallels the 
increase of rT3,° a cause and effect relation has not been 
clearly defined. Iopanoic acid, in contrast, a totally 
unrelated compound with no known antiarrhythmic 
effect and used for oral cholescystography, affects the 
peripheral thyroid hormone metabolism in a manner 
similar to that of amiodarone.* The purpose of this re- 
port was to assess the effect of treatment with iopanoic 
acid in patients with ventricular arrhythmias and to test 
indirectly whether the blockade of the peripheral me- 
tabolism of T4 to T3 could be efficacious in treating 
ventricular arrhythmias in humans. 


Five men, aged 42 to 74 years (mean 63), were studied. 
Their clinical characteristics are listed in Table I. Only pa- 
tients with documented frequent ventricular premature 
complexes (VPCs) (more than 100 beats/hour) by previous 
Holter monitoring were included in the study. Those with 
decompensated congestive heart failure (assessed by the 
presence of an S3 and/or pulmonary rales, or interstitial 
pulmonary edema on a chest roentgenogram), significant 
angina (New York Heart Association class III and IV), al- 
lergy to contrast agents, or history of thyroid, hepatic, renal 
or hematologic disease were excluded. Each patient gave 
informed consent. All current medications were continued 
for at least 3 weeks before and during the entire course of the 
study. 

T4, ТЗ, "ТЗ and thyroid stimulating hormone (TSH) were 
measured using specific antibodies according to methods 
previously described. Free thyroxine index (FTI) was 
calculated using a standard formula. 

Continuous 24-hour ambulatory electrocardiographic 
recordings (Instrument for Cardiac Research, model 7100) 
were analyzed using a semiautomated arrhythmia analysis 
system (Instruments for Cardiac Research Cardiography 
System, model 60002C) and plotter (Instruments for Cardiac 
Research, model 6321) after initial visual scanning to de- 
termine the threshold for automated discrimination of nor- 
کک‎ УЕ Ус ИЛЛА ИГЕН НГ Ры qu SE ee 
From the Department of Internal Medicine (Cardiology Division), Vet- 
erans Administration Medical Center and Parkland Memorial Hospital, 
University of Texas Health Science Center and Southwestern Medical 
School, Dallas, Texas, and the of Internal Medicine, Centre 
Hospitalier Universitaire Vaudois, CH-1011 Lausanne, Switzerland. 
Manuscript received August 6, 1984; revised manuscript received 
November 14, 1984, accepted November 16, 1984. 
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was confirmed by visual inspection of selected electrocar- — 


diographic tracings. From these data were calculated the 


total number of VPCs per hour and the presence or absence ў 


оў multiform or successive VPCs. 
Continuous ambulatory electrocardiographic (Holter) 


monitoring was performed in each patient over a 48-hour  . 


period before initiation of therapy (day —1 and 0). In addi- 
tion, baseline electrocardiograms and thyroid function tests 
as previously described were obtained in all patients. Each 
patient was then given oral iopanoic acid in а dose of 2g on 
the first day, followed by 500 mg/day as a single morning dose 
during the next 9 days. Twenty-four-hour ambulatory Holter 
recordings were obtained on days 2, 4,6, 9 and 10 of treat- 


ment. An electrocardiogram and thyroid function tests were _ 
repeated on days 2,4,6,8 and 10 of treatment. Liver function 
tests, hemogram, urea and creatinine were performed before — 


and after completion of the study. 


Data were expressed as mean + standard deviation. A. 


repeated analysis of variance was performed for each con- 


tinuous variable to compare the means with the baseline’ " 
values. A probability value of p «0.05 was considered — . 


significant. 


All patients completed the 10 days of treatment without а 
adverse effects. The blood count, liver and renal function test — 


results were not significantly different. Sequential thyroid 
function tests during iopanoic acid therapy are shown in 


Table II and Figure 1. As expected, T4, FTI and TSH in- x 


creased slightly during treatment. RT3 increased signifi- 


the frequency of VPCs did not vary significantly (Fig. 1, 
Table II). None of the patients had greater than 80% sup- 


pression of VPCs. Four patients had 1 to 5 ventricular cou- 


plets per hour at baseline, the frequency of which did not 
vary during treatment. Analysis of the sequential electro- 
cardiograms did not reveal any significant change in heart 
rate, QRS or QT intervals. 


It has recently been suggested that the serum level 
of rT3 may be the best predictor of therapeutic efficacy 


and of potential toxicity during therapy with ami- - 
odarone,® an effective antiarrhythmic agent in the 


treatment of supraventricular and ventricular ar- 
rhythmias.9-7 Moreover, it has been suggested that a 
block of peripheral conversion of T4 to T3 at the cellular 


level, in particular in the myocardium, might be linked 


to the antiarrhythmic action of amiodarone. The elec- 


TABLE 1 Clinical Features 
Age History History 
Pt (уг) of AMI of SH Other Medications 
1 68 + + — Quinidine 
diazide 
Z ӨЯ 0 + СОРО Hydralazine, 
metoprolol, 
clonidine, 
furosemide 
9 42 0 0 Peptic ulcer Cimetidine 
4 70 0 0 CHF Nifedipine, 
procainamide, · 
isosorbide 
dinitrate 
b 74 0 + COPD, angina Verapamil, 
isosorbide 
dinitrate 


———— 


AMI = acute myocardial infarction; CHF = congestive heart failure; _ 
COPD = chronic obstructive pulmonary disease; SH = systemic hy- _ 
pertension; + = positive; 0 = negative; — = none. b: 






cantly, whereas T3 decreased markedly. At the same time, _ 
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11.6 + 2.0 11.6 + 2.6 PET E23 


— 3.7 + 0.8 4.1 + 1.2 4.4 + 0.8 5.2 + 1.1 4.9 + 1.1 — 5.1+ 0.9 
— 40+ 2 41+ 3 40 + 3 43 + 1° 43 + 1° — 44 + 3° 
— 121 + 10 102 + 10* 97 + 9* 100 + 20* 81+ 2° — 82 + 10° 
bos — 33 + 18 51+ 20 65 + 20° 67 + 20° 73 + 22" — 79 + 23* 
Н — 4.4 + 2.2 5.4 + 1.9 6.0 + 1.8 6.3 + 2.2 6.8 + 2.9 — 6.7 + 2.4 
Cs/hour 597 + 318 420+359 350: 157 382+ 166 337-2196 3764227 3244211 4694410 


|... *p <0.05 compared with day 0. 


FTI = free thyroxine index; rT3 = reverse triiodothyronine; SD 
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ocardiographic changes seen in patients during 


gu. treatment with amiodarone (QTc prolongation) are 


* 
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_ similar to those seen in patients with hypothyroidism. 
* . lopanoic acid, an unrelated agent used for contrast oral 
_ cholecystography, has similar metabolic effects on the 
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opportunity to assess the role of blockade of peripheral 
metabolism of T4 to T3 in the therapy of ventricular 
arrhythmias in humans. Moreover, in view of the similar 
metabolic effects of amiodarone and iopanoic acid, we 
evaluated this latter drug as an antiarrhythmic agent. 

In our study, the mean increase of r T3 was 47 ng/100 
ml during the 10 days of treatment, similar to the in- 
crease using amiodarone, which was linked to sup- 
pression of VPCs, seen іп the study of Nademanee et al.5 
Variations in T4, T3, FTI and TSH were also similar to 
those described previously during administration of 
amiodarone.? However, the frequency of VPCs did not 
vary during treatment with iopanoic acid. This report 
therefore suggests that the antiarrhythmic effects of 
amiodarone might be unrelated to its effect on periph- 
eral thyroid metabolism. It furthermore confirms that 
iopanoic acid is ineffective as an antiarrhythmic agent. 
There are 2 explanations for the differences in antiar- 
rhythmic efficacy between amiodarone and iopanoic 
acid. First, although amiodarone and iopanoic acid have 
similar effects on peripheral thyroid hormone metab- 
olism, only amiodarone has an unrelated antiarrhythmic 
effect. An alternative hypothesis is that amiodarone has 
a greater affinity for cardiac tissues, resulting in block 
of conversion of T4 to T3 at that level, and therefore in 
its antiarrhythmic effect. Although both explanations 
are possible, we favor the first for 2 reasons: (1) The 
effect of both drugs on plasma levels of the different 
thyroid metabolites is identical, suggesting similar pe- 
ripheral action; and (2) no drug having an effect on the 
peripheral metabolism of thyroxine has thus far been 
shown to have selective effect on various tissues. 

In conclusion, the block of the peripheral conversion 
of thyroxine by iopanoic acid does not have antiar- 
rhythmic efficacy in man. Although amiodarone has a 
similar effect on the peripheral metabolism of T4, it has 
TS properties independent of its metabolic 
effects. 
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Concomitant Pulsus and U-Wave 
Alternans After Head Trauma 


YU-CHEN LEE, MD 
FREDERICK J. SUTTON, MD 


Concomitant pulsus and U-wave alternans were first 
described by Eyer in 1974.! We report herein a patient 
who had marked pulsus and U-wave alternans after 


head trauma. 


A 33-year-old man who had been in good health was hos- 
pitalized on April 16, 1981, because of head trauma caused 
by a fall. Cardiac findings on admission were unremarkable. 
He underwent right temporal frontal craniotomy with 
evacuation of an epidural and subdural hematoma. A right 
temporal lobe lobectomy was performed. The night after 
surgery, ventricular tachycardia and ventricular fibrillation 
developed. After successful resuscitation, he was given li- 
docaine for the ventricular arrhythmia and phenytoin for 
seizure disorder. The patient remained unconscious and 
required an artificial respirator. On April 24, he had pulsus 
alternans: the blood pressures of the strong and weak beats 
were 130/80 and 75/50 mm Hg, respectively. The electro- 
cardiogram showed sinus rhythm at the rate of 98 beats/min, 
diffuse T-wave inversion and marked U-wave alternans (Fig. 
1). M-mode echocardiography showed alternating amplitude 
on contraction of the left ventricular posterior wall and 
ventricular septum. The left ventricular end-diastolic di- 
ameters before the strong and weak beats were 5.8 and 5.4 cm, 
respectively. The corresponding end-systolic diameters were 
4.9 and 4.9 cm, respectively. The thickness of the left ven- 

tricular posterior wall at end-diastole before the weak beat 
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FIGURE 1. Simultaneous leads 1 to 3 of the electrocardiogram show 
sinus rhythm, diffuse T-wave inversion and U-wave alternans. 
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was slightly increased compared with the strong beat. An 
electrocardiogram taken simultaneously showed a large U 
wave after each strong contraction (Fig. 2). The arterial pH 
was 7.65, PCO» was 20 mm Hg, serum sodium was 1 26 mEq/ 


liter, potassium 4.1 mEq/liter and chloride 91 mEq/liter. The E : 


central venous pressure was <5 cm H30. After intravenous 
administration of 2,000 ml of 396 sodium chloride, serum 
sodium and chloride returned to normal and hypovolemia 
was corrected. Pulsus and U-wave alternans disappeared on 
April 28. 


Pulsus and U-wave alternans after an extrasystole . 
were first reported by Eyer in 10 patients observed in — . 


the catheterization laboratory. He stated that this 
finding was a valuable sign of heart failure. The present 
patient did not have a history of heart disease and there 
was no evidence of congestive heart failure. The diffuse 
T-wave inversion may have represented the frequently 
observed electrocardiographic changes seen in patients 
with intracranial lesion.? 

U-wave alternans was reported to occur in patients 
with hypochloremic and hypokalemic alkalosis? and 
increased ventricular irritability.* Hence, the cause of 
U-wave alternans in the present patient may have been 
due to hyponatremia and hypochloremia with alkalosis, 
which followed head trauma, although the exact 
mechanism is not clear. Ventricular irritability may be 
the result, rather than the cause, of the U-wave alter- 
nans. Concomitant pulsus alternans is probably due to 
associated hypovolemia, because decreased ventricular 
end-diastolic volume has been reported as a contribu- 
tory factor of pulsus alternans.? 
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FIGURE 2. M-mode echocardiogram shows alternating strong and weak 
contraction of the interventricular septum and the left ventricular pos- 
terior wall. Simultaneously recorded electrocardiogram shows U-wave 





alternans and ће larger-U wave followed a strong contraction. Carotid — 


pulse (center) also shows pulsus alternans. 
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Study of Wolff-Parkinson-White 
Syndrome by Transesophageal Pacing 
and Assessment of Long-Term 
Amiodarone Therapy 


MARIO D. GONZALEZ, MD 
RAUL H. GUILLEN, MD 
OSCAR A. PELLIZZON, MD 
ELSA C. RAIMONDI, MD 


E- Transesophageal atrial pacing has been used for the 


induction of supraventricular tachycardia (SV'T) for 
diagnostic and therapeutic purposes.! Recently, Critelli 


et al? evaluated in 5 patients with the Wolff-Parkin- 


son-White (WPW) syndrome, the effect of amiodarone 


` administered during 1 month on induced atrial fibril- 


lation and on the shortest cycle length with a 1:1 atrio- 
ventricular (AV) conduction over the accessory path- 
way. When an antiarrhythmic drug is administered, it 
is necessary to study the maximal response when 
steady-state tissue concentrations are reached. For this 
(00, 1 A Nen ESSO EL E A DOE EY С Ма ГАР ТАА V 
From the Centro de Electrocardiografia, Hospital Centenario, Urquiza 
3100, 2000, Catedra de Cardiologia, Universidad Nacional de Rosario, 
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TABLE I 
Parkinson-White Syndrome 


reason, amiodarone, which has an estimated half-life of 
about 40 days, should be evaluated after at least 2 or 3 
half-lives. This report analyzes the use of trans- 
esophageal atrial pacing in the study of patients with 
WPW syndrome and the repeated assessment of the 
efficacy of long-term amiodarone administration. 


The study group consisted of 10 patients with WPW syn- 
drome. The clinical and electrocardiographic features of the 
patients are summarized in Table I. In patients 3 and 4, the 
WPW pattern had disappeared 12 and 5 months before the 
study, respectively. | 

The patients were studied using the transesophageal atrial 
pacing technique. Transesophageal stimulation was per- 
formed by means of a stimulator capable of delivering a 
constant-current square wave pulse. The pulse duration was 
9.9 ms and the current strength required for a stable capture 
ranged from 15 to 30 mA. All studies were performed with 
resuscitative equipment readily available. The effective re- 
fractory period of the accessory pathway was determined 
using the extrastimulus method.? Single premature stimuli 
were delivered during spontaneous sinus rhythm and during 
atrial pacing at 3 basic cycle lengths (generally between 800 
and 500 ms). The shortest refractory period obtained from 
the accessory pathway was taken as representative of each 
study. Decremental atrial pacing was performed until block 
appeared in the accessory pathway to determine the shortest 
cycle length with 1:1 AV conduction over the accessory 
pathway.? In each patient we tried to induce and terminate 
SVT 2 or more times by delivering extrastimuli or using rapid 


Clinical and Electrocardiographic Features in 10 Patients with Wolff- 
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Symptoms 
Age (yr) Syncopeor Chest Spontaneous 
Pt &Sex Diagnosis Palpitations Presyncope Pain Dyspnea Arrhythmia 
1 28M WPW type B + 0 0 0 — 
2 50F WPW type A + 0 0 0 SVT 
3 69M Latent T 0 0 + SVT; AFL 
WPW type A 
4 42M Latent + 0 + 0 SVT 
WPW type A 
CCHM 
5 52M WPW type A + 0 0 0 SVT 
CCHM 
6 62F WPW type A + 0 + SVT; AFL; AFL 
congestive 
cardiomyopathy 
7 51F WPW type A + + 0 0 — 
8 35M WPW type A + 0 + 0 АЕ 
9 1ЗЕ WPW type A + + 0 0 AF 
10 26M WPW type B + 0 0 0 AF 


AF = atrial fibrillation; AFL = atrial flutter; CCHM = Chronic chagasic myocarditis; SVT = supraven- 
tricular tachycardia; WPW = Wolff-Parkinson-White syndrome; + = present; 0 = absent; — = no infor- 


mation available. 


atrial pacing." During tachycardia the RR, RP and PR in- 
tervals were measured using the esophageal lead.* The sinus 
node function was evaluated by determining the maximal 
corrected sinus node recovery time after atrial overdrive 
pacing for periods of 2 minutes at lengths of 400, 500, 600,700, 
- 800, 900 and 1,000 ms when the spontaneous cycle lengths 
allowed. 

The studies were repeated in 7 patients after receiving 
amiodarone in doses of 400 to 800 mg/day (mean 600) during 
8 to 52 weeks (mean 22 + 17). 

A statistical analysis was performed with a Student t test 
for paired data in which differences were considered signif- 
icant when p was «0.05. Values are expressed as mean + 
standard deviation. 

Transesophageal atrial pacing unmasked a WPW syn- 
drome in 2 patients (patients 3 and 4). In both patients the 
vagal stimulation and isoproterenol administration were 
ineffective in bringing out the ventricular preexcitation (Fig. 
1).5 The anterograde effective refractory period of the ac- 
cessory pathway ranged from 225 to 400 ms with a mean 
value of 318 ms. The shortest cycle length with 1:1 AV con- 
duction over the accessory pathway ranged between 220 and 
500 ms (Table II). SVT was induced in 6 patients, including 
1 without previously documented arrhythmia (Table II, Fig. 
2). During SVT, the 6 patients had an RP interval longer 
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than 70 ms? (range 80 to 220). In 5 of 5 patients with atrial 
flutter fibrillation documented before the study, the same 
arrhythmia was induced during decremental atrial pacing. 
In 4 patients the induced atrial flutter-fibrillation reverted 
spontaneously into sinus rhythm and in 1 patient after ad- 
ministration of intravenous flecainide. The maximal cor- 
rected sinus node recovery times were within normal limits 
(Table II). 

Amiodarone administration prolonged the effective re- 
fractory period of the accessory pathway in all patients from 
315 + 44 to 576 + 148 ms (p «0.005) (Fig. 3). The shortest 
cycle length with 1:1 AV conduction over the accessory 
pathway also increased in all patients from less than 346 + 


77 to 621 + 99 ms (р «0.001) (Fig. 4). In 4 of 5 patients in _ 
whom SVT had been induced during the control study, this — 
arrhythmia could no longer be initiated while they were re- — 
ceiving amiodarone. In 1 of these patients (patient 3), SVT — 


was induced after 8 weeks of treatment, but arrhythmia 


could no longer be initiated after 14 weeks of amiodarone _ » 


therapy. In the patient in whom SVT could still be initiated 
after administration of amiodarone, the RR interval during 
tachycardia increased from 430 to 520 ms. Clinical follow-up 
(16 to 52 weeks) revealed spontaneous episodes of arrhyth- 
mia only in the patient in whom SVT could still be initiated 


during transesophageal pacing. The mean sinus cycle length — 
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500 240 
340 <300 320 

360 300 300 

320 370 200 
280 350 120 
320 280 200 

i 225 220 120 
275 280 100 
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cre ased from a control value of 906 + 126 to 989 + 148 ms 
`атїйагопе administration (difference not significant). 
imal corrected sinus node recovery times increased from 
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206 + 77 to 457 + 514 ms (difference not significant). Despite 


30€ 
the s nall effect of amiodarone on sinus node in the patients 


as a group, in 1 (patient 3) the drug markedly prolonged 
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Extrastimulus | 
SVT, AFL Atrial pacing 420 220 200 
extrastimulus 
SVT \trial pacing 400 180 220 
SVT Atrial pacing 320 80 240 
SVT, AF, AFL Atrial pacing 430 200 230 
extrastimulus 
SVT Atrial pacing 290 100 190 
AF Atrial pacing Ps LA АРА 
АЕ Atrial pacing ae wt. bie 
AF Atrial pacing , ER Jui 


АР = accessory pathway; CSNRTmax = maximal corrected sinus node recovery time; ERP = effective refractory period; other abbreviations 
n Table | 


the maximal corrected sinus node recovery time from 240 to 
1,600 ms. 1 

Peripheral neuropathy involving lower extremities and 
pulmonary infiltrates developed in 1 patient (patient 3) after 
13 weeks of receiving amiodarone, 800 mg/day, and resolved 
spontaneously when treatment was discontinued. 
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Our study shows that transesophageal atrial pacing 
is a relatively simple technique that allows measuring 
the duration of the anterograde effective refractory 
period of the accessory pathway and can be used to in- 
duce and terminate SVT in patients with WPW syn- 
drome. However, transesophageal pacing should be 
performed in a setting in which resuscitative procedures 
are readily available. The possibility of inducing atrial 
fibrillation with a very rapid ventricular response and 
even the occurrence of ventricular fibrillation cannot 
be ruled out. 

Transesophageal atrial pacing unmasked a ventric- 
ular preexcitation syndrome that was not apparent in 
2 patients." According to Wellens et al,’ the electro- 
cardiographic pattern of the WPW syndrome depends 
on many factors including location of the accessory 
pathway, intraatrial conduction time, and conduction 
time over the accessory and normal pathways. Fur- 
thermore, the mismatch impedance can also play an 
important role in conduction over the accessory path- 
way. Probably the transesophageal atrial stimulation 
brought out the evidence of ventricular preexcitation 
due to the proximity of the stimulation electrode to the 
atrial insertion of the accessory pathway. These 2 cases 
should not be confused with the concealed ventricular 
preexcitation by great prolongation of the anterograde 
refractory period of the accessory pathway that can be 
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` unmasked by vagal maneuvers or isoproterenol ad- 


ministration.? In our patients, these methods were in- 
effective and the refractoriness of the accessory pathway 
was shorter than the spontaneous sinus cycle length in 
both patients. 

The prolonged administration of amiodarone sig- 
nificantly increased the duration of the anterograde 
refractoriness of the accessory pathway.? Furthermore, 
the drug was effective in preventing the reproduction 
of SVT in 4 of 5 patients in whom this arrhythmia had 
been repeatedly induced before amiodarone adminis- 
tration. The great efficacy of amiodarone in our patients 
may be based on the use of relatively large doses during 
prolonged periods (mean 22 weeks). 
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Left Atrial-Pulmonary Artery Wedge 
Pressure Relation: Effect of Elevated 
Pulmonary Vascular Resistance 


RICHARD |. LEVIN, MD 
EPHRAIM GLASSMAN, MD 


Numerous studies have confirmed the pulmonary artery 
wedge (PAW)-left atrial (LA) pressure relation in pa- 


. tients with a variety of cardiac and pulmonary diseas- 


es. It has been assumed that as long as continuity of 
the fluid between the catheter tip in the PAW position 
and the LA is maintained, the PAW pressure will ade- 
quately reflect the LA pressure. However, the effect of 
the abnormal pulmonary vascular architecture, which 
is present in patients with chronically elevated pulmo- 
nary vascular resistance (PVR), on the PAW-LA pres- 
sure relation has not been well defined. Our study val- 
idates this relation in patients with abnormally elevated 
PVR. 


The computerized records of 10,000 catheterizations 
performed over a 10-year period identified 49 patients who 
had a PVR 22.5 and both PAW and LA pressures recorded. 
The LA pressure was recorded either through a transseptal 
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TABLE! Patient Characteristics 


catheter or a patent foramen ovale. PAW pressure was 
measured with either a Cournand or a Swan-Ganz catheter. 
The wedge position was confirmed by analysis of wave con- 
tour, fluoroscopic observation, blood gas analysis for oxygen 
saturation or a combination of these. Whenever practicable, 
PAW and LA pressure recordings were made simultaneously. 
While it is our impression that simultaneous pressure re- 
cordings were obtained in approximately 5095 of the pa- 
tients, this information was not recorded in the database and 
is uncertain. Cardiac output was determined by the Fick 
oxygen method. The formula used to calculate PVR (in Wood 
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FIGURE 1. Relation between mean left atrial (LA) and mean pulmonary 
artery wedge (PAW) pressures in patients with PVR 22.5 (mean + SD 
= 5.7 + 5.4). The formula for this curve of best fit is PAW pressure = 
0.9 X LA pressure + 4.4 (г = 0.84, p <0.001). 








Mean SD Minimum Maximum 
Age (years) 59 12 23 75 
Heart rate (beats/min) 85 19 50 130 
Cardiac output (l/min) 3.5 0.1 1.5 5.8 
PAS (тт Hg) 62 27 17 125 
LVED (mm Hg) 18 13 2 47 
PVR (Wood units) 5.7 5.4 2.5 33 
LA (mm Hg) 24 10 2 45 
PAW (mm Hg) 25 11 5 50 


N for each group = 49 except for LVED where n = 44. 
LA = left atrial pressure; LVED = left ventricular end-diastolic pressure; PAS = pulmonary artery systolic 
pressure; PAW = pulmonary artery wedge pressure; PVR = pulmonary vascular resistance; SD = standard 


deviation. 









units) is: PVR = PA — LA pressure/CO, where pressures are 
expressed in mm Hg and cardiac output in liters/min. Mul- 
tiple linear regression analysis was performed to determine 
whether any of the independent variables—age, heart rate, 
LA pressure, PVR, pulmonary artery systolic and diastolic 
pressures and cardiac output—were significantly related to 
the dependent variable, PAW pressure. 

The characteristics of the 49 patients who had elevated 
PVR and both LA and PAW pressures recorded are shown 
in Table I. Forty-nine percent were men and 51% were 
women. All patients had valvular heart disease. Diagnoses 
and their incidences were mitral regurgitation (28 patients), 
mitral stenosis (28 patients), aortic regurgitation (26 pa- 
tients), aortic stenosis (20 patients), atherosclerotic heart 
disease (16 patients) and mitral valve prolapse (1 patient). 
A mean of 2.5 diagnoses per patient was made. A multiple 
linear regression analysis showed that of the variables just 
listed, only the LA pressure correlated significantly with the 
PAW pressure. The curve of best fit for the LA-PAW pres- 
sure relation, as shown in Figure 1, was described by the 
formula: PAW pressure = 0.9 X LA pressure + 4.4 (P = 0.84, 
p «0.001). The PVR was unrelated to the PAW-LA pressure 
relation (г = 0.1). 


This study demonstrates that the excellent correla- 
tion between PAW and Г.А pressures noted in previous 
investigations! is not altered by the presence of severe 
elevations in PVR. While the correlation between PAW 
and LA pressures was excellent, some outlying points 
were noted (Fig. 1). The scatter in the data may be due 
in part to the fact that PAW and LA pressure recordings 
were not simultaneous in all patients. It is of interest 
that the patient who had the least similarity between 
PAW and ГА pressures (50 and 22 mm Hg, respectively) 





Relation of Body Habitus to the Severity 
of Mitral Stenosis in Women 


PASQUALE F. NESTICO, MD 
ABDULMASSIH S. ISKANDRIAN, MD 
A-HAMID HAKKI, MD 
DEMETRIOS KIMBIRIS, MD 
CHARLES E. BEMIS, MD 
BERNARD L. SEGAL, MD 


Wood described wasting and lean body weight in pa- 
tients with severe mitral stenosis (MS) who had con- 
gestive heart failure.» Cardiac cachexia has been at- 
tributed to the catabolic effect of congestive heart 
failure and to the increased work of breathing.? This 
report examines the relation between body habitus and 
the severity of MS in 79 women. 


Between January 1977 and June 1983, 79 women under- 
went cardiac catheterization at our institution and had pure 
or dominant MS. Men were excluded, as were all patients 
with moderate or severe mitral or aortic regurgitation, aortic 
stenosis, tricuspid valve disease, associated coronary artery 
disease and previous cardiac surgery. During the same pe- 
riod, 47 women with normal hemodynamic findings, normal 
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other four patients with PVR > 10 had PAW and LA  — 
measurements within 4 mm Hg of each other. ^ PNE 

The origin of an elevated PVR in the presence of - 
normal blood flow has not been completely defined, but _ 
is thought to be due to a combination of vessel obliter- — : 
ation, with abnormal histology in virtually every ele- — 
ment of the circulation, and vascular spasm.35 This — . 
marked alteration in architecture coupled with vaso- — 
spasm would be expected to change the rheologic - i EC 
properties of the pulmonary vascular system. Thus; ite a 
was of interest to determine if the change in fluid dy- | 
namics interferes with the PAW-LA pressure relation. 
This study suggests that the material alterations of the _ 
vessels occurring in elevated PVR do not significantly __ 
interfere with pressure transmission. Although this | 4 
study was composed of patients with valvular and | T 
ischemic heart disease studied in the catheterization © d Mg 
laboratory, it is likely that the PAW-LA pressure rela- — 
tion is valid for other groups with elevated PVR as үз. | 
as controlled respiration with positive end- ехрїга 
pressure is not present. 
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coronary arteriography and no valvular heart disease un- _ 
derwent cardiac catheterization and these normal women 
served as control subjects. 

Each patient underwent combined left- and right-sided 
cardiac catheterization. Simultaneous left ventricular and — 
pulmonary artery wedge pressures were recorded. Cardiac 
output was measured by the Fick method. Each patient also — 
underwent left ventriculography, aortography and selective 
coronary arteriography. The mitral valve area was calculated 
by the Gorlin formula.* The diastolic filling period was — 
measured between the crossover points of the pulmonary 
artery wedge and the ventricular pressure tracings. 
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TABLE! Relevant Data іп Women with Mitral Stenosis 
and in Control Subjects 


Mitral Stenosis Control Subjects 


(n = 74) (n = 47) 
Mean + SD Mean + SD p 
Age (years) 52 + 13 56 + 12 NS 
BSA (M?) 1.65 + 0.19 1.76 + 0.9 «0.003 . 
Weight (pounds) 140 + 32 161 + 38 0.0009 _ 
Height (inches) 63.6 + 3.2 63.5 + 2.4 NS E 
WT/HT 2A 05 2,5:2E:0:6 0.0005 2 
(pounds/inches) + 
Body mass index E 
(kg/M'-5) 31.0 + 6.8 35.8 + 8.0 0.0004 . 
PAW-LV A Hg) 15 +7 3 
MVA (cm^) 1.20 + 0.62 » 
MVA index (cm?/M?) 0.73 + 0.41 p 
ў 


BSA = body surface area; НТ = height; MVA = mitral valve а s 
bs — not significant; PAW-LV — mean diastolic pressure eeu ie 


deviation; WT: үт = weight. — ў.: 
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FIGURE 1. Correlation between body weight and (A) mitral valve area, (B) cardiac output and (C) mean diastolic pressure gradient across the mitral 


valve (PAW-LV). 


The body mass index? was derived as follows: w/h1-5, where 
ш = weight (in kilograms) and h equals height (in meters) 
to the power function of 1.5. 

Data are presented as mean + standard deviation. The 
significance of group differences was compared by analysis 
of variance with the UCLA-BMDP statistical package. The 
chi-square test (Yates-corrected) was used to assess the 
differences in different groups. Linear regression analysis 
was used to assess the relation between two variables. The 
level of statistical significance was p «0.05. 

The patients were 26 to 75 years old (mean 52). They 
weighed 83 to 299 pounds (mean 139 + 33). The body surface 
area ranged from 1.17 to 2.35 m? (1.6 + 0.19). The weight- 
to-height ratio ranged from 1.33 to 4.54 pounds/inch (2.19 
+ 0.50). The body-mass index ranged between 18.5 and 62.6 
kg/m V5 (31.0 + 6.8). The pertinent hemodynamic data are 
listed in Table I. 
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FIGURE 2. Severity of mitral stenosis in patients with different body 
habitus. BSA = body surface area; MVA = mitral valve area; WT = body 
weight; WT/HT - ratio of wee to height; WT/HT'-5 = body mass 
index. 


Compared to patients with MS, control women had higher 
body weight, body surface area, weight-to-height ratio and 
body mass index. Body weight correlated weakly but signif- 
icantly with cardiac output and mitral valve area, and in- 
versely but insignificantly with mean pressure gradient 
across the mitral valve (Fig. 1). The lack of a close correlation 
between the body weight and the severity of MS may be due 
to the wide variation in cardiac output and pressure differ- 
ence across the mitral valve among patients with lean body 
habitus. The relation between the body habitus and the 
severity of MS is shown in Figure 2. No correlation exis- 
ted between body weight and mitral valve area index 
(r = 0.06). 


This study was retrospective and, thus, may not 
provide an explanation of the mechanism of the relation 
between severity of MS and body habitus. It is not 
known whether severe MS results in weight loss caused 
by cachexia of cardiac disease or simply that overweight 
women with MS may be symptomatic early in the 
course of the disease. Because obesity involves an in- 
crease in body surface area and an increase in flow, this 
may result in an increase in transvalvular gradient and 
pulmonary venous pressure, and hence more severe 
symptoms. According to the Gorlin formula, a 50% in- 
crease in cardiac output may result in a more than 200% 
increase in the transvalvular gradient. On the other 
hand, weight loss may result in lower cardiac output and 
transvalvular pressure gradient, although the anatomic 
severity of MS remains the same. Our results show that 
body weight was related to cardiac output and mitral 
valve area, but not to mitral valve area index. 

Thus, women who weigh 150 pounds or more, or who 
have a body surface area of 1.75 m? or more or body 
mass index of 33 kg/m! or more, seldom have severe 
MS. The MS in these patients is more likely to be mild 
or moderate. Conversely, the severity of MS cannot be 
predicted in women with lean body habitus. 


Acknowledgment: We thank Eric M. Umile and Angela 
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Patent Ductus Arteriosus, Atrial Septal 
Defect and Branch Pulmonary Artery 
Stenosis: A Possible New Syndrome 
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This report describes 3 family members affected by a 
constellation of congenital heart defects with possible 
autosomal dominant transmission. 


Patient 1: The proband was a 9-month-old girl referred 
for evaluation of congestive heart failure and associated poor 
weight gain. She was acyanotic and had no dysmorphic fea- 
tures. Physical examination was consistent with patent 
ductus arteriosus (DA). Cardiac catheterization showed 
left-to-right shunting at both atrial and great artery levels 
with a pulmonary-to-systemic blood flow ratio of 2.6:1. There 
was evidence of branch pulmonary artery (PA) stenosis; the 
systolic pressure in the right ventricle was 70% more than 
that in the left ventricle. Angiograms showed a secundum 
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FIGURE 1. Angiogram after injection of contrast material in the main 
+ apg artery of patient 1 shows marked stenosis at the origin of 
left alo pulp nary aton (arrow). 
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atrial septal defect (ASD) and bilateral branch PA stenosis 
with a discrete region of severe stenosis of the left PA (Fig. 
1). The distal left PA was hypoplastic. The DA was patent _ 
and a large ductal aneurysm was present (Fig. 2). The pa- 
tient underwent ligation of the DA, closure of the ASD and 
patch angioplasty of the left PA. 

Patient 2: The brother of patient 1 developed symptoms  . 
of congestive heart failure at 3 months of age. Cardiac cath- — 
eterization showed an ASD, a discrete stenosis at the origin — — 
of the left PA and a dilated and patent DA. ET 

Patient 3: The 27-year-old mother of patients 1 апа 2 
underwent repair of a patent DA and closure of an ASD at | 
2 years of age. She was entirely asymptomatic. Physical ex- — 
amination was normal except for a short, grade 2/6 systolic — — 
murmur at the left sternal border that radiated well to — 
the back and was consistent with peripheral pulmonary — . 
stenosis. 

An extensive review of the family history showed no other 
known cases of congenital heart disease. There was no evi- 
dence of other dysmorphic features such as dislocated lenses, 
hyperextensible joints, excessive stretchability of the shin 
or Marfan habitus in any of the patients or other family 
members. 





The presence of both discrete stenosis at the origin - 
of the left PA and DA aneurysm is of interest because 
the proximal left РА is derived from the proximal left 
sixth aortic arch and the DA is derived from the distal 
left sixth arch. Although this does not explain the 
presence of the ASD, it is possible that an abnormality 
of the left sixth aortic arch resulted in at least some of 
the defects in these patients. 

The occurrence of these congenital heart defects in 
a mother and both of her children is suggestive of an 
autosomal dominant mode of inheritance, although 
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FIGURE 2. Sixty-degree left anterior oblique view of the aortogram in 
~ patient 1 shows an aneurysm of the ductus arteriosus (arrow). 
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multifactorial inheritance could be an alternative mode 
of transmission. Although a familial tendency consistent 
with autosomal dominant inheritance for patent DA!? 
апа ASD?^ has been reported, we are unaware of other 
families with the particular constellation of defects 
described here. Thus, this condition may be a new 
syndrome. 
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Recanalization of a Blalock-Taussig 
Anastomosis Eight Years After Repair 
of Tetralogy of Fallot 


DELORES DANILOWICZ, MD 
CHARLES HUNTER, MD 
GEORGE REED, MD* 


The Blalock-Taussig (B-T) anastomosis (subclavian 
artery to pulmonary artery) is the most common 
aortopulmonary shunt performed for palliation of cy- 
anotic congenital heart disease. At subsequent opera- 
tion, this shunt is usually ligated and remains closed 
thereafter.!2 We report a case in which a boy who had 
a left B- T anastomosis at 15 months of age had a new 
continuous murmur at 10 years of age. 


The patient was first seen at 3 months of age with a holo- 
systolic precordial murmur. A left-to-right shunt was found 
at the ventricular level with mild right ventricular (RV) 
outflow obstruction and no patent ductus arteriosus. Repeat 
catheterization at 11 months of age showed a severe RV 
outflow obstruction with mild aortic desaturation. His first 
cyanotic spell occurred at 1 year of age. An elective left B-T 
anastomosis was performed, but a good continuous murmur 
was never heard and the child continued to have spells after 
discharge. Propranolol therapy was started; improvement 
was minimal and a total repair of the tetralogy of Fallot was 
performed at 18 months of age. Resection of the outflow ob- 
struction, pulmonary valvulotomy, freeing of a fibrous ridge 
above the valve and patching of the pulmonary trunk were 
performed. No patch was needed across the anulus and there 
was a «10 mm Hg gradient between the right ventricle and 
pulmonary artery after the bypass. The operative note 
stated, “... even though we had no clinical evidence of a 
functioning ductus or Blalock shunt, I opened the left pleural 
space and dissected out the left subclavian artery which was 
flaccid without flow through it or thrombus in it. This was 
ligated without affecting the pressures." The child did well 
postoperatively and was discharged with a 2/6 systolic 
murmur heard along the left sternal border. He was read- 
mitted at 6 years of age for postoperative study. Exercise 
tolerance was normal and there was no dysrhythmia. The 
catheterization showed no left-to-right shunt according to 
oximetry, hydrogen arrival time in the pulmonary artery or 
angiography from the left ventricle. There was a 16 mm Hg 
gradient between the right ventricle and pulmonary artery 
with no pulmonary regurgitation. At about 8 years of age, the 
boy complained of nonspecific chest pain but his physical 





From the Departments of Pediatrics and Surgery, New York University 
Medical Center, New York, New York 10016. Manuscript received 
August 20, 1984; revised manuscript received November 9, 1984, 
accepted November 12, 1984. 

6 * Dr. Reed's present address: Westchester County Medical Center, 
. . Valhalla, New York. 


examination was unchanged. At 10 years of age, he was again 
seen for the chest pain and although the chest x-ray and 
electrocardiogram were unchanged, a new continuous mur- 
mur was heard along with the systolic ejection murmur that 
had been present since the operation. An echocardiogram 
with Doppler flow study was consistent with patent ductus 
arteriosus and a repeat cardiac catheterization showed a 
patent left B- T anastomosis (Fig. 1) but no increase in oxi- 
metry. Hydrogen arrival time in the pulmonary artery was 
early, confirming the left-to-right shunt. At operation done 
through a left thoracotomy, a subclavian artery, 10 mm in 
diameter, was isolated at the aortic end, doubly ligated with 
heavy black silk and clamped with a silver clip between the 
ligatures. Black silk could be seen at the pulmonary artery 
end of the B-T but this area was not dissected. The thrill and 
murmur disappeared. Sternal wires from the midsternotomy 
incision were removed and the patient's postoperative course 
was unremarkable. 


The problem of taking down an aortopulmonary 
anastomosis has received a great deal of attention.2~4 
Several reports have shown residual shunts in the early 
postoperative catheterization, especially after at- 
tempted takedown of a Potts anastomosis. None had 
evidence of recurrence of a shunt that had been absent. 
Because of dense adhesions near the site of the anas- 
tomosis and the increase in bronchial collateral circu- 
lation, the B-T is often ligated at the site of the sub- 
clavian origin from the aorta to avoid hemorrhage. 

Although ligation of a ductus was followed by re- 
canalization in early experience with ductal surgery and 





FIGURE 1. Angiogram of the aortic arch shows filling of the arch, the 
left subclavian artery that forms a smooth loop and fills the pulmonary 
artery circulation. = — ! | i 
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more recently in the premature infant undergoing 
simple ligation,’ we found no reference to a late, doc- 
umented recanalization of a B- T anastomosis. Its oc- 
currence was particularly impressive in this boy because 
his shunt never functioned well and this led to early 
repair of the tetralogy. The recurrence of a ductus after 
ligation is usually thought to be due to cutting through 
by the ligature followed by a false aneurysm forming 
between the 2 ends. This was not present in this case 
and the anastomosis appeared to have little distortion 
on the angiogram. Because the left subclavian artery 
was used, the possibility of *kinking" of the shunt exists 
with obstruction of flow but perhaps without throm- 
Бойс occlusion. Аз growth occurred, the kinking of the 
artery may have disappeared with resultant flow 
through the shunt. It remains of interest, however, that 
ligation was performed at the time of total repair and 
apparently the ligature slipped and loosened. The last 
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operation was done using double ligation plus place- · 
ment of a silver clip to make sure the shunt would not - 
recur. It appears that recanalization of a B-T anasto- - 
mosis is rare, but it seems best to use more than а sim- - 
ple ligation to effect closure of the shunt at the time of 


repair. 
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Successful Dilatation of a Stenotic 
Blalock-Taussig Anastomosis 
by Percutaneous Transluminal 

Balloon Angioplasty 


DONALD R. FISCHER, MD 
SANG C. PARK, MD 
WILLIAM H. NECHES, MD 
LEE B. BEERMAN, MD 
FREDERICK J. FRICKER, MD 
ROBERT A. MATHEWS, MD 
JAMES R. ZUBERBUHLER, MD 
ANNE L. WEDEMEYER, MD 


In recent years, the technique of percutaneous tran- 
sluminal balloon angioplasty has been applied to pa- 
tients with congenital heart disease. Lesions that have 
been successfully treated by this technique include 
pulmonary valvular stenosis,'? aortic valvular stenosis;? 
coarctation of the aorta*? and restenosis of coarctation 
of the aorta after previous surgical repair. We describe 
the successful use of this procedure in dilating a severely 
stenotic Blalock-Taussig (B-T) systemic-to-pulmonary 
artery (PA) anastomosis in a patient whose complex 
cyanotic heart malformation was not amenable to sur- 
gical correction. 


A 4-year-old white boy presented with cyanosis as a new- 
born. Cardiac catheterization demonstrated mirror image 
dextrocardia, asymmetric ventricular chambers, a ventric- 
ular septal defect, a right aortic arch and pulmonic valvular 
and subvalvular stenosis. Because his cyanosis had increased 
by 8 months of age, a left-sided B-T shunt was created by 
direct anastomosis of the left subclavian artery to the side 
of the left PA. His color improved and he subsequently 
achieved normal mental and motor development despite slow 
growth. At 4 years of age he developed hypercyanotic epi- 
sodes, which were initially controlled by treatment with 
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propranolol. His cyanosis progressively increased and car- — 
diac catheterization was performed to evaluate the anatomic 
abnormality for possible intracardiac repair. He was a — 
markedly cyanotic child weighing 13 kg. The apical impulse 


was on the right side of the chest with a normal first heart 
sound and a single second heart sound. There was a grade 2/6 


harsh systolic ejection murmur heard best at the mid-right _ 


sternal border; it radiated to the upper left sternal border 
and back. Intermittently, a grade 1/6 continuous murmur 
in the left axilla was heard. There was moderate nailbed 
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clubbing and normal pulses in all extremities with the ex- _ 


ception of an absent left brachial pulse. Chest x-ray showed 
dextrocardia with situs inversus and normal to decreased 


pulmonary vascular markings. Electrocardiogram showed 


a superior axis and right ventricular hypertrophy. Hemo- 
globin was 18 g/dl with a hematocrit of 58%. Cardiac cathe- 


terization and angiocardiography demonstrated complete | 


atrioventricular septal defect with preferential emptying of 
the common atrioventricular valve into the right ventricle. 
Both great arteries arose from the right ventricle indicating 


a double outlet right ventricle. There was significant hypo- 
plasia of the left ventricle. Severe valvular and subvalvular . 


pulmonic stenosis was present, but anterograde flow was seen 
into the PA. There was severe stenosis at the anastomotic site 
of the left B-T shunt with a tiny “jet” of contrast medium 
passing through the shunt into the left PA (Fig. 1A). 


The patient was sedated with a combination of meperi- 


dine, promethazine and chlorpromazine before the proce- 
dure, which was performed in the cardiac catheterization 
laboratory using local anesthesia. An operating room was 
available on standby basis along with surgical and anesthesia 
personnel. The patient was given 100 units/kg of heparin 
intravenously before catheter insertion. A 6 Fr arterial 
sheath was inserted percutaneously into the left femoral 


artery and a no. 6 Lehman catheter was passed retrograde _ 


to the area of the aortic arch. The catheter was advanced into 


the B-T shunt using a curved wire. A 200 cm, 0.035 inch di- _ 


ameter guidewire was passed through the end hole catheter, 
through the area of stenosis and into a distal branch of the 
left PA. The catheter and sheath were then removed with the 
guidewire left in place. A 7 Fr balloon dilatation (Meditech) 


catheter with a balloon diameter of 4 mm was then inserted | 
over the wire and advanced into the left PA through the B-T _ 
shunt so that the midsection of the balloon was at the point + 
of stenosis. The balloon was inflated to a maximal inflation © 
pressure of 100 psi for 10 seconds. This balloon catheter was — 


replaced with a 7 Fr balloon angioplasty catheter with a 615 


Ж ай% Te Бе бене Т RTE PEE NES LT TROT PS ТУ NUI PY ay e EC TB ES тт рти LO AE AY I тее 
7: GEF. BREF EFOR S TOIT eee Т ЖЕТИЛЕТ ТҮН aN ee ae eee ee 
| i i ' a dE =) - ыма АА АК A ч. 1р SO E I UM SS PU rr EM ЧЧ. DU E А, 
e ч > „к ^ | y pl ^h " 


= 
B "^M 
к, 


F, 
м 


= 
Y^ 


~ mm external balloon diameter. Balloon dilatation was per- 
А formed in the same fashion on 3 separate occasions (Fig. 1B). 
_ There was no accompanying change in the patient's heart 
_ rate or rhythm. The balloon catheter was removed and repeat 
- angiography performed. At the end of the procedure the 
` catheter was removed and hemostasis achieved with firm 
` hand pressure. Pulses were easily palpable afterwards and 
E the child was able to be discharged on the following day. 
— (Systemic arterial oxygen saturation after balloon dilata- 
- tion with the 6 mm balloon catheter increased from 68% to 
ч 80%. After completion of the balloon dilatations, a repeat 
- angiogram documented improved pulmonary flow to both 
— lungs through the shunt and the diameter of the anastomotic 
` site increased from 1 to 3 mm (Fig. 1C). There was no ex- 
— travasation of contrast medium outside of the vascular bed. 
` Immediately after the procedure a grade 3/6 continuous 
murmur was easily heard and the patient's color was sig- 
nificantly improved. Two months after the procedure his 
color and murmur remain unchanged. 
. Balloon angioplasty was successfully used in this 
- patient to improve pulmonary blood flow by dilatation 
` of a stenotic surgical anastomosis. Surgical manage- 
. ment—creating an additional systemic-to-PA anasto- 
5 mosis—could have been performed successfully on this 
` patient, but balloon angioplasty had the advantage of 
_ decreased patient pain and morbidity, decreased length 
- of hospital stay and decreased medical cost. This pro- 
cedure would have been unnecessary had the patient 
_ been a candidate for operative repair; however, his in- 
. tracardiac anatomy with a hypoplastic left ventricle 
. made intracardiac repair untenable. This patient had 
- the advantage of having anterograde flow across his 
` right ventricular outflow tract, which allowed the pul- 
 monary bed to be perfused during the balloon dilata- 
tion. This allowed the procedure to be performed more 
safely than if pulmonary flow had been entirely de- 
pendent on the shunt. 
Аз expected, maneuvering the catheter through the 
- B-T shunt was technically more difficult than we had 
- found previously in passing an angioplasty catheter 
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FIGURE 1. A, angiographic injection 
into the left subclavian artery before 
balloon dilatation demonstrates marked 
narrowing of the anastomotic site of the 
Blalock-Taussig shunt. B, position of 6 
mm balloon dilatation catheter during 
inflation. C, angiographic injection into 
the left subclavian artery after balloon 
dilatation shows relief of stenosis at the 
anastomotic site and improvement in 
pulmonary flow. 


across a stenotic pulmonary valve. The use of a sharply 
curved Lehman catheter facilitated the passage of the 
catheter at an acute angle around the aortic arch and 
into the subclavian artery. A curved wire then traversed 
the anastomotic site with little difficulty. Passage of the 
dilatation catheter through the stenotic region was 
achieved with constant gentle pressure. The initial 
balloon size of 4 mm was chosen because it corresponded 
to the size of the shunt just proximal to the area of ste- 
nosis. This balloon did not produce a satisfactory result; 
therefore, repeat dilatation was performed with the next 
larger sized catheter. Kan et al? have previously re- 
ported that a balloon diameter equal to or greater than 
the dimension of the pulmonary valve anulus was more 
successful in pulmonary valve dilatation than smaller 
caliber balloons. Our experience would suggest that a 
balloon 2 mm larger than the vessel can be tolerated and 
is effective. The stenotic lesion in this circumstance is 
analogous to restenosis of coarctation of the aorta, which 
can occur after primary resection and end-to-end 
anastomosis. Both lesions are probably due to the de- 
velopment of a “scar” at the vascular anastomotic site 
that is amenable to dilatation. The mechanism of 
achieving this result is not clear but the possibility of 
disrupting the media of the artery and causing eventual 
aneurysm formation must be considered. 
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Ventricular hypoplasia is well recognized in conditions 
such as pulmonary atresia with intact ventricular sep- 


tum or the so-called “hypoplastic left ventricle syn- — 
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drome.” It is also well established that ventricles are 
generally hypoplastic when 1 of the components is to- 
tally lacking, as when the inlet component is lacking 
from the rudimentary right ventricle in classical tri- 
cuspid atresia and double-inlet left ventricle. However, 
differential hypoplasia of an apical trabecular compo- 
nent, that part which gives a ventricular chamber its 
characteristic morphologically rightness or leftness, is 
less well recognized. This theme has recently been de- 
veloped by Freedom et al,! who described 3 cases of 
virtual absence of the right ventricular (RV) trabecular 
component. Some cases described by Van der Hauwaert 
et al? with “sausage-shaped” right ventricles can also 
be considered in this category. We have encountered a 
patient with this entity. 


A 45-year-old woman was admitted to her local hospital 
in April 1980 with a short history of exertional dyspnea and 
ankle edema. The patient was treated with anticoagulant 
and diuretic drugs. Symptoms initially improved, but over 
the next 12 months dyspnea progressed and tachyarrhyth- 
mias developed. In April 1981, she was referred to the 
Brompton Hospital. At this time, her exercise tolerance was 
100 to 200 yards on the flat or a single flight of stairs, but the 
tachyarrhythmias had been controlled by disopyramide. On 
examination, she was peripherally cyanotic but had no 
clubbing. Pulse was regular at 80 beats/min with a normal 
waveform. Blood pressure was 140/100 mm Hg. Central ve- 
nous pressure was elevated by 10 cm, with A and V waves. 
There was a prominent right parasternal heave. She had a 
pansystolic murmur, which was loudest at the left sternal 
edge, with an added third heart sound. 

Urea, electrolytes and hemoglobin levels were all normal. 
The electrocardiogram showed sinus rhythm. There were P 
pulmonale waves on the electrocardiogram with additional 
evidence of left atrial delay on the basis of the terminal vector 
in lead V4. Lateral ST-T wave depression and inferior T/ 
wave inversion were present. On radiography, the heart was 
minimally enlarged (cardiothoracic ratio 17/30) and the 
pulmonary arteries were reduced in size. Both M-mode and 
cross-sectional echocardiographic studies were inconclusive. 
During catheterization, there was no evidence of intracardiac 
shunting. Angiocardiographic injection into the left ven- 
tricular cavity showed a small ventricle that contracted well, 
but with severe mitral regurgitation. Injection into the right 
atrium showed an enlarged right atrial cavity and a hypo- 
plastic smooth-walled RV cavity with virtual absence of the 
apical trabecular component. The typical coarse apical 
trabeculations were totally lacking (Fig. 1a). The tricuspid 
valve was located in its normal position. 

The patient was discharged on treatment with diuretic 
drugs and disopyramide and followed-up at regular intervals. 
Over the next 2 years she remained asymptomatic, but in 
December 1982 again became breathless and had signs of 
right-sided heart failure. She had fatal cardiac arrest. Au- 
topsy confirmed virtual absence of any apical trabecular 
component within the right ventricle, which was merely a 
smooth "conduit" made up of inlet and outlet components. 


The concept of a ventricle having 3 components 
(inlet, apical trabecular and outlet portions) rather than 
the traditional “sinus” and “conus” is relatively new, 
having been introduced by Goor and Lillehei.? Anderson 
et al^ showed the advantage of this method in analyzing 
hearts with their atrial chambers connected to only 
1 ventricle, while Freedom et al! demonstrated its 
e in the overall analysis of congenitally malformed 
| earts. 


м к Ж, - M oH US T 
dg. Mei A. Re Ft — 2. APT 2 i zh э 1214 RARE "os" ` O Г? ор, 0 


In light of this tripartite concept for ventricular di- _ 
vision, it is easy to describe the present case as almost _ 
total absence of the characteristically coarse trabecular _ 
component of the right ventricle. It is this component _ 
that gives the normal right ventricle its morphologic — 


pattern, and, because of its absence, the ventricle in this 
case has asmooth appearance. The chamber is in effect 
composed of only the ventricular inlet and outlet com- 
ponents that form a conduit between the normally po- 
sitioned tricuspid and pulmonary valves. Analysis of — 
previously described cases of RV hypoplasia shows that — 
some of these hearts can also be readily described as ~ 
isolated hypoplasia of the RV trabecular component. 
Freedom et al! described 3 such cases in infants, and 
some of the cases described by Van der Hauwaert et al? 


can also be considered in this category. However, when _ 


Van der Hauwaert’s patients were reviewed, several had _ 


not undergone angiocardiography and many had asso- | d 


ciated tricuspid valve abnormalities. There were no 
documented cases of clear-cut RV trabecular hypoplasia 


in adults. The conclusive differentiating feature from _ 


Ebstein's malformation is the normal attachment of the 
tricuspid valve leaflets in isolated hypoplasia of the RV 
component. 
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FIGURE 1. Right atrial angiogram in frontal projection (a) and compared 
with the autopsy specimen (b), which has been dissected so as to be _ 
viewed in comparable orientation. Note the almost total lack of any _ 
apical trabeculations (trab. М giving a smooth contour to the narrowed ^ 
ventricular cavity. | | 
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. In patients with anomalies of the coronary arteries, 
- beneficial results have been reported after surgery with 


` regard to ischemic symptoms, left ventricular size and 
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` contractility, thallium scintigrams and exercise stress 


testing.'-^ We describe a patient who had ventricular 
fibrillation due to anomalous origin of the left main 


- (LM) coronary artery from the pulmonary trunk (PT). 
` The exercise electrocardiogram (ECG) continued to 


show ST depression after bypass surgery, although re- 


peat arteriography showed an open graft; however, 
myocardial lactate metabolism normalized and coronary 
- sinus blood flow (СВЕ) doubled, indicating improved 
_ myocardial oxygen supply. 


A 19-year-old woman had syncope 2!/» years earlier while 


í bicycling. She was admitted after a second syncope occurred 


during physical exercise. The ECG showed ventricular fi- 
brillation, and she was successfully resuscitated. Physical 


` examination, chest x-ray and ECG at rest showed normal 


` findings. Holter monitoring (24 hours) showed no arrhyth- 
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FIGURE 1. Selective injection into the right coronary artery in the right 
. anterior oblique projection, preoperatively revealing abundant collateral 
vessels to the left coronary artery (left) and after bypass operation 
(right), where no collateral vessels are seen. 
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mias. Bicycle exercise revealed a 3-mm ST depression in lead 
CMs. The patient stopped exercising because of exhaustion. 
Cardiac catheterization showed an enlarged right coronary 
artery with extensive collateral vessels to normal-sized 
nonstenotic left coronary arteries, but blood flowed retrog- 
radely into the LM, which arose from the PT (Fig. 1). The left 
ventricle showed normal contractility. Myocardial lactate 
and oxygen exchange were measured before and during 
pacing at a frequency of 150 beats/min for 10 minutes, by 
means of catheters placed in the coronary sinus and the 
aorta. The patient experienced no angina. CSBF (thermo- 
dilution technique), blood pressure and heart rate were 
measured and simultaneous blood samples withdrawn 
(Table I). 

Because reimplantation was not possible, the LM was li- 
gated proximally and a saphenous vein anastomosed with 
the proximal anterior descending artery. 

Six months postoperatively, catheterization showed a 
patent graft with excellent flow to the left coronary arteries, 
disappearance of the collateral vessels and normal left 
ventricular contractility (Fig. 2). The patient again stopped 
exercise because of exhaustion during repeated stress testing. 
Her physical fitness had probably not yet reached the pre- 
operative level (Table I). The ECG showed unchanged ST 
depression in LMs. She was stressed by pacing in the same 
manner as that used preoperatively. The same coronary 
sinus catheter was repositioned as judged by videotape re- 
cordings. Again she did not complain of any discomfort. After 
bypass operation, CSBF increased 100% in the resting state 
and 128% during pacing. Preoperative pacing did not in- 
crease CSBF. Myocardial oxygen consumption followed 
changes in CSBF. Preoperatively, myocardial lactate ex- 
change changed from an uptake at rest to a marked release 
during pacing, indicating tissue hypoxia (Fig. 3). Postop- 


TABLE | Hemodynamics and Myocardial Exchange of 
Oxygen and Lactate Before and After Bypass 


Operation in Coronary Artery Anomaly 


Rest Stress 
Exercise stress testing 

HR (beats/min) C 60 180 

P 76 175 
Ex duration(s) C 560 

P 450 

Pacing stress testing 

HR (beats/min) C 66 150 

P 98 150 
ABP (mm Hg) C 135/75 140/90 

P 130/80 115/80 
CSBF (ml/min) C 63 67 

P 126 153 
Aortocoronary sinus Os 

difference (ml/l) CIs110 107 

P 99 105 

Myocardial O2 
consumption (ml/min) C 6.9 7.2 

P 12.5 16.1 
Lactate extraction (%) C 32.6 —56.0 

P 10.0 12.4 
Lactate uptake (uumol/min) Grito —22.1 

P. 7,6 10.7 


Values at rest are means of 3 determinations during pacing means 
of 2 determinations (the last 2 minutes of pacing). 

АВР = arterial blood pressure; C = control; CSBF = coronary hv 
blood flow; Ex — E s Hn = Бап ө, dX = "postoperatively: 


мд. Sf 





ЫН ни 






= TEP та "APT d arr 2: «c E EET] 


БИ ya alice eins Sats 


FTE REPT SGT 
СЫТ f ч 2 | 
T oh WTA om eet >, 


OR A re REE 5 ET VUEWENSSUM P2 "Wo 
X ETE? ne. 


| March 1, 1985 THE E ERE JOURNAL OF CARDIOLOGY Volume 55 





FIGURE 2. Aortogram showing an open aorto-left coronary artery graft 
(arrow). Selective injection through the graft was unsuccessful. 


erative measurements indicated improved oxydative me- 
tabolism as the heart continued to extract lactate during 


pacing. 


This case report supports previous findings that 
sudden death may be caused by arrhythmias in patients 
with abnormal coronary arteries.” The episode of ven- 
tricular fibrillation might be secondary to myocardial 
ischemia. Thus, a myocardial lactate release was found 
preoperatively during pacing, and exercise ECGs 
showed ST depression. Myocardial ischemia could re- 
sult from shunting of blood into the PT or reductions 
in the feeding flow.^- 9 CSBF normally follows changes 
in the energy demands. The preoperative finding that 
CSBF did not change during pacing suggests such 
shunting, with subsequent ischemia. After surgery, 
CSBF and oxygen uptake increased considerably. The 
evidence of improved oxygen utilization was confirmed 
by the normalized lactate metabolism. Despite the 
well-functioning graft in our patient, the exercise ECG 
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FIGURE 3. Myocardial lactate extraction fraction during pacing before 
(open circles) and after (solid circles) aortocoronary artery bypass 
operation in a 19-year-old woman with anomalous left coronary artery 
from the pulmonary trunk. 


continued to become abnormal, in contrast to the 
metabolic data. Our study demonstrates the applica- 
bility of determining myocardial lactate exchange in 
estimating the efficacy of bypass surgery in a patient 
with anomalous origin of the LM from the PT. 
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А single coronary artery has been detected in 0.1% of 
patients who undergo coronary angiography.! In this 
rare anomaly the entire heart is supplied by the arterial 


Single Right Coronary Artery: Cases in Autopsy Series 











Sex Age (yr) Isolated Anomaly* 
Source Not Not 
(Ref. No.) Male Female Known <1 1-10 10-30 30-50 50-70 70-80 Yes No Known 
2 9 5 3 6 5 11 2 1 
3 5 6 2 3 3 1 4 1 1 6 6 1 
4 1 1 1 
5 1 1 1 
6 3 2 5 2 3 





* Absence of congenital cardiovascular malformation. Ref. = = reference. 
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FIGURE 2. The heart viewed from the front (a) showing the course of 
the left coronary artery across the pulmonary outflow tract. The dia- 
phragmatic surface (b) shows the dominant right coronary artery and 
the diagonal approach of the posterior descending artery. Ao — aorta; 
—— .|CV = inferior caval vein; LV = left ventricle; PT = pulmonary trunk; 
RA = right atrium; RV = right ventricle; SCV = superior caval vein. 
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. branches of 1 arterial stem arising from a single coronary 
` ostium. No other coronary artery or remnant arises from 
either the aortic or pulmonary root. The single artery 
can arise from the left or the right aortic sinus with equal 
frequency.? When arising from the right sinus, it is rare 





for the main arterial branch supplying the left side of - 
the heart to traverse the anterior pulmonary infun- 
dibulum. We describe 1 of the oldest cases of this 
anomaly, a casual finding at autopsy, to show the course 
of its major branches. 


We examined a 320-g heart from a dissection room ca- 
daver, which was the body of an 82 year-old woman who died 
from pulmonary embolism. There were no intracardiac 
malformations and no significant obstructive coronary ar- 
terial narrowings. А single coronary ostium was located in 
the right sinus of the aortic valve and none in the other 2 si- 
nuses. А proximal main stem (7 mm long) took origin from 
the ostium and bifurcated into 2 vessels of equal caliber, 
which effectively became the right and left coronary arteries 
(Fig. 1). The right coronary artery gave origin to the sinus 
node artery and the infundibular branch. It then pursued 
a tortuous course and gave rise to 2 arteries at the acute 
margin (Fig. 2a): 1 was the acute marginal artery and the 
other meandered across the inferior wall of the right ventricle 
and descended in the apical half of the posterior interven- 
tricular groove (Fig. 2b). The distal right coronary artery 
entered the posterior atrioventricular groove and gave origin 
to a short branch that descended a third of the way down the 
posterior interventricular groove. Distal to the cardiac crux 
the main artery gave origin to another downgoing branch 
before terminating on the posterior aspect of the left 
ventricle. 

The left coronary artery, arising anomalously from the 
main stem, turned at right angles to cross the anterior aspect 
of the pulmonary outflow tract (Fig. 2a). It divided about 4 
cm from its origin into 3 arteries: a small right ventricular 
branch, the anterior descending artery, and 1 that passed 
upward in the interventricular groove, gave origin to 2 di- 
agonal arteries and turned superiorly leftward to enter the 
left atrioventricular groove as the circumflex coronary artery, 
terminating along the obtuse margin. 


The review of Smith? and Longenecker et al? and 
another 7 cases in the literature* yielded 34 necropsy 
cases of single origin of the coronary artery from the 
right sinus (Table I). The age range was from 3 days to 
77 years; anomalies in those younger than 10 years were 
mostly associated with congenital heart malformations. 
In isolation, this anomaly can be compatible with long 
life. Its association with increased incidence of athero- 
sclerosis is debatable.! Identification of the single cor- 
onary artery and the distribution of its major branches 
before intracardiac repair or bypass graft is important. 
In our case the anomalous anterior course of the 
main left artery and the diagonal approach of the 
posterior descending artery have particular surgical 
significance. 


Acknowledgment: We are grateful to Professor B. Wood 
of the Department of Anatomy, The Middlesex Hospital 
Medical School, for permission to describe this case. 
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The AJC in March 1960* 


JAY N. COHN, MD 


One criticism that has been leveled against contemporary 
cardiology is that it has become technique-oriented rather 
than question-oriented. No one would belittle the incredible 
technologic advances in the past 25 years that now allow us 
to measure with sensitivity, specificity and accuracy a wide 
range of phenomena that play a role in cardiovascular disease. 
But the risk of this technologic explosion is that these methods 
can become so demanding that methods, data and statistical 
analysis replace creative thinking. 

Such certainly was not the case 25 years ago, as reflected in 
the March 1960 issue of The American Journal of Cardiology. 
In several articles fundamental questions still pertinent today 
were addressed using methods that would not survive current 
scientific scrutiny. But the conceptual approach to the 
problems and the creative thinking that went into experi- 
mental design stand as a landmark of the clinical investigation 
of that era. 

The most important article in that Journal is a now-classic 
review by German pathologist A.J. Linzbach, who described 
a painstaking morphometric analysis of hypertrophied and 
failing hearts.! However, it is Linzbach’s conceptual contri- 
bution that has made this paper a classic. He analyzes the role 
of hypertrophy and hyperplasia as a myocardial response to 
physiologic and pathologic pressure and volume work and 
points out that capillary growth keeps up with fiber growth. 
He also critically analyzes the role of the Starling mechanism 
in the ventricular dilatation of heart failure and concludes that 
longitudinal fiber growth and structural rearrangement of 
myocardial fibers, not fiber stretch, largely account for the 
chamber dilatation in chronic overload states. ''hese concepts 
have contributed much to our current understanding of car- 
diac muscle mechanics in heart failure. 

Raab and associates address the subject of activation of the 
adrenergic nervous system by deconditioning and its possible 
contribution to the development of heart disease.? They report 
on an extensive study carried out in 360 normal male subjects 
of varying ages. The subject of the pathophysiologic role of 
sympathetic stimulation in heart disease is now receiving in- 
creasing attention, but with few insights not presaged by 
Raab's approach. Unable to measure catecholamines directly, 
the authors used a number of qualitative techniques in an 
attempt to assess whether exercise conditioning decreases 


* Editor's note: This month there are 2 articles entitled, “The AJC 
in March 1960." How did this come about? | called Dr. Cohn several 
months earlier and thought that | had asked him to do ''The AJC in May 
1960” but he heard ‘‘March 1960” and | did not follow the phone call 
with a letter. In the meantime, І had prepared “Тһе AJC in March 1960" 
which follows Dr. Cohn's piece. Since the 2 looks at the March 1960 
AJC produced such different manuscripts, it seemed reasonable to 
publish both. Maybe the authors of the March 1960 articles, at least, 
will be grateful. Dr. Cohn, could | still entice you to do ''The AJC in May 
1960"? 

— William C. Roberts, MD 
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sympathetic and increases vagal tone. The data were used by A 
Raab to strengthen his view that the adrenergic system i is evil. $ 
and that increased activity can contribute to angina pectoris, 
certain arrhythmias, acute and chronic congestive heart failure 
and sudden death. He made a plea for mass prophylactic 
reconditioning programs to decrease sympathetic tone. He 
would feel vindicated today to see the emphasis on jogging and _ 
the widespread use of adrenergic blockers in the management — [^ 
of most of the diseases he identified. n. 
Current emphasis on the contribution of lipid abnormal нии М s 


applied fluid mechanical principles to data obtained from _ 
human autopsy specimens and concluded that plaques form — 
in areas of the vasculature where fluid dynamics result ina _ 
reduction in lateral pressure that damages the intima. Al-  - 
though the author's evangelism might offend contemporary 
scientists, the concepts he espoused have not been contra- * 
dicted in the intervening 25 years. 129 

The enthusiasm for answering questions despite a poverty as 
of methods is obvious in a study reported by Mackay. Using ~ 
a simple arm plethysmograph, the author measured the 
beat-to-beat increase in forearm volume at varying upper arm 
cuff occluding pressures. The thesis that net forward flow into 
the arm in aortic regurgitation would be greater if regurgitant 
flow was inhibited was borne out by the observation that arm 
flow increased as the occluding cuff pressure was increased 
from 50 to 100 mm Hg. The cuff thus served as a valve on the ~ 
brachial artery. The idea was interesting, but the quantitative — 
accuracy and clinical value probably minimal. How much 
easier we have it today in quantitating aortic regurgitation—or 
do we? 

Today’s medical residents and fellows who casually measure 
the pulmonary capillary pressure by balloon occlusion of the 
pulmonary artery might be struck by publication of the paper 
by Charms et al merely reporting a few such measurements 
in patients with a variety of medical illnesses.? This contri- 
bution was 1 of a series by these investigators explaining the 
use of temporary balloon occlusion of a pulmonary artery to 
assess left atrial pressure. Clearly, this was a forerunner to the 
Swan-Ganz catheter. 

Some things never change. The search for a potent natri- 
uretic without kaliuretic effects was as high a priority in 1960 > 
as it is today. Then, however, new agents often were thought — 
to have a more favorable Na/K excretory ratio then chlo- __ 
rothiazide, probably because of less insight into renotubular _ 
mechanisms of electrolyte excretion and less sophistication 
in the design of dose-response studies. Two studies from 
Baylor? report on new benzothiadiazines that were claimed _ 
to be better than chlorothiazide. An editorial review in the 
same issue is supportive of the idea that the newer analogs _ 
would turn out to be better than the parent compounds, a . 
hope that was never realized. 
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КР) quee. Н: drug KAEN was ati an Карой Thash, 
p 35 years ago. Richardson and Zee? reported on a study of the 
` pharmacokinetics of an enteric-coated form of quinidine, a 

. drug that has amazingly remained a mainstay of antiar- 
» рое therapy in this country and only now is threatened 






{ | та honesty i is an article by Zeffer and Klatz, who studied 
| ` hydroxyzine as an antiarrhythmic agent and found it use- 
_ less—but got the manuscript published anyway! 


E Presumptiousness certainly was not a deterrent to scientific 


— interchange іп 1960. In an article entitled, “A New Concept 


^ 


_ of Cardiac Failure," Kirsch! described electron microscopic 
myocardial changes in heart tissue obtained 10 minutes after 
_ death of 10 patients with heart failure. He concluded without 
` control observations, that these changes in the sarcosomes 
(mitochondria) represent a specific morphologic manifestation 

of heart failure. The years have taught us that the findings are 
N probably a nonspecific sign of cell death, that postmortem 
- material probably cannot be relied upon for such analysis, and 
` that heart failure is a good deal more complicated then Kisch 
| had wished. We have also learned—perhaps wistfully—that 











` The AJC in March 1960 contained 18 articles, which occupied 
| 140 pages. (In contrast, the AJC in March 1985 contained 
— 59 articles, which occupied 2477 pages.) Of the 18 articles, 4 will 
| be commented on in this piece. 
— — Charms and associates,! from Cleveland, used a triple- 
jj | lumen cardiac catheter with an inflatable cuff on the middle 
d 





umen to measure pulmonary artery (PA) wedge pressures in 
27 patients with various pulmonary and cardiac diseases. After 
. recording the PA wedge pressure, the catheter was withdrawn 
` into a PA branch, the cuff was inflated with contrast material 
` and pressures were obtained both proximally and distally to 
` the inflated cuff. They found that the pressure in the PA distal 
_ to the occluding balloon fell to PA wedge pressure levels so 
- that the 2 pressure tracings would be virtually superimposed 
HS on one another. 
Me ` Rawlings, from Chattanooga, Tennessee, presented “. 
d a heretofore unrecognized deformity of the chest causing 
f pseudoheart disease ..." and he called the condition the 
E straight-back syndrome, now a widely recognized entity. In 
. а3-уеаг period in a private practice, Rawlings had 9 patients 
А with the straight-back syndrome and all of them had been 
` considered by others to have heart disease. He illustrated 19 
_ radiographs of the chest (8 lateral views) and 14 photographs 
A of the upper bodies of patients (7 lateral views). If the amount 
i _ of space between sternum and vertebral bodies was severely 
r limited, the cardiac silhouette was widened on anteroposterior 
— view; if the cardiac “ compression" was mild, heart size was 
b normal. The accompanying systolic precordial murmur was 
attributed to compression, or “pancaking,” of the right ven- 
` tricular outflow tract by the overlying sternum. Rawlings 
p emphasized that the straight-back syndrome is easily recog- 
_ nized by physical examination and confirmed by lateral chest 
4 ` radiograph and that “recognition of this condition may pre- 
M vent a common form of introgenic heart disease." Rawlings' 
. article remains a classic 25 years later. 
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unsubstantiated theories по longer easily find their way into 
print in reputable journals. 
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Littman, from West Roxbury, Massachusetts, described 
electrocardiographic findings in pulmonary emphysema and 
emphasized the following: (1) that possibly 85% of all patients 
with pulmonary emphysema have electrocardiographic ab- 
errations, and that these aberrations are often found in the 
absence of pulmonary symptoms; (2) that the earliest and 
most frequent changes are P-wave abnormalities; (3) that 
about 70% have abnormalities of the QRS complex; (4) that 
only about 6% have a “classic” right ventricular hypertrophy 
pattern on electrocardiogram; and (5) that about 3% of pa- 
tients with emphysema have electrocardiographic abnor- 
malities simulating those found in patients with coronary 
heart disease. 

Linzbach,* from Marburg, Germany, іп a subsequently 
often-quoted article entitled, “Heart Failure frum the Point 
of View of Quantitative Anatomy,” reviewed certain myo- 
cardial observations in normal and hypertrophied hearts: (1) 
In normal, hypertrophied and dilated hearts, the distance 
between Z-bands (length of sarcome) is 1.4 u in left ventricular 
myocardial fibers and 1.5 и in right ventricular fibers. The 
myocardial sarcome length is the same in many animals (cow, 
goat, dog, guinea pig, rat and chick). (2) With increasing 
ventricular volume, the geometric shape of the interior lining 
does not change. (3) As ventricular volume increases, the av- 
erage distance between adjacent Z-bands is proportional to 
the square root of the ventricular surface area. (4) The total 
volume of the heart, i.e., the ventricular and atrial contents 
plus the volume of ventricular and atrial musculature, is about 
50% larger during life than after death or about 33% smaller 
at postmortem examination than during life. (5) The number 
of muscle layers in the ventricular walls decreases with greater 
degrees of ventricular dilatation. (6) During filling and 
emptying, the inner ventricular myocardial fibers change more 
in length than do the outer fibers. The length of the sarcome 
is a function of the stretching and contraction of the fibers. 
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_ from 1.5 и to about 2.0 p and maximal lengthening compatible 


` with normal function is probably little beyond 2.0 и. (7) АП 





normal human hearts have essentially the same number of 
myocardial fibers and nuclei, and although it is only half as 
heavy as that of the left ventricle, the right ventricular wall 
has roughly the same number of myocardial fibers and nuclei. 
Compared with the left ventricle, the right ventricular fibers 
are thinner and the wall contains fewer fiber layers. (8) During 
postnatal growth, the myocardial fibers become wider and 
longer but maintain a fixed length-width ratio. No multipli- 
cation of myocardial fibers takes place with body growth. 
Since the Z-band to Z-band distance is the same at all ages, 
the increased length must be accompanied by an increase in 
the number of sarcomeres. (9) In the infant heart, 1 capillary 
is present for every 4 or 5 myocardial fibers. In contrast, in the 


adult heart 1 capillary is adjacent to every myocardial fiber. 


Because the number of myocardial fibers is the same in both 
adult and infant, there must be a 4-fold increase in the number 
of capillaries in the adult's left ventricular wall. T'he width of 
the spaces between myocardial fibers for the capillary network 
is essentially the same in both infant and adult. Thus, the 
cross-sectional area of 1 adult myocardial fiber is occupied by 
4 fibers in the infant. (10) Physiologic cardiac hypertrophy, 
an increase from normal of 300 g to 500 g or increase in left 
ventricular weight from 100 g to 200 g, as occurs in laborers 
and athletes, is due entirely to an increase in the width and 
length of the myocardial fibers (as in physiologic growth) and 
is not due to an increase in the number of fibers. The spaces 
between fibers become only slightly wider. (11) Pathologic 
cardiac hypertrophy, as in systemic hypertension or aortic 
valve stenosis, occurs when the weight of the heart is 2500 g 
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cardial E nuclei and ке ey with little fu 
ening or lengthening of the fibers. The number of m у 
fiber layers increases, but the total cardiac volume r т 
increase because the increased numbers of fibers encroé 
the endocardial volume. The number of capillaries incre 
to the same extent as the number of myocardial fibers 
therefore the ratio of 1 capillary per fiber remains. The wi 
of the spaces between myocardial fibers is essentially the 5; 
as in physiologic hypertrophy. (12) In chronic ventric 
dilatation, sarcomere distance is the same as in the normal and 
in the undilated hypertrophied heart (1.4 u). The ave ag 
distance between nuclei in the middle of a myocardial 
is similar in dilated and nondilated hearts. Thus, dilate 
must involve “plastic” structural changes within the wall ; 
particularly, rearrangements of myocardial fibers with res 
to each other. These rearrangements take place in part radially 
across the wall and in part tangentially with the wall for t леге 
is asmaller number of fiber layers. p m. 
Although some of the observations discussed above г 
quite as clear-cut as presented by Linzbach, this article | 
worth the study of present-day students of cardiology. | 
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Brief Reports in the AJC in 1984 


_ The September 1982 From-the-Editor column in the AJC 
_ was entitled “Brief Reports.” In this column, | naively 
` envisioned publication of about 2 or 3 Brief Reports each 
_ month thereafter. Two or 3 a month, of course, would 
amount to 24 to 36 each year. In 1984 a total of 204 Brief 
` Reports were published in the АЈС, an average of 17 each 
‘month. The 204 Brief Reports occupied 308 published 
pages, an average of 26 pages each month or 1.5 pub- 
. lished pages for each Brief Report. Included in the 204 
. Brief Reports were 432 figures, an average of 2.12 figures 
per Brief Report or 1.40 figures per Brief Report page, and 
` 56 tables, an average of 0.27 tables per Brief Report or 
0.18 tables per Brief Report page. The 204 Brief Reports 
accounted for 27 96 of the 747 articles published in the АЈС 
іп 1984, but the 308 pages utilized for Brief Reports ac- 
counted for only 1096 of the 3,077 pages for articles. 
— — Although Brief Reports are often thought of as ‘Case 
- Reports," the 2 actually are not synonyms. Of the 204 Briet 
- Reports published in 1984, only 122 (6096) involved 1 
. patient; 33 (1696) involved 2 patients; 12 (6%), З patients; 
` 8 (496), 4 patients; 5 (2%), 5 patients; 4 (296), 6 to 10 
patients; 9 (4%), 11 to 25 patients; 3 (1.596), 26 to 50 
patients, and 7, over 50 patients. One of the latter reports 
involved 2,418 patients. The 1 feature characterizing all 
` Brief Reports in the AJC is brevity—not the number of 
_ patients described. 
The percentage of cardiac diseases discussed in the 
- Brief Reports was a bit different from that of the major 


articles appearing in the same year. The types of cardiac 
diseases discussed in the 204 Brief Reports compared with 
those discussed in the 489 major articles (excludes 15 
From-the-Editor columns, 11 historical articles and 28 
editorials or points or view) were: coronary heart disease, 
16% (Brief Reports) vs 29% (full-length articles); ar- 
rhythmias and conduction disturbances, 2296 vs 15%; 
systemic hypertension, 0.596 vs 496; congestive heart 
failure, 196 vs 2%; valvular heart disease, 896 vs 896; 
cardiomyopathy, 7% vs 496; congenital heart disease, 
21% vs 1096; methods, 296 vs 696; cardiovascular 
pharmacology, 196 vs 296; pericardial heart disease, 
2.596 vs 0.596; miscellaneous, 1996 vs 696; and exper- 
imental studies (non-human animals), 096 vs 1396. Thus, 
the largest number of Brief Reports concerned arrhythmias 
and conduction disturbances (n — 45), followed by con- 
genital heart disease (n — 43), miscellaneous topics (n — 
38), coronary heart disease (n — 32), valvular heart disease 
(n = 16), cardiomyopathy (n = 15), and all others (n = 15). 

| believe the Brief Reports are useful and popular, and 
| welcome comments from readers on their usefulness. 


William C. Roberts, MD 
Editor-in-Chief 
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ACE* INHIBITOR 


CAPOTEN 
(captopril tablets) 






Can make the 
difference between 
merely existing 
and actively living 


With the availability of CAPOTEN, heart failure* patients can enjoy an enhanced quality ; 
` Of life. Because, in patients who require more than digitalis and diuretics, САРОТЕМ can - 
improve their hemodynamic profile’ and provide an opportunity to feel better. 


e Eases principal heart failure symptoms’ • Increases patients capacity for exercise, 


e Restores patients’ sense of well-being allowing them to participate more fully in 
the physical activities of everyday life 
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tCAPOTEN is indicated in patients with heart failure who have not responded adequately to or cannot 
be controlled by conventional diuretic and digitalis therapy. CAPOTEN is to be used with diuretics 
and digitalis. | 

*Angiotensin Converting Enzyme 

Please see brief summary of prescribing information on last pages of this advertisement. 








CAPOTEN 
Your First Choice After Digitalis and Diuretics - 


` ACE*INHIBITOR 


`САРОТЕМ 


(captopril tablets) 
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_ CAPOTEN has been associated with the development of neutropenia/agranulocytosis (0.396 of 
_ 4,000 patients) or proteinuria (1.2% of 4,000 patients)! These serious side effects are more likely 


. to occur in patients with predisposing conditions, su 


ch as renal impairment or autoimmune 


disease, or in patients receiving therapy known to suppress the autoimmune response. 
The following precautionary guidelines are recommended for all patients receivi ng CAPOTEN: 


* Obtain urinary protein level estimates prior to initiating therapy, at monthly intervals for the first 
nine months of treatment, and periodically thereafter. 


of treatment, and periodically thereafter. 


_ Obtain WBC counts at the initiation of therapy, at two-week intervals for the first three months 


3 * Carefully review the WARNINGS and ADVERSE REACTIONS sections in the complete prescrib- 
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_ ing information, with particular attention to the patient at increased risk. 


_ * The most frequently occurring adverse reactions are skin rash and taste alteration; both 


effects are generally mild, reversible, or self-limited. 


- *Angiotensin Converting Enzyme 
- Please see brief summary of prescribing information on last pages of this advertisement for INDICATIONS AND USAGE, 


e 


WARNINGS, and ADVERSE REACTIONS. 


Reference: 1. Data on file, Squibb Institute for Medical Research. 
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CAPOTEN® TABLETS 
Captopril Tablets 


— INDICATIONS: Hypertension — Because serious adverse effects have been 


reported (see WARNINGS), CAPOTEN is indicated for treatment of hyper- 
tensive patients who on multidrug regimens have either failed to respond 
satisfactorily or developed unacceptable side effects. 

Heart Failure: CAPOTEN (captopril) is indicated in patients with heart failure 
who have not responded adequately to or cannot be controlled by conventional 
diuretic and digitalis therapy. CAPOTEN is to be used with diuretics and 
digitalis. 


_ WARNINGS: Proteinuria — Total urinary proteins >1 g/day were seen in 
| 1.2% of patients on captopril; the nephrotic syndrome occurred in about “%th 


Y 


| of these cases. About 60% of affected patients had evidence of prior renal 


disease; the remainder had no known renal dysfunction. In most cases, 
proteinuria subsided or cleared within 6 months whether or not captopril was 


- continued. The BUN and creatinine were seldom altered in proteinuric patients. 


Membranous glomerulopathy was found in nearly all the proteinuric patients 
on captopril who were biopsied and may be drug related. Most cases of pro- 
teinuria occurred by the 8th month of therapy. Patients should have urinary 
protein estimates (dip-stick on 1st morning urine, or quantitative 24-hr urine — 


_ the latter provides greater precision when proteinuria is persistent and/or at 
- low levels) before therapy, at approx. monthly intervals for the 1st 9 months of 


_ therapy, and periodically thereafter. For patients who develop proteinuria 


. >1 g/day, or increasing proteinuria, the benefits and risks of continuing 


captopril should be evaluated. 
Neutropenia/Agranulocytosis — Neutropenia («300/mm?) associated 


_ with myeloid hypoplasia (probably drug related) occurred in about 0.3% of 
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Captopril treated patients. About half of the neutropenic patients developed 


_ Systemic or oral cavity infections or other features of agranulocytosis. Most of 
_ the neutropenic patients had severe hypertension and renal function impair- 
_ ment; about half had systemic lupus erythematosus (SLE), or another autoim- 


mune/collagen disorder; multiple concomitant drug therapy was common, 
including immunosuppressive therapy in a few cases. Daily doses of captopril 
in the leukopenic patients were relatively high, particularly in view of their 
diminished renal function. The neutropenia appeared 3 to 12 weeks after 
- Starting captopril; it developed relatively slowly, taking 10 to 30 days to have 


- white blood count fall to its nadir; neutrophils returned to normal in about 2 
. weeks (other than 2 patients who died of sepsis). 
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Use captopril with caution in patients with impaired renal function, 
‘serious autoimmune disease (particularly SLE), or who are exposed to 
other drugs known to affect the white cells or immune response. In 
patients at particular risk (as noted above), perform white blood cell and 


differential counts prior to therapy, at about 2-week intervals for about the 


ist 3 months of therapy, and periodically thereafter. 

The risk of neutropenia in patients who are less seriously ill or who receive 
lower dosages appears to be smaller. In these patients white blood cell counts 
should be performed every 2 weeks for the 1st 3 months of therapy, and 
periodically thereafter. Perform differential counts when leukocytes are 
«4000/mm* or the pretherapy white count is halved. All patients treated with 
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captopril should be told to report any signs of infection (e.g., sore throat; fever); 
if infection is suspected, perform counts without delay. Since discontinuation 
of captopril and other drugs has generally led to prompt return of the white 
count to normal, upon confirmation of neutropenia (neutrophil count 
<1000/mm?) withdraw captopril and closely follow the patient's course. 
Hypotension — Excessive hypotension was rarely seen in hypertensive 
patients but is a possibility in severely salt/volume-depleted persons such as 
those treated vigorously with diuretics (see PRECAUTIONS [Drug Interactions). 

In heart failure, where blood pressure was either normal or low, transient 
decreases in blood pressure >20% were recorded in about Ve the patients. 
This transient hypotension may occur after any of the first several doses and is 
usually well tolerated, although rarely it has been associated with arrhythmia or 
conduction defects. A starting dose of 6.25 or 12.5 mg tid may minimize the 
hypotensive effect. Patients should be followed closely for the first 2 weeks of 
treatment and whenever the dose of captopril and/or diuretic is increased. 

BECAUSE OF THE POTENTIAL FALL IN BLOOD PRESSURE IN THESE 
PATIENTS, THERAPY SHOULD BE STARTED UNDER VERY CLOSE 
MEDICAL SUPERVISION. 
PRECAUTION: General: /mpaired Renal Function, Hypertension — Some 
hypertensive patients with renal disease, particularly those with severe renal 
artery stenosis, have developed increases in BUN and serum creatinine. It may 
be necessary to reduce captopril dosage and/or discontinue diuretic. For some 
of these patients, normalization of blood pressure and maintenance of 
adequate renal perfusion may not be possible. Heart Failure — About 20% of 
patients develop stable elevations of BUN and serum creatinine >20% above 
normal or baseline upon long-term treatment. Less than 5% of patients, 
generally with severe preexisting renal disease, required discontinuation due 
to progressively increasing creatinine. See DOSAGE AND ADMINISTRATION, 
ADVERSE REACTIONS [Altered Laboratory Findings]. Valvular Stenosis — A 
theoretical concern, for risk of decreased coronary perfusion, has been noted 
regarding vasodilator treatment in patients with aortic stenosis, due to 
decreased afterload reduction. 
Surgery/Anesthesia — |f hypotension occurs during major surgery or 
anesthesia, and is considered due to the effects of captopril, itis correctable by 
volume expansion. 
Drug Interactions: Hypotension: Patients on Diuretic Therapy — Precipitous 
reduction of blood pressure may occasionally occur within the 1st 3 hours after 
administration of the initial captopril dose in patients on diuretics, especially 
those recently placed on diuretics and those on severe dietary salt restriction 
or dialysis. This possibility can be minimized by either discontinuing the diuretic 
or increasing the salt intake about 1 week prior to initiation of captopril therapy. 
Alternatively, provide medical supervision for at least 3 hours after the initial 
dose in hypertensive patients. 

Agents Having Vasodilator Activity: In heart failure patients vasodilators 
should be administered with caution. 

Agents Causing Renin Release — Captopril's effect will be augmented by 
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antihypertensive agents that cause renin release. 

Agents Affecting Sympathetic Activity — The sympathetic nervous system 
may be especially important in supporting blood pressure in patients receiving 
Captopril alone or with diuretics. Beta-adrenergic blocking drugs add some 
further antihypertensive effect to captopril, but the overall response is less 
than additive. Therefore, use agents affecting sympathetic activity (e.g., 
ganglionic blocking agents or adrenergic neuron blocking agents) with caution. 

; Agents Increasing Serum Potassium — Give potassium-sparing diuretics ог 
potassium supplements only for documented hypokalemia, and then with 
~ caution, since they may lead to a significant increase of serum potassium. 
Drug/Laboratory Test Interaction: Captopril may cause a false-positive urine 
test for acetone. 
Carcinogenesis, Mutagenesis, and Impairment of Fertility: Two-year 
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E 
studies with doses of 50 to 1350 mg/kg/day in mice and rats failed to show any 4 
evidence of carcinogenic potential. Studies in rats have revealed no impair- x 
ment of fertility. 23 
Usage in Pregnancy: There are no adequate and well-controlled studies in 798 
pregnant women. Embryocidal effects were observed in rabbits. Therefore, 2208 
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captopril should be used during pregnancy only if the potential benefit 
outweighs the potential risk to the fetus. 

Nursing Mothers: Captopril is secreted in human milk. Exercise caution when 
administering captopril to a nursing woman, and, in general, nursing should be 
interrupted. 

Pediatric Use: Safety and effectiveness in children have not been established 
although there is limited experience with use of captopril in children from 2 
months to 15 years of age. Dosage, on a weight basis, was comparable to that 
used in adults. Captopril should be used in children only if other measures for 
controlling blood pressure have not been effective. 

ADVERSE REACTIONS: Reported incidences are based on clinical trials 


pressure, the glomerular filtration rate may decrease transiently, also resulting 
in transient rises in serum creatinine and BUN. Small increases in serum 
potassium concentration frequently occur, especially in patients with renal 
impairment (see PRECAUTIONS). 

OVERDOSAGE: Primary concern in correction of hypotension. Volume 
expansion with ап |.V. infusion of normal saline is the treatment of choice for 
restoration of blood pressure. Captopril may be removed from the general 
circulation by hemodialysis. 

DOSAGE AND ADMINISTRATION: CAPOTEN should be taken one hour 
before meals. Dosage must be individualized; see DOSAGE AND ADMINIS- 
TRATION section of package insert for detailed information regarding dosage 
in hypertension and in heart failure. Because CAPOTEN (captopril)is excreted 
primarily by the kidneys, dosage adjustments are recommended for patients 
with impaired renal function. 

Consult package insert before prescribing CAPOTEN (captopril). 

HOW SUPPLIED: Available in tablets of 12.5, 25, 50, and 100 mg in bottles 
of 100 (25 mg also in bottles of 1000), and in UNIMATIC® single-dose packs of 
100 tablets. 





lustrations in its technical sections will ensure the superior level of 
performance of echocardiographic techniques that is a sine qua 
non for good results. 
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involving about 4000 patients. © е д 
Renal — One to 2 of 100 patients developed proteinuria (see WARNINGS). Atl f Ra D { 3 
| Renal insufficiency, renal failure, polyuria, oliguria, and urinary frequency in 1 as O н mensiona dM 
gto 2 of 1000 patients. е x 
Hematologic — Neutropenia/agranulocytosis occurred in about 0.3% of C ocar lograp y я 
captopril treated patients (see WARNINGS). Two of these patients developed E 
sepsis and died. : Ты 
Dermatologic — Rash (usually mild, maculopapular, rarely urticarial), often by Alfredo Palacio, MD 
with pruritus and sometimes with fever and eosinophilia, in about 10 of 100 Director of National Institute of Cardiology, Guayaquil, Ecuador " 
patients, usually during the 1st 4 weeks of therapy. Pruritus, without rash, in Foreword by David H. Spodick, MD, DSc * 
ie uA КАА i Dg pud ا‎ ЧЫ cei . E Professor of Medicine, University of Massachusetts Medical School: 3 
і í ‚ mu | i 
anes of the mouth. or of the extremities in about 1 of 100 patients — Director, Division of Cardiology, St. Vincent Hospital, Worcester, Massachusetts 
reversible on discontinuance of captopril therapy. One case of laryngeal ISBN 0-914316-35-4, 198 рр, illus., large format 8/4 x 12, March '83, $69.00 
edema reported. Flushing or pallor in 2 to 5 of 1000 patients. 2-dimensional echocardiography complemented by M-m 
| T i -mode echo- 
Cardiovascular — Hypotension in about 2 of 100 patients. See WARNINGS di ki khe ds grap me h P y | | 
(Hypotension) and PRECAUTIONS (Drug Interactions) for discussion of hypo- cardiography has become one ої the most common noninvasive 
tension on initiation of captopril therapy. Tachycardia, chest pain, and diagnostic tools used by the cardiologist. With publication of the 
palpitations each in about 1 of 100 patients. Angina pectoris, myocardial ATLAS OF 2-DIMENSIONAL ECHOCARDIOGRAPHY, neophyte 
infarction, Raynaud's syndrome, and congestive heart failure each in 2 to 3 of 7 | 
1000 patients. and expert alike now have available to them the most truly | 
Dysgeusia — About 7 of 100 patients developed a diminution or loss of taste usable didactic presentation of the subject ever published. 
perception; taste impairment is reversible and usually self-limited even with A true atlas. this book provides ina large 84 x12 format 251 E 
continued drug use (2 to 3 months). Gastric irritation, abdominal pain, nausea, ў : ES 
vomiting, diarrhea, anorexia, constipation, aphthous ulcers, peptic ulcer, dizzi- black and white half tones, 152 line drawings and 6 | e^ 
& ness, headache, malaise, fatigue, insomnia, dry mouth, dyspnea, and pares- charts which illustrate in exacting detail how to perform and in- 4 
thesias reported in about 0.5 to 2% of patients but did not appear at increased terpret 2-dimensional echocardiograms on patients with existing 
frequency compared to placebo or other treatments used in controlled trials. d dh di The [са i 
Altered Laboratory Findings: Elevations of liver enzymes in a few patients and/or suspected heart disease. Ihe lucid accompanying text _ 3 
although no causal relationship has been established. Rarely cholestatic leads the reader step-by-step through the entire process, leaving Е 
anie gu dare coitu РЕ UN Arria Еу have been little to the imagination. It presents in the most simple, direct E 
reported. A transient elevation o and serum creatinine may occur, | ف‎ 
especially in volume-depleted or renovascular hypertensive patients. In way possible the broadest range of normal and abnormal of 
instances of rapid reduction of longstanding or severely elevated blood 2-dimensional echocardiograms. The descriptions and detailed il- 1 
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Test Questions appear on page 688. 





„Гай. First Initial — у, NODE EE 


Social Security # A ees 

i А | State/Zip Code _ E ES 

| ыен ane ; 

Date Ne 

— - á А RR lo ла "m & 249 


у‹ u 2 shocked the МЯА, answer for each question. To defray costs of processing, please enclose check for $10. 00 pay- 
he Division of Continuing Medical Education, and mail with the completed answer sheet to: 


. Division of Continuing Medical Education - 
me ` Room 127 CHSB 
Been | University Station 

| bk. ogg йр ен AL 35294 













e oin ^A» 4 У 
4 " * 


UNE OF A:<IND...INCHF - 


Avoid any change 


in the classic Lasix’ 


urosemide 


You've titrated to a precise therapeutic response. 

Now, unless your patient's condition changes, the 

regimen shouldn't. Because if it does, the sensi- 

tive diuretic/digitalis/electrolyte balance could 

be upset. And the consequences could be serious. 
So, once a patient has been stabilized on 

Lasix” tablets, it's only logical to specify Lasix” by 

brand name and prevent generic substitution. 

That's the only way you can be sure 

your patient will always receive the 

same brand of furosemide tablets... 

exactly the same formula- 

tion and manufacturing 

process, with the same P 

excipients and binders... yo 

with every single refill. In à 

fact, 9 out of 10 cardiolo- 

gists do specify Lasix” by | 


we 
brand name, and 2 out 


Z 


©1985 by Hoechst-Roussel Pharmaceuticals Incorporated 


-digitalis regimen 


of 3 take the extra step to prevent substitution: 

Lasix” is the most thoroughly documented 
drug in its class, with quality so consistent that 
almost 8 billion tablets have been manufactured 
without a single product recall. 


Reference: 1. National survey of 2960 physicians, including 1502 
cardiologists and other physicians subspecializing in cardiology, 
conducted by Hoechst-Roussel Pharmaceuticals Incorporated, 
Somerville, New Jersey. August 1982. 


Please see following page for brief summary of 
full prescribing information. 
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BRAND OF 


20 mg, 40 mg, 
80 mg Toblets 


LOSIX™ (furosemide) 

A brief summary of the Prescribing Information for Lasix 
(furosemide) Tablets 20, 40 and 80 mg. 

_ WARNING: Lasix (furosemide) is a potent diuretic which, if 
given in excessive amounts, can lead to a profound diuresis 
with water and electrolyte depletion. Therefore, careful medi- 
cal supervision is required, and dose and dose schedule have 
to be adjusted to the individual patient's needs. 
INDICATIONS: Edema associated with congestive heart failure, 
cirrhosis of the liver and renal disease, including the nephrotic 
syndrome. Hypertension when used alone or in combination 
with other antihypertensive drugs; patients not adequately con- 
trolled with thiazides also probably will not be adequately con 
trolled with furosemide alone 

CONTRAINDICATIONS: Anuria. History of hypersensitivity to 
the compound. 

WARNINGS: Excessive diuresis may result in dehydration and 
reduction in blood volume, with circulatory collapse and with the 
possibility of vascular thrombosis and embolism, particularly in 
elderly patients. Excessive loss of potassium in patients receiv- 
ing digitalis glycosides may precipitate digitalis toxicity Exercise 
care in patients receiving potassium-depleting steroids. Perform 
frequent serum electrolyte, CO., and BUN determinations during 
first few months of therapy and periodically thereafter, and cor- 
rect abnormalities or temporarily withdraw the drug. Initial ther- 
apy of patients with hepatic cirrhosis and ascites is best carried 
Out in the hospital. Closely observe cirrhotic patients for sudden 
fluid and electrolyte imbalances that may precipitate hepatic 
coma. Supplemental potassium chloride and, if required, an 
aldosterone antagonist are helpful in preventing hypokalemia 
and metabolic alkalosis. Discontinue furosemide if increasing 
azotemio and oliguria occur during treatment of severe, progres- 
sive renal disease. Observe patients regularly for possible blood 
dyscrasias, liver damage, or other idiosyncratic reactions. Patients 
With known sulfonamide sensitivity may show allergic reactions 
Furosemide may potentiate the therapeutic effect of other antihy- 
pertensive agents. Potentiation occurs with ganglionic or periph- 
eral adrenergic blocking drugs. Exacerbation or activation of 
systemic lupus erythematosus may occur Furosemide appears 
in breast milk. If use of the drug is essential, the patient should 
Stop nursing. Cases of tinnitus and reversible hearing impairment 
have been reported 

There have also been some reports of cases in which irreversible 
hearing impairment occurred. Usually ototoxicity has been 
reported when furosemide was injected rapidly in patients with 
Severe impairment of renal function at doses exceeding several 
limes the usual recommended dose and in whom other drugs 
known їо be ototoxic were given. If the physician elects to use 
high-dose parenteral therapy in patients with severely impaired 
renal function, controlled intravenous infusion is advisable. (For 
- adults, an infusion rate not exceeding 4 mg furosemide per min- 
ute hos been used.) 

PRECAUTIONS: As with any effective diuretic, electrolyte deple- 
lion may occur, especially in patients receiving higher doses and 
a restricted salt intake. Patients receiving furosemide should be 
observed for clinicol signs of fluid or electrolyte imbalance, 
namely, hyponatremia, hypochloremic alkalosis, and hypokale- 
mia. Serum and urine electrolyte determinations are particularly 
important when the patient is vomiting excessively or receiving 
parenteral fluids. Medication such os digitalis may also influ- 
ence serum electrolytes. Hypokalemia may develop with furo- 
semide as with any other potent diuretic, especially with brisk 
diuresis, when cirrhosis is present, or during concomitant use of 
corticosteroids or ACTH. Interference with adequate oral electro- 
lyte intake will also contribute to hypokalemia. Digitalis may 
exaggerate metabolic effects of hypokalemia, especially with ref- 
erence to myocardial activity Asymptomatic hyperuricemia can 
occur and gout тоу rarely be precipitated. Increases in blood 
glucose and alterations in glucose tolerance tests with abnor- 
malities of the fasting and two-hour postprandial sugar have 
been observed, and rare cases of precipitation of diabetes melli- 
lus have been reported. Furosemide may lower serum calcium 
levels, and rare cases of tetany have been reported. Periodic 
serum calcium levels should be obtained. Reversible elevations 
of BUN may be seen. These have been observed in association 
With dehydrotion, which should be avoided, particularly in 
patients with renal insufficiency Patients receiving high doses of 
salicylates in conjunction with furosemide may experience salic 
ylate toxicity at lower doses because of competitive renal excre- 
tory sites. Furosemide has a tendency to antagonize the effects 
of tubocurarine and may potentiate the action of succinylcholine 
Lithium generally should not be given with diuretics because 
they reduce its renal clearance and add a high risk of lithium 
toxicity Diuretics such as furosemide may enhance the nephro- 
toxicity of cepholoridine. Therefore, furosemide and cephalori- 
dine should not be administered simultaneously. Furosemide 
may decrease arterial responsiveness to norepinephrine. This 
diminution is not sufficient to preclude effectiveness of the 
pressor agent for therapeutic use. It has been reported in the 
literature that coadministration of indomethacin may reduce the 
natriuretic and antihypertensive effects of Lasix (furosemide) in 
some patients. This effect has been attributed to inhibition of 
prostaglandin synthesis by indomethacin. Indomethacin may 
also affect plasma renin levels and aldosterone excretion: this 
should be borne in mind when a renin profile is evaluated in 
hypertensive patients. Patients receiving both indomethacin and 
Lasix (furosemide) should be observed closely to determine if 
the desired diuretic and/or antihypertensive effect of Lasix (furo- 
semide) is achieved 

PREGNANCY: Pregnancy. Category C. Furosemide has been 
shown to cause unexplained maternal deaths and abortions in 
rabbits at 2, 4 and 8 times the human dose. There are no 
adequate and well-controlled studies in pregnant women. Furo- 
semide should be used during pregnancy only if the potential 
benefit justifies the potential risk to the fetus 

ADVERSE REACTIONS: Anorexia, oral and gastric irritation, 
nausea, vomiting, cramping, diarrhea, constipation, jaundice 
(intrahepatic jaundice), pancreatitis, dizziness, vertigo, pares- 
thesias, headache, xanthopsia, blurred vision, tinnitus and 
hearing loss, anemia, leukopenia, agranulocytosis (rare), throm- 
bocytopenia, aplastic anemia (rare), purpura, photosensitivity, 
rash, urticaria, necrotizing angiitis (vasculitis, cutaneous vas- 
Culifis), exfoliative dermatitis, erythema multiforme, pruritus 
Orthostatic hypotension may occur and may be exaggerated 

by alcohol, barbiturates, or narcotics. Other adverse reactions 
include hyperglycemia, glycosuria, hyperuricemia, muscle 
spasm, weakness, restlessness, urinary bladder spasm, 
thrombophlebitis. Q-66388-185 
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AIDS 


An important new book on 


today's most virulent epidemic 





From the Publishers of The American Journal of Medicine, 
The American Journal of Surgery, and Cutis 


Acquire Immune 
Deficiency Syndrome (AIDS) 
and Infections of Homosexual Men 


edited by Pearl Ma, PhD, and Donald Armstrong, MD with a 
foreword by David J. Sencer, MD, Commissioner of Health, New 
York City; formerly Director, Centers for Disease Control, Public 
Health Service, U.S. Department of Health and Human Services 
0-914316-38-9, 442 pages, illus., 1984, $39.50 
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The first scientific presentation to review all the 
facts in full 


AIDS has become one of the most publicized diseases in modern times. It has produced fear and 
confusion in the general public and presented a formidable challenge to the medical community. 
Physicians and scientists have begun work on managing this epidemic, disease control centers con- 
tinue to search for answers, and the federal government has declared AIDS the number one 
health priority of the nation. Understanding this disease demands cooperation between many dif- 
ferent medical specialties, and papers on this subject have been published in many diverse journals 
not regularly read by individual specialists. Now, for the first time, two highly distinguished medical 
experts, Drs. Pearl Ma and Donald Armstrong, have coordinated in one easily accessible volume 
the complete range of interdisciplinary approaches to this complex disease, with contributions by 
the most eminent researchers and physicians in disease control and hospital teaching centers 
throughout the country. Comprehensive coverage is given to the entire spectrum of sexually trans- 
mitted diseases, and an additional section on diagnostic perspectives offers never before published 
material on why this syndrome occurs primarily among homosexual men. For any physician or 
other health care professional interested in the prevention and cure of this modern epidemic, this 
book is an indispensable guide to recognizing and treating AIDS and other sexually transmitted 
diseases. К 
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DISEASES * PART 4 INFECTIOUS AND NEOPLASTIC COMPLICATIONS OF AIDS * PART 5 
IMMUNOLOGICAL EVALUATION METHODS AND CONTROLS * PART 6 DIAGNOSTIC 
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Here's cardiac imaging like you've never seen it. 
Bright. Sharp. Detailed. And digital. Thirty frames per 
second. Each frame second to none. 

Yet with our new system, you can have both digital 
and cinefilm. You choose, with the Fischer Digital-Cine 
System (DCS). | 

With each digital study, you'll get the high resolution 
images you need, whether for aortic root injections, bypass 
graphs, left ventriculography, pediatric studies and more. 
For even greater diagnostic detail, enhance the images with 
computer processing. 

What's more, DCS quantitation enables you to perform 
ventricular volumes, ejection fraction calculations, regional 
wall motion analyses, and stenoses percentages. The hard 
numbers you need to back up 
every diagnosis. All in just 
moments. 

With DCS digital, each 
frame is transferred to the 
computers storage in real time, 
during the procedure. No 
developing. No waiting. So you 
view and review as you go. 

Permanent storage is automatic. The DCS transfers 
any number of images to a laser optical disk no larger than a 
stereo LP. 

Want the complete picture on the Fischer DCS? 

Call 800-824-8434, ext. 521 or write Fischer Imaging 
Corporation, 12300 North Grant Street, Denver, CO 80241. 

Fischer's DCS. The digital-cine system that will 

capture your hearts. 
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For steady maintenance following 
cardioversion of supraventricular, _ 
ventricular, and atrial tachyarrhythmias 


= Maintains normal sinus rhythm 
= Full quinidine cardiodynamics 


= Greater gastrointestinal tolerance 


than with quinidine sulfate* 


и Convenient b.i.d. or t.i.d. dosage 


"Bibliography available upon request 


INDICATIONS AND USAGE: CARDIOQUIN Tablets are indicated as maintenance therapy after 
spontaneous and electrical conversion of atrial tachycardia, flutter or fibrillation and in the treatment 
of premature atrial and ventricular contractions, paroxysmal atrial tachycardia, paroxysinal A-V 
junctional rhythm, atrial flutter, paroxysmal atrial fibrillation, established atrial fibrillation when 
therapy is appropriate, and paroxysmal ventricular tachycardia when not associated with complete 
heartblock. CONTRAINDICATIONS: History of hypersensitivity to quinidine, complete A- V block, 
complete bundle branch block or other severe intraventricular conduction defects, myasthenia 
gravis, arrhythmias associated with digitalis toxicity. WARNINGS: In the treatment of atrial 
fibrillation with rapid ventricular response, use digitalis to control ventricular rate prior to administra- 
tion of quinidine. In the treatment of atrial flutter, reversion to sinus rhythm may be preceded by 
progressive reduction in the degree of A-V block to a 1:1 ratio resulting in an extremely high 
ventricular rate. This potential hazard may be reduced by digitalization prior to administration of 
quinidine. Potentially toxic digoxin plasma levels may occur when quinidine is administered 
concurrently. Consider reducing digoxin dosage and monitoring for digitalis toxicity. Evidence 
of quinidine cardiotoxicity (increased P-R and Q-T intervals, 50% widening of QRS, and/or 
ventricular ectopic beats or tachycardia) mandates immediate discontinuation of the drug, and/or 
close clinical and electrocardiographic monitoring. NOTE: Quinidine effect is enhanced by 
potassium and reduced in the presence of hypokalemia Quinidine should be used with extreme 
caution in the presence of incomplete A-V block, since compiete block and asystole may result 
Quinidine may cause abno:malities of rhythm in digitalized patients; therefore, it should be used 
with caution in the presence of digitalis intoxication. Caution is also called for in patients exhibiting 
renal, cardiac or hepatic insufficiency because of potential toxic accumulation of quinidine in 
plasma. PRECAUTIONS: A preliminary test dose of a single tablet of quinidine sulfate may be 
administered to determine if the patient has an idiosyncracy to quinidine. ECG monitoring and 
determination of plasma quinidine leveis are recommended when doses greater than 2.5 g/day are 
administered. Periodic blood counts and liver and kidney function tests should be performed during 
long-term therapy. 
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DRUG INTERACTIONS OF QUINIDINE 


EFFECT 

Additive vagolytic effect. 

Antagonism of cholinergic effects 

Alkalinization of urine resulting in decreased 
excretion of quinidine. 

Reduction of clotting factor concentrations. 

Potentiation of neuromuscular blockade. 


DRUG 

With anticholinergic drugs 

With cholinergic drugs 

With carbonic anhydrase inhibitors, sodium 
bicarbonate, thiazide diuretics 

With coumarin anticoagulants 

With tubocurare. succinylcholine and 
decamethonium 

With phenothiazines and reserpine 

With hepatic enzyme-inducing drugs 
(phenobarbital, phenytoin. rifampin) 

With digoxin 


Additive cardiac depressive effects. 
Decreased plasma half-life of quinidine 


increased plasma concentrations of digoxin 
(see WARNINGS) 
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pruritus, urticaria. HYPERSENSITIVITY REACTIONS: Angioedema, acute asthmatic episode. 
vascular collapse. respiratory arrest, hepatic toxicity. See package insert for Full Prescribing 
Information. 
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Symposium on Bepridil: A New Antianginal Agent 


Introduction 


JAY N. COHN, MD 


The potential therapeutic application of the group of 
drugs known as calcium antagonists remains to be fully 
appreciated and evaluated. Further, because the various 
members of this group of compounds are remarkably 
diverse in their pharmacologic effects, the full impact 
of these agents on therapeutics may not be known for 
a number of years. 

The 3 calcium antagonists already marketed in the 
United States provide a range of circulatory and elec- 
trophysiologic effects that have found a place in the 
management of patients with angina pectoris and su- 
praventricular arrhythmias. Additional cardiovascular 
indications for these drugs are still being developed, but 
many physicians are already using one or more of these 
agents in the management of patients with essential 
hypertension, pulmonary hypertension, acute myo- 
cardial infarction, congestive heart failure, hypertrophic 
subaortic stenosis and Raynaud's phenomenon. 

Because of the diversity of chemical structure and 
cardiovascular effects of the presently available drugs, 
it should be anticipated that new agents with similar 
calcium-channel blocking properties may have strik- 
ingly different ancillary effects. This appears to be the 
case with bepridil, a unique calcium antagonist that has 
been studied extensively in Europe and now has un- 
dergone considerable clinical testing in the United 
States. This symposium issue presents a series of reports 
that provide data on the pharmacokinetics, pharma- 
cologic action and therapeutic efficacy of bepridil. 

Arnold Schwartz and associates review current con- 
cepts regarding the sites and mechanisms of action of 
calcium antagonists. The data suggest that bepridil has 


From the Cardiovascular Division, Department of Medicine, University 
of Minnesota Medical School, Minneapolis, Minnesota. 
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remarkably unusual effects, including inhibition of 
sodium channels, antiarrhythmic and antifibrillatory 
effects and, possibly, intracellular effects. Clinical 
studies are needed to demonstrate the clinical impor- 
tance of these findings. Leslie Benet provides an anal- 


ysis of the pharmacokinetics and metabolism of bepri- _ 


dil, whose protein binding and prolonged half-life make 
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it unique among the currently available drugs of this : 


series. 

Bramah Singh and associates evaluate the compar- 
ative electrophysiologic effects of calcium antagonists 
and conclude that bepridil is unique in that it prolongs 


the ventricular and atrial effective refractory periods _ 
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d j ' data are consistent with inhibition of both slow 
ES fast myocardial channels and suggest that the drug 
may have considerable antiarrhythmic effect in man. 
. Joseph Alpert and associates and Jeffrey Borer, Israel 
l'amari and their associates present data on the he- 
am modynamic effects of intravenous infusions of bepridil 
| i n patients with coronary artery disease. Although the 
Patient groups in the 2 studies appeared comparable, 
some differences in the circulatory response to bepridil 
were noted. For example, the New York group demon- 
strated a dose-dependent vasodilator effect that was not 
E. observed in Worcester. Both groups, however, were able 
E it tc Brenly a negative inotropic effect that had at most 
nly a modest impact on left ventricular performance. 
qi i clear that further data with different patients and 
ib differing dosage forms and schedules will be 
eded before the hemodynamic profile of this drug can 
be I Rimly established. 
_ Drs. Zusman, Shapiro, Frishman, DiBianco and their 
te co-workers all report on exceedingly well-designed 
сга studies of the efficacy of bepridil in patients with stable 
gina pectoris. It is apparent from these studies that 
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the drug is well tolerated and effective | in a once-daily 
dosage, that it continues to be effective during long-term 
therapy and that its effect may be additive to that of 8 
blockers. Further, as is well documented in the Zusman 
study and also in the data presented by Narahara et al 
from their previously published work, the drug appears 
to result in improvement in left ventricular function 
during exercise. Whether this benefit relates exclusively 
to relief of ischemia or to any additional cardiac or pe- 
ripheral vascular effect on left ventricular function 
cannot be determined from these data. Finally, Eric 
Prystowsky reviews data on the potential antiarrhyth- 
mic efficacy of bepridil and whets our appetite for a drug 
that is antiischemic and uniquely antiarrhythmic. 

Early experience in the United States with this drug 
in the treatment of patients with angina suggests that 
it may find an important place in therapeutics by of- 
fering another option to our present armamentarium. 
In addition, however, the basic and clinical studies with 
this drug as with many other new chemical entities may 
open new doors to our understanding of fundamental 
processes controlling vascular tone, myocardial function 
and electrical activity of the heart. 





Pharmacology of Calcium Antagonists 


ARNOLD SCHWARTZ, PhD, M. ABDUL MATLIB, PhD, JOSEPH BALWIERCZAK, PhD, 
and DAVID A. LATHROP, PhD 





Although the calcium antagonists verapamil, ni- 
fedipine, diltiazem and bepridil are structurally di- 
verse, they share, to a variable extent, several 
pharmacologic properties. These effects are pre- 
sumably the result of dose-related inhibition of 
transmembrane calcium ion flux through the slow 
channel. In diseased tissue, other routes of calcium 
entry may also be inhibited, and intracellular sites 
of action also are now strongly suspected. The 
calcium antagonists tend to relax vascular smooth 
muscle in a dose-dependent and site-specific 
manner. Effective coronary vasodilation is found 
with each agent; peripheral vasodilation is most 
pronounced with nifedipine, followed, in descending 
order of potency, by verapamil, diltiazem and bep- 
ridil. Atrioventricular conduction is also inhibited by 
diltiazem, bepridil and verapamil, whereas nifedipine 


The past decade has seen major advances in the phar- 
macologic therapy for cardiovascular diseases. Among 
the agents introduced within the past 10 years are the 
nonselective and selective -adrenergic blockers, the 
angiotensin converting enzyme inhibitors and the a-ad- 
renergic agonists. However, the development of the 
calcium antagonists, otherwise known as calcium- 
channel blocking drugs or slow-channel inhibitors, may 
represent the most significant of these advances. 

The clinically useful calcium antagonists include 
verapamil, nifedipine, diltiazem and, more recently, 
bepridil. However, the classification of these structur- 
ally diverse drugs within the same nominal group 
implies both a chemical and a pharmacologic univer- 
sality that does not exist. In fact, the chemical structures 
of the calcium antagonists are so extremely diverse that 
it is fortuitous that they share common pharmacologic 
effects (Fig. 1). 

With the exception of the subcategory of the nifedi- 
pine group (such as niludipine, nimodipine, nitrendi- 
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paradoxically has no effect at therapeutic doses. - 
The calcium antagonists also reduce muscle con-  - 
tractile force, but again in variable degrees. Nega- __ 
tive inotropy is significant with verapamil and min- _ 


imal with diltiazem and bepridil. Nifedipine often _ 


causes a reflex increase in contractility and heart | A 
rate. At therapeutic doses, bepridil has additional 


properties: it appears to affect sodium and perhaps 


potassium channels, producing a quinidine-like ef- _ 


fect, and it prolongs the refractory period. Experi- 


mentally, bepridil has also been found to extend the 
duration of the action potential, raise the ventricular 


fibrillation threshold and possess both class | and _ 


class IV antiarrhythmic activity at relatively small — 
doses. If documented clinically, bepridil may prove | 
to be an effective antiarrhythmic as well as anti- _ 
anginal agent. (Am J Cardiol 1985;,55:3C-7C) _ 





pine, nicardipine and nisoldipine), there is no struc- | 


ture-activity relation among the calcium antagonists, ~ 
precluding the assignment of a specific receptor. Yet, 
verapamil, nifedipine, diltiazem and bepridil each relax _ 
vascular smooth muscle, decrease pacemaker activity _ 


and reduce cardiac muscle contractile force. All these 
pharmacologic effects are believed to result from inhi- _ 


bition of calcium influx, although intracellular sites are 
not excluded. 

Not surprisingly, these effects are produced in dif- 
ferent dose ranges for each drug, and each of the drugs 
in the class possesses a different spectrum of pharma- 
cologic effects. Therefore, the relative ability of each 
calcium antagonist to produce a specific pharmacologic 
effect is variable. As a result, these drugs possess both 
quantitative and qualitative differences (Table I). 


Mechanisms of Action 


Verapamil, nifedipine, diltiazem and bepridil appear Е 
to share а basic mechanism of action, that is, inhibition 


of transmembrane ion influx, predominantly calcium, _ 


through the slow channel during the action potential. : 
Although it is generally accepted that these drugs pre- _ 


vent entry of calcium through voltage-dependent — 


channels, and they do in some dosages, it is possible that — 
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` TABLE! Comparative Pharmacology 
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_ FIGURE 1. Chemical structures of calcium antagonists. 


in diseased tissue, calcium does not necessarily have to 
enter the cell through the slow channel. It could, for 
example, enter through focal discontinuities of the cell 
membrane or through other routes (Fig. 2). 

Further, additional intracellular sites of action cannot 
be excluded, and such potential mechanisms are being 
investigated. Selective inhibition by calcium antagonists 
appears to be the result of: (1) the presence of different 
mechanisms for activation (such as calcium influx and 
calcium release); (2) the presence of different groups of 
calcium channels activated by different stimuli (such 
as receptor-operated and potential-operated channels); 
(3) distinction between calcium channels in different 
tissues (such as heart and smooth muscle); and (4) dis- 
tinction between calcium channels in different vascular 
smooth muscles (such as coronary artery and carotid 
artery). The resultant electromechanical uncoupling, 
which is dose-related, produces the ultimate pharma- 
cologic effect in muscle tissue. 


Pharmacologic Effects 


The calcium antagonists share certain pharmacologic 
activities, the most characteristic being the tendency 
to relax smooth muscle, an effect that is dose related 
(that is, dependent on potency). This effect also de- 
pends on the specific vascular bed under consideration, 
that is, peripheral versus cerebral versus large coronary 
versus small coronary and so on. 

The calcium antagonists useful in angina pectoris 
have a pronounced effect on the coronary arteries and 
they also produce direct negative inotropy. Indeed, the 
calcium antagonists, by definition, must produce these 
effects in some dose. 

In terms of comparative pharmacology, verapamil, 
nifedipine, diltiazem and bepridil are all effective cor- 
onary vasodilators. Peripheral vasodilation is more drug 
specific. Nifedipine is highly potent, verapamil is less 
potent and diltiazem and bepridil are the least potent. 
This variability reflects different chemical structures, 
resulting in differing affinities for different vascular 
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TABLE П Effects of Bepridil on Guinea Pig Left Atrial Action Potentials 7 СА 
Асїїоп Maximum Action Action a 
Bepridil Resting Potential Rate of Potential Potential ; н 
Concentration Potential Height Depolarization Duration Duration | 
(uM) (mV) (mV) (V/s) (50%) (90%) Е 
Сопїго! 81.6 + 0.5 110.3 + 0.6 117 +3 65.1 + 1.5 12134 1.7 TS 
10 81.2 + 0.6 109.7 + 0.7 94 + 2 80.2 + 2.2 149.5 + 3.9 x 

20 80.6 + 0.6 107.6 + 0.8 75 i2 90.2 + 3.1 170.8 + 5.2 

40 81.1+ 0.7 105.8 + 0.9 922.1 189.8 + 4.4 





Data adapted from Winslow and Kane. 


beds. Further, these effects are dose related. If the dose 
is increased enough, peripheral vasodilatation will 
occur. 

Nifedipine in the intact organism, contrary to its di- 
rect negative inotropic effect, is frequently accompanied 
by a reflex increase in contractility and heart rate, which 
can be at least partially controlled by 6-blocking agents. 
Verapamil is a potent negative inotropic agent; heart 
rate frequently will decrease, but not always. It can also 
increase or not change. Diltiazem and bepridil both 
inhibit contractility and heart rate slightly, resulting in 
slight bradycardia at rest. 

Diltiazem and bepridil both inhibit atrioventricular 
(AV) conduction, and verapamil somewhat more. The 
dose of nifedipine used to treat angina pectoris either 
has no effect on AV conduction or results in a reflex 
release of catecholamines with an increase in trans- 
mission. This latter effect is paradoxical, as the AV node 
is clearly a calcium-dependent site. 


Clinical Pharmacology 


As a result of their effects on coronary arteries and 
peripheral vasculature and the production of negative 
inotropy, the calcium antagonists are important ther- 
apeutic agents in the management of patients with 
coronary artery spasm, chronic stable angina and, in the 
case of verapamil, supraventricular tachycardia. Their 
clinical usefulness may eventually be shown to extend 
to protection against myocardial ischemia and infarc- 
tion and to the treatment of hypertension. 

The calcium antagonists presumably inhibit excess 
calcium from entering vascular smooth muscle cells, 
probably by interacting with certain sites in the cell 
membrane, thereby preventing focal or generalized re- 
duction in arterial caliber (coronary arteries) or de- 
creasing vascular resistance (peripheral vasculature). 
These drugs appear to have a greater effect in hyper- 
tensive vessels, which tend to be more sensitive to cal- 
cium antagonists, than in normotensive vessels, again 
implying some type of specificity. Ideally, these agents 
would produce no effect on normal vasculature. 

The general affinity of the calcium antagonists for the 
heart, that is, atrial, Purkinje and ventricular tissue, 
seems less than that for smooth muscle. Nevertheless, 
an effect may be anticipated wherever there exists a 
voltage-dependent process related to calcium influx 
(that is, the sinoatrial node, the AV node, specialized 
conducting tissue and the contractile myocardial 
cell). 


60+ 3 99. 


The calcium antagonists should inhibit excessive - 
contractile force (ideally not in the normal heart) and | 
inhibit abnormal conduction through the AV node (a _ 
dose-dependent effect). These effects may protect the © 
ischemic myocardium and also protect against certain ў 
supraventricular arrhythmias. Such effects are not only _ 
dose dependent but also drug specific. For example, 3 
nifedipine, which has no effect on AV conduction in . 
therapeutic dosages, would not be used to treat supra- i 
ventricular tachyarrhythmias. Conversely, bepridil has — 
potential clinical utility in other areas. 
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Additional Effects of Bepridil ў 
Bepridil possesses all the characteristics of the tra- 1 
ditional calcium antagonists. It relaxes vascular smooth - 
muscle and delays AV conduction by inhibiting the slow — 
current, thereby protecting heart muscle. However, — 
bepridil possesses additional pharmacologic effects. 
Bepridil! appears to affect the sodium channel (fast 
channel) and possibly the potassium channel as well as _ 
the calcium channel, producing a quinidine-like effect. _ 
Bepridil specifically inhibits maximal upstroke velocity - 
(dV/dtmax), that is, the influx of sodium in appropriate 1 
load dosages. A prolongation of the refractory period - 
may have great clinical significance; the ischemic 
myocardium may be further protected. 3 
Winslow and Kane? demonstrated the effect of bep- 
ridil on the maximum rate of depolarization in the left — 
atrium of the guinea pig. Although the action potential _ 
height was not changed, the action potential duration - 
was extended in a quinidine-like manner by relatively : 
low concentrations of bepridil (Table II). Studies from — 
our laboratory demonstrated that bepridil decreases the 1 
amplitude and rate of spontaneous depolarization _ 
in isolated automatic human atrial preparations 
(Fig. 3). | 
Marshall et al? observed that bepridil raised the - 
ventricular fibrillation threshold in normal rat myo- — 
cardium, whereas nifedipine had practically no effect _ 
(Table III). Therefore, in electrophysiologic experi- . 
ments, bepridil possesses both class I and class IV 
antiarrhythmic activity. Brannan et al? reported that _ 
bepridil increased both the threshold for ventricular _ 
fibrillation and the ventricular refractory period without $ 
changing the conduction time or excitation threshold 
(Table IV). These results suggest that bepridil may also 
be a class III antiarrhythmic agent. | 
Marshall et al? also demonstrated that bepridilina _ 
relatively small dosage reduced the postligation ven- _ 
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МЕТ (uA) 
Dose Mean % 
(mg/kg) Before After Change Class 
Distilled water 453 + 21 441 + 35 —2.6 AE 
Bepridil 2 314 + 31 293 + 36 —8.7 Id IV 
5 337 + 18 534 + 39 +58.5 
Nifedipine 0.01 455 + 37 476 + 59 +4.6 IV 
0.02 397 + 42 450 + 47 +13.4 





Data adapted from Marshall et al.? 


TABLE IV Effects of Bepridil on the Ventricular Fibrillation 
Threshold in Dog Heart (in LA) 


Time after Bepridil 
(min) 
Bepridil 
(mg/kg) С 30 60 90 120 
0 8.0 9.8 10.2 10.0 8.7 
Е 1.25 8.5 9.5 10.7 15.0 17.7 
di 2.5 9.2 21.5 8.3 10.0 16.3 
p. 5.0 6.3 11.8 26.2 22.9 32.2 
10. 6.2 22.3 26.8 22.4 29.7 
Data adapted from Brannan et al.° 
C — control. 
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FIGURE 3. The effect of 1075 M of bepridil on the spontaneous elec- 
trical activity of isolated human atrial preparation obtained from a 


` 15-month-old male child undergoing surgery for correction of ventricular 


. septal defect. Bottom left, voltage and time calibrations are 


D 


Е 


` indicated. 


tricular fibrillation threshold in the rat (Table V). Ni- 
fedipine produced no effect. Differences in the phar- 
macologic effects of bepridil and nifedipine are 
presumably related to their structural differences and 
differences in binding sites. The potential clinical sig- 
nificance of these observations in patients with myo- 
cardial ischemia must be determined. 
Reperfusion-induced arrhythmias in the animal 
model may mimic the arrhythmias occasionally ob- 
served after ligature release and reperfusion during 
cardiac surgery. To evaluate the efficacy of calcium- 
channel blockers in preventing reperfusion-induced 
arrhythmias, Winslow et al compared the incidence of 
arrhythmias induced by reperfusion of the isolated rat 
heart in the untreated specimen and the specimen 
reperfused with bepridil, verapamil, diltiazem and ni- 
fedipine. Specifically reported were episodes of pre- 
mature ventricular systole, ventricular tachycardia and 
ventricular fibrillation. Bepridil, verapamil and dilti- 
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FIGURE 4. Adult canine cardiac Purkinje fiber transmembrane potential 
(Em) (middle tracing, each panel), its first derivative with respect to time 
(dV/dt) (upper tracing, each panel) and developed force (bottom 
tracing, each panel) are shown in each panel. Top 2 panels (left to right) 
illustrate effects of 30 minutes of exposure to 10 9 M of bepridil 
(preparation no. 840824; diameter — 0.62 mm, length — 7.36 mm). 
Bottom 2 panels illustrate effects of 30 minutes of exposure to 1075 
M of bepridil (preparation no. 840827; diameter — 0.42 mm, length — 
8.00 mm). Each preparation was externally stimulated at a rate of 2 Hz. 
A +100-т\/ calibration pulse follows stimulated action potential in each 
panel; duration of this pulse was 50 milliseconds. 
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TABLE V Effects of Drugs оп Postligation Decrease іп 
Ventricular Fibrillation Threshold (VFT) 


МЕТ (uA) 
Mean 
Dose Before After Decrease 
(mg/kg) Drug Ligation in МЕТ (LA) 
Distilled 405 + 31 292 + 29 113 + 23 
water 
Bepridil 2 426 + 57 354 + 37 72 + 55 
Nifedipine 0.01 369 + 32 249 + 63 120 + 57 


Data adapted from Marshall et al.? 


azem reduced the incidence of these arrhythmias. With 
bepridil, the incidence of ventricular fibrillation was 
reduced to zero (Table VI). 

In addition to common myocardial tissue, bepridil 
produces a pharmacologic effect on the specialized 
conducting tissue, which tends to be very susceptible 
to ischemia-induced arrhythmic events. Kane and 
Winslow? showed that bepridil produced a dose-de- 
pendent decrease in the maximum rate of depolariza- 
tion (dV/dtmax) in sheep Purkinje tissue. This effect on 
specialized conducting tissue may indicate inhibition 
of the sodium channel, accompanied by a decrease in 
action potential amplitude and, at a particular dosage, 
a significant decrease in resting membrane potential. 
In our own studies, using isolated canine Purkinje 
strands, similar results were obtained (Fig. 4). Our 
studies further indicated that changes in dV/dtmax occur 
at bepridil concentrations larger than those required to 
significantly decrease Purkinje strand force develop- 
ment. 

Recent in vitro studies of bepridil (D. A. Lathrop, 
unpublished observations) strongly suggest an intra- 
cellular site of action in addition to membrane-specific 
calcium influx inhibition. For example, bepridil, in 
contrast to other calcium antagonists, protects against 
mitochondrial swelling? under conditions of simulated 
myocardial ischemia (elevated concentrations of in- 
tracellular inorganic phosphate) (M. A. Matlib, un- 
published observations). 

These reports have exciting implications for the 
treatment of patients with cardiovascular disease and 
arrhythmias, if the pharmacologic effects of bepridil are 
subsequently documented in human subjects, at doses 
currently used to treat angina pectoris investigation- 
ally. 

In summary, although the calcium-channel antago- 
nists are structurally diverse drugs, as a class they pro- 
duce certain pharmacologic effects that serve to define 





TABLE VI Effects of Test Drugs on the Incidence of 
Reperfusion-Induced Premature Ventricular 
Systole (PVS), Ventricular Tachycardia (VT) 
and Ventricular Fibrillation (VF) 
Incidence (%) of: 
Concentration 
Treatment (uM) PVS VT VF 
Untreated 100 100 100 
Bepridil 1 100 100 57 
2 75 63 13 
4 33 17 
Verapamil 0.5 67 67 50 
1 67 25 
2 0 0 
Diltiazem 1 100 100 100 
2 50 17 
Nifedipine 0.02 100 100 100 
0.05 100 83 67 
0.2 100 100 100 





Data adapted from Brannan et al.5 









the group. Bepridil, verapamil, nifedipine and diltiazem - 
all inhibit the transmembranous ionic flux of calcium ~ 
through the slow channel, albeit at different doses and — 
with different effects at the calcium-dependent sites. - 
Bepridil, unlike other drugs of this class, appears to _ 
possess the additional ability to inhibit the sodium - 
channel in myocardial and Purkinje tissue of various - 
species. If this quinidine-like activity can be docu- - 
mented in human subjects, bepridil may be an effective - 
class I and class IV antiarrhythmic agent in addition to a 
being a traditional calcium-channel blocker. It has been — 
suggested that bepridil may also be a class Ш antiar- - 
rhythmic agent. 
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Pharmacokinetics and Metabolism of Bepridil 


LESLIE Z. BENET, PhD 


Bepridil hydrochloride differs from the other calcium 


antagonists in structure as well as in several clinical 
pharmacokinetic characteristics. The drug is com- 


_ pletely absorbed from the gastrointestinal tract, but 
first-pass extraction reduces oral bioavailability to 
approximately 60%. After single-dose administra- 
_ tion, the elimination half-life of bepridil averages 33 


ттт үп! HZ y 


+ 15 hours. However, upon multiple dosing, a half- 


life of 42 + 12 hours is found. As with verapamil and 
diltiazem, bepridil clearance is decreased after 


` multiple dosing. Bepridil is completely metabolized, 
. presumably by hepatic oxidative processes. A total 
Of 17 metabolites have been identified, but the 
. contribution of any of these metabolites to observed 
. clinical response is currently unclear. The free 


` Pharmacokinetics may simply be defined as what the 


- body does to the drug, as opposed to pharmacody- 


namics, which may be defined as what the drug does to 


_ the body. Knowledge of both the pharmacokinetics and 


pharmacodynamics of a drug allows the pharmacologic 


` scientist to suggest a proper dosage regimen for the drug 
in the population to be treated and the clinician to 


modify this regimen for the particular patient being 


- treated. This report will review the pharmacokinetics 
` and metabolism of bepridil in man, with some refer- 


` ences to animal study data. The pharmacodynamics of 


the drug will be the subject of many of the reports to 


- follow. Relatively few published studies have been 


concerned with the pharmacokinetics and metabolism 


` of bepridil in animals and man, although a recent report 


— has reviewed the results in healthy volunteers.! 


Bepridil hydrochloride, a calcium-channel blocker 
with cardiovascular activity, was first developed in 


_ France and is available there for the treatment of pa- 
_ tients with angina pectoris. Bepridil differs from the 


` other calcium antagonists in structure as well as in 
` pharmacokinetic characteristics. The pharmacokinetics 


of verapamil, nifedipine and diltiazem have recently 


been reviewed.?-? Table I compares bepridil with these 


. From the Department of Pharmacy and the Drug Studies Unit, University 


` of California at San Francisco, San Francisco, California. 
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fraction of bepridil in plasma is low, averaging only 
0.23%. Despite this high protein binding, in vitro 
studies indicate that the potential for drug-to-drug 
interactions based on displacement of bepridil from 
its binding sites is low. Bepridil follows a linear 
dose/plasma concentration relation after single and 
multiple doses of the drug in both healthy volunteers 
and patients with angina. However, mean steady- 
state plasma bepridil concentrations are higher in 
patients, indicating a greater average decreased 
clearance. Food does not interfere with bepridil 
absorption. At this time, no significant pharmaco- 
kinetic interactions between bepridil and digoxin 
have been detected. 

(Am J Cardiol 1985;55:8C- 13C) 


3 commercially available calcium antagonists.® 2? As has 
been my practice?? when multiple studies with varying 
results have been published, I have chosen a single value 
that in my opinion best reflects the population data. 

Important differences between bepridil and the other 
3 calcium-channel antagonists are readily apparent. 
First, the half-life of bepridil approaches 2 days, which 
is almost 5 to 6 times longer than that of any of the other 
3 compounds. Second, although each of the calcium- 
channel antagonists shows a high degree of binding, the 
protein binding of bepridil is markedly greater than that 
of the other 3 compounds (the free fraction is only 
0.23%). The plasma clearance of bepridil is less than that 
of the other 3 compounds, as would be expected where 
there is a high degree of protein binding, and this de- 
creased clearance appears to give bepridil the highest 
oral availability of the group. 


Chemistry 


Bepridil hydrochloride, 6-[(2-methylpropoxy)- 
methyl] -N -phenyl- N - (phenylmethyl)-1-pyrrolidine- 
ethanamine monohydrochloride monohydrate, is not 
related chemically to other cardioactive drugs. Bepridil 
has an asymmetric carbon and is optically active. The 
drug for clinical use is a racemic mixture of the (+) and 
(—) isomers. Although the isomers are reported to be 
equally active in dog models (B. V. Organon, unpub- 
lished observations), the activity or metabolism of the 
individual isomers has not been determined. Verapamil 
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TABLE! Summary of Pharmacokinetic Parameters of Calcium-Channel Antagonists in Healthy Volunteers 3 
Bepridil Diltiazem Nifedipine Verapamil = 

1 

Oral bioavailability (96) 59 + 18 44 + 108 45 + 283 19 + 1216 | 
Clearance (iv dose) (ml/min/kg) 5.31 + 2.48 11.5 + 1.8? 10.3 + 5.213 11.8 + 5.016 ; 
Decrease in clearance on multiple dosing 2-fold 2.4-fold? Not reported 2- to 2.5-fold!7-19 | 
Half-life (h) (single oral dose) 33 + 615 3.2 + 1.310 3. 4 + 1.213 4.8 + 2.416 E 
Urinary excretion of unchanged drug (96) «Q0. 19 <4" 014 ce - 1 
Active metabolites 4-OH-N-phenyl Desacetyl-diltiazem"' None reported Norverapamil?! 2 
bepridil d 

% Protein bound >997 78 + 3% 9815 90 + 222 = 
Volume of distribution, area (liter/kg) 8.0 + 5.3! 5.3 + 1.710 1.4 + 0.613 4.7 X: 2.519 — g 


is also available as a racemic mixture. Eichelbaum et 
а12%25 have proposed that verapamil undergoes a ste- 
reoselective presystemic extraction, and the more active 
(—) isomer is preferentially cleared. Their hypothesis 
is based on the observation that to produce the same 
change in the electrocardiograph PR interval, verapamil 
plasma concentrations are required to be 2 to 3 times 
higher after oral dosing than after intravenous admin- 
istration. Diltiazem is also an optically active compound 
but is administered as the d-cis isomer. 


Analytic Methods 


Some studies describe bepridil plasma concentrations 
measured by a high-performance liquid chromatogra- 
phy assay method.”° This method is specific for bepridil 
and is precise and accurate over the plasma concen- 
tration range of 10 to 2,000 ng/ml. A gas chromato- 
graphic assay with nitrogen-sensitive detection, used 
in other studies, has a sensitivity threshold at least as 
low as 10 ng/ml plasma.?? Metabolism studies in animals 
and man have been carried out using bepridil containing 
carbon-14 uniformly labeled in the N-phenyl ring. The 
bioavailability of bepridil has also been determined 
using carbon-13 labeling and a gas chromatographic/ 
mass spectrometric assay.?? 


Metabolism 


Bepridil and 17 metabolites have been isolated and 
identified from the plasma, urine and fecal samples of 
human subjects receiving bepridil-!4C.6 Figure 1 par- 
tially illustrates the proposed metabolic pathway for 
bepridil in man. Only those metabolites representing 
approximately 25% of the total 14C in the sample are 
included herein. Three proposed primary metabolic 







pathways have been suggested: aromatic hydroxylation | 
(Та), isobutyl hydroxylation (Ib) and alicyclic hydrox- 
ylation (Ic). Loss of the substituted propyl group is a | 
quantitatively important secondary metabolic pathway. - 
In man, the primary circulating metabolites known at - 
this time are IV and a product that appears to come · 
from Ic; the major urinary metabolite is a conjugate of © 
compound IV, whereas other primary urinary metab- 3 
olites are Ia, V and Vy; the major fecal metabolite is | d 
Ia. к 
At least 1 of these metabolites, Ia, has demonstrated - ў 
cardiovascular activity (Р. J. O'Neill, unpublished ob- — 
servations). Evaluation of pooled (0 to 24-hour) plasma - Я 

from а single-dose radioactive study in 5 volunteers 
showed that <5% of the radioactivity was attributed to- 1 

this compound versus approximately 16% for un- 
changed bepridil. The cardiovascular activity of this ; 
3 


compound has been studied in the isolated perfused 
guinea pig heart preparation, and the effects are similar — 
to those observed with bepridil, that is, significant in- 
creased coronary flow, decreased contractile force and. 
no effect on heart rate. Studies in spontaneously hy- - 
pertensive rats showed that after oral and intraperito- 





neal administration, Ia produced a sustained decrease _ 
in blood pressure and, after a transient decrease, a - 
sustained increase in heart rate. The latter effect is not _ 
seen with bepridil. Inspection of the blood pressure _ 
wave forms revealed no evidence of cardiac dysrhyth- | 1 
mias. Plasma concentration time-course information 
on metabolite Ia in man is not currently available. E 
In a study in 5 healthy male volunteers administered | 4 
а 400-mg solution dose of bepridil-!4C hydrochloride, _ х 
a total of 66.6 + 3.1% of the administered dose was ех- i 
creted in the urine during the 10-day period after dos- _ 
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FIGURE 1. Proposed metabolic pathway for bepridil 
in man. Of the 17 metabolites identified in man, only 
those representing approximately 2596 of total 
carbon-14 in the sample are included. 
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ing. Less than 0.1% of the dose was found as unchanged 
- bepridil. Fecal excretion accounted for 22.6 + 3.3% of 
_ the administered dose with 1% as unchanged bepridil. 
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Protein Binding and Distribution 


- Bepridil is highly protein bound,}7.29 significantly 
. more so than the other calcium-channel antagonists 
` (Table I). Pritchard et al? found that the free fraction 
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_ was only 0.23% over the concentration range 200 to 2,000 
` ng/ml (which essentially covers the range achieved with 
_ therapeutic doses of bepridil hydrochloride), and that 
- binding to heparinized plasma obtained from healthy 
` subjects was constant. At a somewhat higher concen- 
- tration of 4,000 ng/ml, binding decreased with a free 
_ fraction of 0.29% and further decreased at 20,000 ng/ml 
to 0.69%. A saturable, high-affinity plasma protein 
_ binding site for bepridil was present in a mixture of 
. human serum albumin (HSA) plus a-1-acid glycopro- 
tein (ФАС) but not in the HSA solution alone, 
suggesting that «AG is a significant binding component 
` of human plasma. The high-affinity site accounts for 50 
- to 60% of bound drug in plasma at clinically observed 
_ bepridil plasma concentrations. Significant binding to 
` «AG has also been reported for diltiazem!” and nifedi- 
_ pine.!? Keefe et al?? suggested that verapamil was not 
- bound to «AG. McGowan et al?? found that although 
| «АС is by no means the major binding protein for 
verapamil (86% bound to plasma components other 
than «AG), «AG concentration appears to be the major 
Е contributor to individual variation, accounting for some 
` 70% of the variability in their population. Because «AG 
- binding varies across the normal population and 
- changes significantly in a number of disease states, the 
- high variability in bepridil clearance (Table I and the 
_ following sections) may well be due to variation in «AG 
- binding. Measurements of free bepridil concentration 
and a possible correlation with «AG levels should be 
_ included in future clinical studies with bepridil. 
Albengres et al? recently reported that the free 
fraction for bepridil in human serum was 2.0 + 0.1%, 
_ although the previously published abstract of this work 
- indicated that 0.9% was free in blood and that 55% of the 
_drug was bound to erythrocytes.?! Like Pritchard et al,’ 
- Albengres et al? observed no changes in binding over 
the range of concentrations used. Albengres et al?9 
found that the binding capacity of HSA for bepridil was 
twice that for «AG, but that the saturable dissociation 
- constant for «AG was only about 6% of that for HSA. 
(Pritchard et al’ found this ratio to be 15%.) 
_ The blood-to-plasma ratio for bepridil is reported to 
` be 0.66 to 0.687 and 0.70 + 0.0229 versus 0.90 for verap- 
amil and 1.0 for diltiazem. Using the values of Pritchard 
et al’ for the blood-to-plasma ratio, the free fraction and 
the hematocrit, it is possible to calculate?? the red blood 
 cell-to-free plasma concentration ratio. A value of 76 is 
calculated for bepridil (measured 65 to 80) versus 7.5 for 
` verapamil and 4.5 for diltiazem, reflecting the very high 
lipid solubility of bepridil and partially explaining why 
 bepridil has the highest volume of distribution for the 
 calcium-channel antagonists (Table I) while being the 
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most highly plasma protein bound of the group. 

Nonesterified fatty acids, modifiers of plasma binding 
for many drugs, had little or no effect on bepridil 
binding. Of the known bepridil metabolites in man, 
4-hydroxyphenyl bepridil (Ia) was capable of displacing 
bepridil from its plasma protein binding sites, but only 
when added in molar concentrations in excess of 10- or 
100-fold. Similarly, diltiazem, nifedipine, verapamil, 
disopyramide and warfarin did not affect bepridil 
plasma protein binding when added at equal molar 
concentrations. Lidocaine, quinidine, procainamide, 
propranolol, methyldopa, furosemide, digoxin, hydro- 
chlorothiazide and salicylate had no effect on bepridil 
plasma protein binding (McNeil Pharmaceutical, un- 
published observations). 


Disposition Pharmacokinetics 


Because of the apparent changes in clearance with 
repeated dosing, comments concerning the clearance 
and half-lives of the calcium-channel antagonists must 
be made cautiously. The plasma clearance value re- 
ported in Table I for bepridil (5.31 ml/min/kg) was de- 
termined after intravenous dosing. This value divided 
by the blood-to-plasma ratio (0.67) and the hepatic 
blood flow (21.4 ml/min/kg) yields a predicted hepatic 
extraction ratio of 37%. Tillement et al! indicated that 
plasma concentrations after a 100 mg intravenous dose 
can be described by an equation with 3 exponential 
functions corresponding to half-lives of 2 minutes, 2 
hours and 47 hours. Although a clearance value was not 
reported, a calculated extraction ratio of 2696 was given. 
These investigators! also reported that plasma kine- 
tics are dose independent over a dose range of 200 to 
600 mg. 

'Two oral dose-ranging studies demonstrated a linear 
relation between peak concentration and doses from 100 
to 600 mg.?? Based on data from 4 other studies,?* which 
used a different analytic method and a different dosage 
form, 300- and 400-mg doses yielded consistent peak 
concentrations. When the data from these studies were 
combined, the following relation was found: Cpeak = 2.20 
dose + 45; r? = 0.927. 

Because of assay limitations, area under the curve 
(AUC) measurements in the earlier studies?? were 
available only for 300- to 600-mg doses. In this case, a 
good linear relation between AUC and dose was found; 
however, a significant negative intercept was noted: 
AUC = 22.3 dose — 2620; r? = 0.980. 

The relative AUCs from the later studies?* were sig- 
nificantly higher than those noted previously, and when 
studies using both analytic methods were combined, a 
very poor relation (т? = 0.302) was found. However, in 
the study designed to test linearity with 4 doses over a 
2-fold dose range, linearity was obtained.?? 

Linearity was also observed in multiple dosing studies 
in both volunteers and patients. In these studies (Table 
II) results were comparable for both analytic methods. 
The minimum steady-state concentration (+ standard 
deviation) over the subject population in each study was 
noted at 3 different doses. The crossover study in 11 
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M. 
TABLE 1 Bepridil Dose Ranging: Multiple Dose Cmin and Cpeax (ng/ml) at Steady State y $ 
Study 200 mg 300 mg 400 mg 600 mg Relation 4 
Minimum Concentration Measurements 
A. 11 volunteers, 160 + 105 355 + 208 498 + 240 Cmin = 1.69 dose — 169 — — 
crossover, once daily?* r? — 0.992 zs 
B. 7 volunteers, 230 + 106 390 + 185 820 + 265 Cmin = 1.47 dose — 57 
crossover, twice daily r? — 0.999 «t 
C. 24 to 29 patients, 337 + 255 746 + 603 959 + 673 Cmin = 3.11 dose —252 . 
no crossover, once r? — 0.968 AN 
daily?? 3 
D. 23 to 28 patients, 456 + 326 676 + 439 882 + 504 Cmi = 2.13 dose + 32 | 
no crossover, twice r? = 1.000 i. 
daily?3 A 
Peak Concentration Measurements NU 
A. As above? 764 + 312 1,268 + 399 1,631 + 427 Среак = 4.34 dose — 80 S 
г? = 0.991 ES 
volunteers?? yielded steady-state minimum concen- calculated using Equation 2, a measure of the blood- ` 
trations similar to those found by Kantelip et al,3 in a to-plasma (B/P) ratio (0.67) and an estimate of hepatic 
crossover study of 7 volunteers. Although twice-daily blood flow (21.4 ml/min/kg): 1/CLp = AUC/dosega + 
dosing was used in the latter study,?6 theoretically this 1/(B/P)Qg (Equation 2). RV 
should only cause minimum plasma concentrations to Once CL; is determined, an estimate of сап also be . 
increase by <15% for a drug with a 33-hour half-life made by rearrangement of Equation 1. Using the area 
(Table I). Considering the large standard deviations measurements from single-dose 400-mg oral studies, 
found in the populations studied, a 15% difference a mean value of CL,/F of 8.88 ml/min/kg is found.  - 
would easily be obscured. This certainly is the case in Substituting the appropriate values in Equation 2 yields 2 
the 2 studies in patients with angina pectoris (non- a predicted plasma clearance of 5.48 ml/min/kg, which  : 
crossover), in whom both once- and twice-daily dosings then leads to a calculated availability of 62% from _ 
were tested.?7 Even with the large standard deviations Equation 1. These values agree extremely well with the — 
noted, the patients obviously maintained higher actual clearance and oral availability parameters ob- 3 
steady-state minimum levels than did the normal vol- tained after oral and intravenous doses (Table I). Thus, 
unteers at comparable doses. single-dose data on bepridil in healthy volunteers ap- — 


The data just described for both single and multiple 
doses are probably sufficient at this point to conclude 
that linear dose-to-plasma concentration relations exist 
over the proposed human dosing range. For all of the 
calcium-channel antagonists, this pharmacokinetic 
property may be the only appropriate comparison when 
oral dosing is considered, because these agents show 
significant hepatic first-pass extraction. If, indeed, 
changes in clearance are found with increased dosing, 
then changes in bioavailability also will be observed. 
Oral dosing comparisons of AUC and Cj, will reflect 
the ratio of these 2 dependent variables, that is, CL/F. 
This finding is further illustrated in the following dis- 
cussion of absorption and bioavailability. 


Absorption and Bioavailability 


Bepridil, like the other calcium-channel antagonists, 
is completely absorbed from the gastrointestinal tract. 
That is, «0.196 of unchanged drug appears in the urine 
and approximately 1% of an oral dose appears un- 
changed in the feces. The decreased bioavailability is 
probably due almost entirely to hepatic first-pass me- 
tabolism. With drugs administered orally, the dose- 
to-AUC ratio equals plasma clearance (CL;) divided by 
availability (Е): CLp/F = doseorai/AUC (Equation 1). 
Assuming that all of the oral dose is absorbed and that 
decreased availability is due only to first-pass hepatic 
metabolism, the plasma clearance for bepridil may be 
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pear to follow linear kinetics and to yield results con- 
sistent with decreased availability predicted on the basis 
of first-pass hepatic metabolism. 


After multiple dosing of 400 mg/day, the AUC over _ 
a dosing interval doubled from the AUC determined _ 
after a single 400-mg oral dose. That is, CL/F for the _ 


400-mg multiple oral dose averaged 4.45 ml/min/kg. The 
clearance-to-availability ratio was halved upon multiple 
dosing; however, because of the interrelation between 
availability and clearance, both of these parameters may 
have changed. For example, substituting the appro- 
priate values into Equations 2 and 1 for the multiple 


oral dosing yields a predicted plasma clearance of 3.40 ^а 
ml/min/kg and a bioavailability of 76%. Therefore, the — — 
clearance decreased 38%, whereas bioavailability _ 


showed a relative increase of 23%. Half-life increased 


on multiple dosing from 33 + 15 (Table I) to 42 + 12 д 


hours in the multiple dose studies.?? This long terminal 
half-life may cause some concern in terms of the time 
required for plasma levels to decay if a toxic response 
is encountered. However, this long half-life will pri- 


marily describe decay from the minimum concentra-  - 
tions at steady state, as exemplified by comparison of ~ 


the mean peak and minimum concentrations seen in 
study A?? (Table II). Peak concentrations range from 


4 to 5 times the minimum concentrations for each dose. —_ 


Therefore, during a given dosing interval, decay from 


a high plasma concentration will occur relatively rapidly — 


during the first 24 hours. 
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Plasma concentrations peak at 2 to 3 hours after 


- single oral doses and at about 2 hours on multiple dos- 
E ing.?? Administration of bepridil immediately after a 


. meal showed a small but significant increase in peak 


time from 2.6 to 3.8 hours with no change in the AUC.?4 
The results of this study indicate a slightly reduced rate 


` of drug absorption when bepridil is administered im- 


mediately after a meal; however, food does not affect the 
extent of absorption. 


Drug and Disease Pharmacokinetic 
Interaction Studies 


To date, it appears that bepridil has no effect on di- 
goxin concentrations.’ This finding was shown in a 
study in which 12 healthy volunteers received 0.375 mg 


— of digoxin alone for 2 weeks and then bepridil at 300 
` mg/day coadministered for an additional 3 weeks. This 


lack of interaction is in marked contrast to the verapa- 
mil-digoxin interaction in which the calcium-channel 


` antagonist decreases both the renal and the extrarenal 
. elimination of digoxin.?? Although an initial report in- 


dicated that conventional nifedipine dosage would in- 
crease plasma digoxin levels,?? 2 recent reports dem- 
onstrated no effects with concurrent nifedipine 
administration.404! 

А preliminary study of the pharmacokinetics of 
bepridil was conducted in 5 patients with hepatic in- 
sufficiency.42 After repeated administration (200 
mg/day divided into 2 doses for 14 days) minimum 
steady-state plasma concentration averaged 456 + 228 
ng/ml. (Note that this value is equivalent to the average 
found’? for the 200 mg divided dose in patients [Table 


Ш.) The average terminal half-life in these 5 patients 


was 4.6 + 3.3 days versus 2.0 + 0.3 days in 11 healthy 
subjects. However, the mean half-life for the patients 
with hepatic disease was significantly influenced by 1 


- subject with a half-life of 10.4 days. The half-life values 


for the other patients were 2.7, 2.7, 3.5 and 3.8 days. 
Therefore, the presence of hepatic disease currently 
appears to have no significant effect on bepridil phar- 


. macokinetics. By contrast, hepatic dysfunction causes 


-~ marked decreases in total plasma clearance of verapamil 


and increases in apparent volume of distribution and 
elimination half-life.*? These data led Somogyi et а43 
to recommend a 5046 reduction in intravenous dosage 


` and an 80% reduction in oral dosing of verapamil in 


cirrhotic patients. Because first-pass hepatic metabo- 
lism is significantly greater with verapamil (Table I) 
than with bepridil, such marked dosage adjustments 
would probably not be required, even if hepatic disease 


-~ did affect bepridil pharmacokinetics. 


In summary, the pharmacokinetics of bepridil are 
unique compared with those of the 3 commercially 
available calcium antagonists. The long half-life of the 
drug should allow once-a-day dosing while maintaining 
adequate drug levels in the body. The lower clearance, 
probably owing to increased protein binding, when 
compared with that of the other compounds (Table I), 
results in higher availability and possibly less variation 
across the population, although disease-related changes 
in protein binding could lead to greater variability. 


SYMPOSIUM ON BEPRIDIL: A NEW ANTIANGINAL AGENT = 


Because bepridil is highly lipid soluble, there is a large 
volume of distribution for the drug despite the high 
degree of plasma protein binding. As with the other 
calcium antagonists, clearance divided by availability 
(CL/F) decreases on multiple dosing, although dose 
linearity is maintained. On average, this decrease in 
CL/F is greater after multiple dosing in the patient 
populations examined thus far than in healthy volun- 
teers. Dose titration with bepridil should probably be 
carried out in patients with the expectation that linear 
changes with dose for drug levels or amounts in the body 
will occur. 
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Comparative Electrophysiologic Profiles 
of Calcium Antagonists 
with Particular Reference to Bepridil 


BRAMAH N. SINGH, MD, DPhil, KOONLAWEE NADEMANEE, MD, GREGORY FELD, MD, 
MARTHA PIONTEK, RN, and MARK SCHWAB, MD 





The calcium antagonist bepridil hydrochloride differs 
pharmacologically from the conventional agents that 
block the myocardial slow channel. Its clinical 
electrophysiologic effects are poorly defined. The 
effects of 2 mg/kg + 1 mg/kg of intravenously ad- 
ministered bepridil in 10 patients were compared 
with those of 3 mg/kg + 1 mg/kg in 9 patients 
undergoing electrophysiologic evaluation of clinical 
symptoms. The overall effects of the 2 regimens did 
not differ significantly. The drug reduced the heart 
rate slightly; it had no effect on the PR interval but 
significantly lengthened the AH interval by 2 to 1096, 
HV by 2 to 12% and QT, by 5 to 896. The most 
striking effect was the prolongation of the functional 
(up to 17%, p «0.001) and the effective (up to 


13%, p «0.001) refractory periods of the atrio- 
ventricular node with a lengthening of the Wenck- 
ebach cycle (up to 1796, p «0.001). In contrast to 
the action of verapamil, bepridil significantly pro- 
longed the ventricular (4 to 796, p «0.01 to p 
« 0.001) and the atrial (12 to 19%, p «0.05 to p 
« 0.001) effective refractory periods. The data in- 
dicate that bepridil hydrochloride has a wide 
spectrum of electrophysiologic activity in man 
consistent with inhibitory actions on myocardial slow 
and fast channels and a significant lengthening of 
cardiac repolarization. These overall effects suggest 
that the antiarrhythmic profile of the drug is likely 
to be wider than those of conventional calcium an- 
tagonists. (Am J Cardiol 1985;55:14C- 19C) 





Delineation of the antiarrhythmic spectrum of activity 
of drugs is very much dependent on an appreciation of 
their overall electrophysiologic properties in vitro as well 
as in vivo.! In the case of calcium antagonists, it has been 
shown that as a class these agents act essentially by in- 
hibiting slow-response action potentials in the heart.?-4 
However, because they also induce varying degrees of 
peripheral vasodilation, their direct electrophysiologic, 
inotropic and chronotropic effects in vivo are modified 
greatly by reflex autonomic activity resulting from pe- 
ripheral vasodilation.4 Further, because calcium an- 
tagonists are chemically heterogeneous and tend to 
exhibit additional properties such as noncompetitive 
sympatholytic effects to a variable degree, the net ac- 
tions of these agents may reflect a multiplicity of com- 
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petitive or additive influences on electrophysiologic 
parameters. The net electrophysiologic effects of the 
available agents—nifedipine, diltiazem and verapa- 
mil—have been reasonably well defined. Bepridil 
hydrochloride is a relatively new calcium antagonist 
that appears to have a complex pharmacologic profile.® 
In this article we will discuss the overall electrophysi- 
ologic profile of bepridil relative to those of the con- 
ventional agents with particular reference to new data 
from our clinical laboratory regarding the effects of the 
drug intravenously administered in patients undergoing 
electrophysiologic study for the evaluation of cardiac 
arrhythmias. 


Electrophysiologic Effects of Conventional 
Calcium Antagonists 


In vitro actions: In isolated cardiac muscle, verap- 
amil, diltiazem and nifedipine inhibit the slow inward 
current in a concentration-dependent manner’ but at 
concentrations in which the fast sodium current is not 
affected significantly.”° This establishes the selectivity 
of action of this class of drugs for the myocardial slow 
channel but at higher concentrations, especially 
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diltiazem or verapamil, the fast channel may be blocked 
to a variable degree. However, at concentrations in 
which the slow channel is blocked by calcium antago- 
nists in the atria, ventricles or Purkinje fibers, there is 
no effect on the upstroke velocity of the action poten- 
tial;^" similarly, there is no significant effect on the 
time-dependent refractoriness in these tissues.*7 
However, the inhibition of the slow channel in the atria, 
ventricles or Purkinje fibers by calcium antagonists has 
2 consequences. First, it uncouples excitation-con- 
traction coupling so that the magnitude of isometric 
contraction is progressively attenuated as a function of 
drug concentration. Second, there is a slight but con- 
sistent acceleration of the repolarization phase of the 
action potential, which is possibly due to secondary 
effect on potassium conductance.^ 

As might be expected, the most obvious and readily 
demonstrable effect of calcium antagonists in isolated 
muscle is the depression of slow-channel action poten- 
tials in the sinoatrial and atrioventricular (AV) nodal 
fibers.?-4 Thus, sinus node frequency is markedly re- 
duced by the depression of the phase 4 depolarization 
with an eventual abolition of impulse formation re- 
sulting in sinus arrest. Similar concentration-dependent 
effects are found in the AV node with the development 
of AV block.?? Excitability and impulse conduction in 
the AV node during the influence of calcium antagonists 
become extremely rate dependent with a marked 
lengthening of the effective and the functional refrac- 
tory periods.? 

In vivo actions: There is an excellent concordance 
between the in vivo and the in vitro actions of calcium 
antagonists.4^? Further, the actions in intact animals and 
man are similar. None of the compounds has an effect 
on the QRS duration on the surface electrocardiogram, 
and, despite the modest acceleration of the plateau 
phase of the action potential noted in isolated cardiac 
muscle,?!! the QT interval is not affected significantly.4 
Intracavitary recordings have shown that the most 
consistent effects are characterized by significant 
lengthening of the intranodal conduction time and the 
effective and functional refractory periods of the AV 
node. There is also an increase of the Wenckebach cycle 
length of the AV node during right atrial pacing. Be- 
cause calcium antagonists do not affect the fast channel, 
there is no significant prolongation of infranodal con- 
duction or of the refractoriness of the atria, ventricles, 
. His-Purkinje system or accessory tracts in the heart.4 
Thus, the dominant effect of this class of drugs is in the 
sinus and AV nodes.? However, in these tissues the net 
effect is greatly dependent on the underlying functional 
integrity of the nodal tissues, the level of the autonomic 
tone and the degree of reflex responses produced by the 
individual calcium antagonist's propensity for periph- 
eral vasodilation. 

Some of the calcium antagonists such as verapamil 
and diltiazem exhibit varying degrees of noncompetitive 
adrenergic antagonism that may also influence the 
overall effect of individual compounds on sinoatrial and 
AV nodal functions. For example, nifedipine, because 
it is a potent peripheral vasodilator devoid of sym- 
patholytic actions, either has no effect on or shortens 
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the AV nodal effective refractory period and accelerates | 
AV nodal conduction,* while producing sinus tachy- 
cardia. For the same reason, it has minimal effect on 
sinus node function in patients with the sick sinus. 
syndrome. In contrast, verapamil and diltiazem, both | 
less potent peripheral vasodilators, while having sig- - 
nificant noncompetitive sympatholytic actions, depress 
AV conduction, lengthen refractoriness in the AV — 
node®* and may aggravate existing sinus node dys- | 
function. They rarely produce reflex tachycardia; they - 
often produce bradycardia. 

These general considerations provide the basis for 1 
examining the clinical electrophysiologic properties of 
bepridil hydrochloride. Preliminary in vitro data sum- 
marized elsewhere in this symposium suggest that the 
electrophysiologic properties of intravenously admin- _ 
istered bepridil might differ somewhat from those of 
conventional calcium antagonists. For example, it has | 
been shown that this compound, unlike verapamil or 
diltiazem, depresses the upstroke velocity of phase zero _ 
of the action potential,!?:!4 suggesting a significant so- - 
called class I effect. Moreover, it appears that during 
long-term administration the compound tends to | 
lengthen the QT interval of the surface electrocardio- 
gram indicating a significant class III electrophysiologic - 1 
effect in addition to its documented depressant actions 
on the slow response in isolated cardiac muscle.!?-17 The · ы 
objectives of the present study were to delineate the - 

















electrophysiologic effects of 2 doses of bepridil hydro- 
chloride (2 mg/kg + 1 mg/kg; 3 mg/kg + 1 mg/kg) given © 
intravenously to patients undergoing evaluation in the й 
Electrophysiologic Laboratory. SA 


Materials and Methods | | 


Patients: The study population comprised 19 male pa- 
tients, whose mean age was 60 (range 38 to 74) years. All had - 
clinical indications for the electrophysiologic evaluation of 
symptoms that were due to or suspected to be caused by dis- 
orders of cardiac rhythm or conduction. Twelve had athero- . 
sclerotic heart disease, 1 had hypertension and 1 had Wolff- 3 
Parkinson-White syndrome. In 5, no organic heart disease was 
demonstrable. The presenting symptoms or arrhythmias in ж 
8 were related to ventricular tachycardia, in 5 to paroxysmal | É 
supraventricular tachycardia, in 5 to syncope and in the re- 
maining patient to paroxysmal atrial flutter-fibrillation. Я 

Protocol: All patients were admitted to the coronary care _ 
unit for continuous electrocardiographic monitoring if ap- 
propriate. If the patients were on antiarrhythmic therapy, it - 
was discontinued for at least 5 elimination half-lives of the 
drug in question. After baseline electrophysiologic parameters a 
were determined, bepridil hydrochloride was infused through _ 
a central venous catheter at an initial dose of 2 mg/kg over 15 _ 
minutes in the first 10 patients; all electrophysiologic mea- — 
surements were then repeated and a second infusion of the © 
drug, 1 mg/kg, was given over 15 minutes. All electrophysio- - 
logic measurements were again repeated. In the second series _ 
of patients, who were studied in an identical manner, the dose — 
of bepridil was З mg/kg followed by 1 mg/kg. All doses of — 
bepridil were administered at a constant rate by an infusion — 
pump. The protocol was reviewed and approved by the . 
Wadsworth Hospital Research Committee for the Protection - 
of Human Subjects. Y 

Electrophysiologic studies: Studies were performed in _ 
the Clinical Electrophysiologic Laboratory with the patients _ 
in the preabsorptive state without premedication. Electrogas, B 
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catheters were inserted percutaneously or by cut-down 
technique and were positioned under fluoroscopic control at 
multiple cardiac sites. The recording sites included the high 
right atrium (RA), His bundle (HB), right ventricular (RV) 
apex and coronary sinus. Standard quadripolar electrode 
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о o| хоч чошосоч 9? Ө RA at incrementally higher fixed pacing rates for 1 minute to 
© C |«*O-—q«Wdo-dqadodosiu o Ф А н 
5 S| HHHHHHHHHHH Hl > 170 beats/min or until AV nodal Wenckebach developed. 
5 8 м лю єч Ө со юс: P 9 Definitions of electrophysiologic terms: The AH interval 
de веска" S aeo A ж was measured from the initial rapid deflection of the low RA 
E 2 electrogram to the initial deflection of HB depolarization 
à 2T. (normal range 60 to 120 milliseconds). The HV interval was 
Е am И. measured from the initial His deflection to the earliest onset 
o hoa СЭ Гу — к: : х ^ жыр 
+ > > _22 9 2 e| 5 of ventricular activation (normal range 35 to 55 milliseconds). 
а. 5 С = 2BESgR- € The effective refractory period of the atrium was defined as 
£ o Si S o аг 8 the longest 515 that did not result in atrial depolarization. 
$ 5a o- teas be i 5 s б The effective refractory period of the AV node was defined 
5 go|-9got-—Erooo93 © as the longest А Ag interval at which Ag did not propagate to 
9 а с ARES L= UYYY OS a RODE rer FLAME 2:3 PIORAR 
r- ce/ES~SEEr-~2OSRE| | e His-Purkinje system. The effective refractory period o 
© ie segs ee th а iride defi d es th i 5\8 эг. es 
g E554zz522az03| 7 e ventricle was defined as the longest 5152 interval during 
> =v ventricular DOS with vui dein парча ici meas 
= © © at which S» failed to produce ventricular depolarization. 
=» о д 2 
5 4 o2 Analysis of data: All data are expressed as the mean + 
= 2 5 сч со „буо Oa | VE iati h seri f i i h 
a моо мм» sS ҮЧ _ standard deviation from each series о patients given the 
M 5 S| осот ттт оч состо | + п identical dosage regimen of bepridil. The effects of the drug 
зо 22| HHHHHHHHHHH d m, on the electrophysiologic parameters were evaluated by ex- 
B | WE OX og экзос кес 7 a St amining the mean differences from the baseline measure- 
2 he < «|та A pat ments; the mean percentage change from baseline was cal- 
=| + - 9 culated by dividing the difference between baseline and 
Б 2 Я -" о - infusion values by the baseline value. The t test for paired data 
rai D| „о|очоо at Mo, Rilo Е was used to determine the significant differences, with р = 
Ф = BS|ToTTPT.$T 25989 NL v g 0.05 representing the limit of statistical significance. 
8 c 2| HHHHHHHHHHH H| 25 

2 Е | о-юоо-юочооою oj* = 
2 |< 6458828559 gl $$ асем 
z » 35. de © The mean data for the electrophysiologic effects of 
z T 8.2 bepridil hydrochloride after the 2 drug regimens аге 

Т; .‏ 0100 — ما ص 
o| їл Ботон t Sa shown in Table I.‏ 2 
xb ы v С . . Я a^ әр‏ = 

Z S|HHHHHHHHHHH H| BE Effects on conduction intervals: At the initial dose 
= Z| mRoowrnoocoy о eg of 2 mg/kg, bepridil had no significant effect on the PR, 
2 TIS sae SS 399 e © 5 5 AH, QRS or HV intervals. However, after the additional 
© 5 > dose of 1 mg/kg, the AH interval increased by 10.0% 
2 3 5 § compared with the baseline value (p <0.01). Similarly, 
= Se BRE the increase of 5.7% in the HV interval from 44 + 7 to 
y e L9-8g95 S9 46.5 + 8.8 milliseconds reached statistical significance 
iz n Lass O~~<O~FE| = Ф А А š А 
© " га = CEE Ez сг (p <0.05). In the patients given the higher dose regimen 
Ш 52 БЕ Sane TH 50 (3 mg/kg), the baseline QT, interval of 0.38 + 0.03 in- 
ps d ET UEE б : creased to 0.41 + 0.04 second, an increase of 7.9%, which 
ш & 4| anes #@=ше@# o 3| 3. was statistically significant (p «0.01); there was no 
2 £|& TEE 3 SE 55 further increase after the administration of an addi- 
H Ксбехтбхх«х««°;> tional 1 mg/kg of the drug. The higher dose also signif- 


icantly lengthened the QRS interval (3.5%, p <0.05) and 
the HV interval (9.5% after 3 mg/kg [p <0.05] and 11.9% 
after an additional 1 mg/kg of bepridil [p «0.01]). 
ba, ا‎ had a minimal effect c on ipe олара cycle ij 
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length although after the initial low dose of the drug, 
prolongation of the R-R interval by 6.6% was statisti- 
cally significant (p <0.05). 

Changes in AV nodal and sinoatrial nodal func- 
tion: As is evident in Table I, bepridil at both initial 
doses (that is, 2 mg/kg and 3 mg/kg) significantly in- 
creased the AV nodal functional refractory period, ef- 
fective refractory period and Wenckebach cycle length 
during rapid right atrial pacing. Intracavitary records 
demonstrating changes in the AH interval and the AV 
nodal functional refractory period are shown in Figures 
1 and 2. 

After the initial low dose of the drug, the anterograde 
functional refractory period increased by 12.7% (p 





FIGURE 1. Top. During pacing of high right atrium, premature-stimuli 
scanning diastole (ачаг = 320 milliseconds) reveals an AV node 
functional refractory period (h;h2) of 420 milliseconds and a maximum 
AH interval of 190 milliseconds in this patient during control electro- 
physiologic study. The AH interval during basic pacing cycle length of 
600 milliseconds is 110 milliseconds (a4h4). Bottom. In same patient 
during control period, a more premature stimulus (552) of 220 milli- 
seconds results in a failure of atrial capture indicating right atrial ef- 
fective refractory period. Note, therefore, that the AV node effective 
refractory period is less than the previous shortest aap, or atrial function 
refractory period, of 320 milliseconds. a — atrial electrogram; AP — 
arterial pressure; aVF — standard electrocardiographic lead; h — His 
potential; HBE = His bundle electrogram; HRA = high right atrium; | = 
standard electrocardiographic lead; RV = right ventricle; s = stimulus; 
v = ventricular electrogram; V, = standard electrocardiographic 
lead. 
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<0.001) with the effect becoming insignificant after 30 


minutes despite the administration of a further dose of - 


1 mg/kg of bepridil; the corresponding increase in the 
effective refractory period was 11.0% (p «0.05). How- 


ever, a small but statistically significant increase in the - 


effective refractory period occurred when an additional 


y 


17C ma 


1 mg/kg of the drug was administered (p «0.01, com- - 


pared with baseline). After the higher dose regimen of 


bepridil, both the functional refractory period (17.1%, _ 


p <0.001) and the effective refractory period (12.9%, p — 
<0.001) increased significantly. In both cases, the . 


changes became negligible 30 to 40 minutes later despite 
the further incremental dose of the drug. The increases 
in the AV nodal Wenckebach cycle length were signifi- 
cant after both the lower dose (13.3%, p <0.01) and the 
higher dose of the drug (12.9%, p <0.001), with a mar- 


ginally greater effect evident after the additional dose - 


of the drug in both series. 


Although there was a trend toward an increase in ~ 
sinus node recovery time after each dose of bepridil, the _ 


FIGURE 2. Top. After administration of 3 mg/kg bepridil to patient de- 
picted in Figure 1, repeat atrial pacing reveals the AV node functional 
refractory period increased to 480 milliseconds (h4hz) with the maximum 
AH interval unchanged at 190 milliseconds. However, the AH interval 
during basic pacing at 600 milliseconds increased to 130 milliseconds. 

Bottom. In same patient after bepridil infusion a more premature - 
stimulus (5152) of 400 milliseconds results in AV block revealing marked — 
increase in AV node effective refractory period, from less than 320 - 
milliseconds during control to 400 milliseconds after Weder Abbre- 
viations as in Figure 1. 
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difference was small and only reached statistical sig- 
nificance after the initial lower dose of the drug (15.7%, 
р <0.05). 

` Effects of bepridil on atrial and ventricular ef- 
fective refractory period: In the patients to whom the 
low dose of the drug was given, the mean atrial effective 
refractory period was 248 + 30.8 milliseconds; it in- 
creased by 11.796 (p «0.05) after 2 mg/kg and by 12.1% 
(p «0.05 compared with baseline) after an additional 
1 mg/kg dose. The corresponding changes after З mg/kg 
and an additional 1 mg/kg were 19.3% (p <0.01) and 
18.1% (p «0.001), respectively. T'he changes produced 
by bepridil in the ventricular effective refractory period 
were somewhat smaller. For example, after 2 mg/kg and 
an additional 1 mg/kg of the drug, the ventricular ef- 
fective refractory period increased 5.4 and 6.696, re- 
spectively (p «0.01 for both compared with baseline 
values); after the higher doses (3 mg/kg and an addi- 
tional 1 mg/kg), the corresponding figures were 6.5 (p 
<0.001) and 4.096 (not significant). 


Discussion 


Comparison with other calcium antagonists: Our 
study provides new data on the clinical electrophysio- 
logic effects of intravenously administered bepridil in 
patients who were being investigated for symptoms 
referable to either arrhythmias or conduction distur- 
bances. Although a direct comparison was not made in 
this protocol, the results, when interpreted in light of 
those already reported for other inhibitors of the slow 
channel,* permit a comparison of the properties of 
bepridil with those of conventional compounds. The 
results indicate that bepridil has a modest depressant 
effect on heart rate and intranodal and infranodal 
conduction accompanied by significant increases in the 
effective and the functional refractory periods of the AV 
node. 'The overall effect of the drug on slow-channel 
dependent nodal tissues was also reflected in the pro- 
longation of the AV nodal Wenckebach cycle length 
during rapid atrial pacing and in an increase in the sinus 
node recovery time. However, unexpected findings, 
which could not be explained solely on the basis of 
slow-channel inhibition in the myocardium, included 
lengthening of the QT, interval and significant pro- 
longation of the atrial and ventricular effective refrac- 
tory periods. These properties of the drug differ mark- 
edly from those of diltiazem and verapamil or its 
congeners, none of which consistently or significantly 
affect cardiac repolarization or atrial and ventricular 
refractoriness.* Further, unlike these conventional 
compounds, bepridil, in the doses studied, exerted a 
modest depressant effect on the HV interval. At the 
higher dose it also lengthened the QRS. This suggests 
that, over and above its fundamental action of blocking 
the slow channel in cardiac muscle, the drug has the 
propensity to block the fast sodium channel. Thus, the 
observed prolongation of the effective refractory period 
in the atria and ventricle may be due both to a volt- 
age-dependent and a time-dependent mechanism. The 
overall data clearly indicate that bepridil’s electro- 
physiologic spectrum of activity is considerably wider 
than those of conventional calcium antagonists.*? The 


' 


additional features—characterized by a lengthening of 
repolarization and a depression of conduction owing to 
fast-channel inhibition—are likely to confer a corre- 
spondingly broad overall antiarrhythmic profile for 
bepridil in supraventricular and ventricular tachyar- 
rhythmias. 


Relation to experimentally demonstrated effects: 
The complete electrophysiologic profile of bepridil in 
isolated cardiac muscle is still not fully delineated. 
However, there appears to be a general concordance 
between the reported experimental data!?-17.!? and the 
clinical results presented here. For example, the changes 
in sinus node function, AV nodal conduction and re- 
fractoriness found in our study are consistent with the 
inhibition of the slow channel demonstrated by a 
number of investigators in various isolated tissue 
models.!2-17 

It is of interest that Kane and Winslow!? as well as 
Anno et al!?:14 have recently reported that in isolated 
heart muscle, bepridil produced concentration-de- 
pendent decreases іп the Vmax in atria, ventricles and 
Purkinje fibers with a shift in the membrane-respon- 
siveness curve in the hyperpolarizing direction but 
without a change in the resting membrane voltage. This 
aggregate of electrophysiologic effects is clearly indic- 
ative of significant class I actions; it is consistent with 
the findings in our clinical studies in which a modest 
increase in the QRS duration on the surface electro- 
cardiogram and in the HV interval with intracavitary 
recording was found. It also raises the possibility that 
the observed increases in the effective refractory period 
in the atria and the ventricle previously reported in 
animals!?-17.1? and in our clinical study might be due, 
at least in part, to bepridil’s class I effect. However, 
Brannan et al? have shown that increases in ventricular 
effective refractory period by bepridil can occur in the 
absence of a significant change in conduction, which 
suggests that an increase in the effective refractory 
period might also occur by a voltage-dependent mech- 
anism. In isolated cardiac muscle, increases in the action 
potential duration have been reported in atria and 
ventricles.!?-!4 In our studies in man, a significant in- 
crease in the QT, interval was also found. Nevertheless, 
the relative significance of the 2 potential mechanisms 
that mediate an increase in the effective refractory pe- 
riod by bepridil remains to be defined. 

Limitations of the present study: At the time the 
studies reported herein were initiated, little was known 
about the pharmacokinetic features of bepridil or about 
the safety and effectiveness of intravenous dosing reg- 
imens. For these reasons, the choice of the regimens was 
essentially arbitrary and did not conform to the usual 
pharmacologic principles used to examine the dose- 
response relation of a drug. The second smaller incre- 
ment in dose was designed to maintain the serum levels 
during the study. However, the data suggest that this 
objective was usually not met because the effects of the 
second infusion were often less than those seen after the 
initial higher dose. It is possible that by the time the 
second infusion was initiated, the serum levels of bep- 
ridil resulting from the first dose of the drug had de- 
creased markedly. Because of technical difficulties this 
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could not be confirmed by serum drug level determi- 
nations. We emphasize that our study does not exclude 
the possibility of a significant dose-response relation 
over a wider range of dosing regimens. 

Clinical implications: Our data on the electro- 
physiologic effects of bepridil in man are in close 
agreement with those demonstrated in isolated cardiac 
muscle as well as those in intact animals. The drug has 
a wide spectrum of electrophysiologic effects when given 
intravenously. Its actions on the AV node suggest that, 
as with verapamil and diltiazem, bepridil is likely to be 
effective in terminating reentrant supraventricular 
tachycardia and in slowing the ventricular response in 
atrial flutter and fibrillation. Unlike verapamil and 
diltiazem, bepridil prolongs the atrial and ventricular 
effective refractory periods by a time-dependent as well 
as a voltage-dependent mechanism. Thus, it is likely to 
be of value in the suppression of atrial flutter-fibrillation 
and in the short- and long-term control of ventricular 
tachyarrhythmias. Our overall electrophysiologic data 
suggest that the antiarrhythmic effects of bepridil merit 
further investigation. 
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Hemodynamic Effects of Intravenous Bepridil in Patients 
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JOSEPH S. ALPERT, MD, JOSEPH R. BENOTTI, MD, PRISCILLA M. BRADY, RN, 
JANE E. McCUE, RN, BONNIE H. WEINER, MD, and IRA S. OCKENE, MD 





‘Calcium-channel blockers are known to have de- 
pressant effects on atrioventricular (AV) nodal 
conduction and myocardial contractility. Because 
of these known depressant effects, bepridil hydro- 
chloride, a new, long-acting, antianginal and anti- 
arrhythmic calcium-channel blocker, was admin- 
istered intravenously to patients without heart failure 
to determine acute hemodynamic effects. The pa- 
tients studied had normal ventricular function, were 
without electrocardiographic conduction distur- 
bances and were taking no drug except sublingual 
nitroglycerin for at least 24 hours before bepridil 
infusion. The study protocol included right- and 
left-sided cardiac catheterization with infusion of 
bepridil at 2 mg/kg for 15 minutes followed by 1 
mg/kg for 15 minutes in 10 patients, and infusion of 
bepridil at 3 mg/kg for 15 minutes followed by 1 
mg/kg for 15 minutes in 8 patients. Pressures, Fick 
cardiac output, resistances, left ventricular (LV) 


Bepridil hydrochloride is a new, long-acting antianginal 
and antiarrhythmic agent that acts through blockade 
of the calcium channel.!-? Its potential clinical advan- 
tage is that it can be administered once a day. In mul- 
ticenter, randomized single- and double-blind stud- 
ies,!-? oral bepridil was shown to improve exercise 
‘capacity and relieve subjective and objective evidence 
of myocardial ischemia. However, because of the known 
depressant effects of other calcium-channel blockers on 
myocardial contractile and atrioventricular (AV) nodal 
function, we undertook an investigation (1) to evaluate 
the acute hemodynamic effects of intravenous bepridil 
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dP/dt, LV stroke work index and rate-pressure 
product of the left ventricle were monitored. There 
were no significant changes during bepridil infusion 
at either dose for cardiac output, systemic vascular 
and pulmonary vascular resistances, LV stroke work 
index, heart rate, arterial blood pressure and rate- 
pressure product. There was mild depression of LV 
dP/dt during bepridil infusion. Further, LV end-dia- 
stolic pressure, pulmonary capillary wedge pressure 
and pulmonary arterial pressures were significantly 
increased during bepridil infusion. There were no 
apparent changes in AV nodal or intraventricular 
conduction during bepridil infusion. We conclude 
that bepridil appears to be a safe drug for intrave- 
nous administration despite mild depression of 
myocardial function in patients with normal baseline 
hemodynamic function who are not receiving con- 
comitant Ó-blocker therapy. 

(Am J Cardiol 1985;55:20C-24C) 


hydrochloride in patients with normal resting ventric- 
ular function, and (2) to evaluate the safety of intrave- 
nous bepridil hydrochloride. 


Materials and Methods 


Under a protocol approved by the Committee for the Pro- 
tection of Human Subjects Engaged in Research at the 
University of Massachusetts Medical Center, 18 patients were 
studied at the time of cardiac catheterization performed to 
evaluate angina pectoris or chest pain syndrome. АП patients 
had been withdrawn from 8-ЫосКег, calcium-channel blocker 
and long-acting nitrate therapy at least 24 hours before cardiac 
catheterization and were maintained only on sublingual ni- 
troglycerin as needed. 

Acceptance criteria included adults over age 18 who were 
to undergo diagnostic cardiac catheterization. Rejection cri- 
teria included: sinus bradycardia, «50 beats/minute; left 
bundle branch block, Mobitz type I or II block or third-degree 


AV block; atrial flutter or fibrillation; congestive heart failure 
(class Ш or IV, New York Heart Association); sick sinus 
syndrome; serious ventricular arrhythmias, 230 ventricular 
premature contractions (VPCs)/hour or repetitive complexes 
of VPCs; unstable angina; myocardial infarction within 4 
weeks of entry; uncontrolled hypertension (systolic pressure 
>180 mm Hg, diastolic pressure >120 mm Hg); hypotension 
with systolic blood pressure <100 mg; presence of a cardiac 
pacemaker; psychosis or the use of neuroleptics or antide- 
pressants; current abuse of habituating drugs; women who 
were pregnant, breast-feeding or of child-bearing potential 
(women of child-bearing age using effective means of birth 
control were acceptable); uncontrolled thyroid disease; sig- 
nificant hepatic or renal disease that in the opinion of both 
the investigator and monitor would interfere with the inter- 
pretation of data; terminal illness; other conditions that would 
interfere with data interpretation or create undue risk; known 
allergy, sensitivity or other contraindication to bepridil hy- 
drochloride or another calcium-antagonist drug. 

Under premedication with 10-mg oral diazepam and in the 
fasting state, 18 patients underwent right- and left-sided 
cardiac catheterization from the femoral approach. Right- 
sided catheterization was performed with a balloon-tipped 
pulmonary artery catheter, and left ventricular (LV) cathe- 
terization was performed through a side-arm femoral arterial 
sheath with a 7Fr pigtail catheter. 

The 18 patients consisted of 15 men and 3 women, aged 37 
to 71 (mean 55.5). No patient had symptoms of heart failure 
or an enlarged heart by physical examination or chest x-ray. 
Left ventriculography performed after the infusion of bepridil 
hydrochloride demonstrated normal or near normal LV 
ejection fractions in these patients (LV ejection fractions were 
43 to 69%, mean 58%). Sixteen patients were subsequently 
documented to have significant coronary artery disease. Two 
patients had normal coronary arteries. 


Clinical Supplies and Measurements 


In 10 patients, after baseline hemodynamic measurements 
were obtained, bepridil was administered at 2 mg/kg intra- 
venously over 15 minutes. Immediately thereafter, all intra- 
cardiac and intravascular pressures and cardiac output (Fick 
technique) were remeasured. At that point a second dose of 
bepridil, 1 mg/kg, was administered over 15 minutes and all 
hemodynamic measurements were repeated (group A). 

The other 8 patients were studied using a larger dose of 
bepridil hydrochloride: 3 mg/kg infused intravenously over 
15 minutes followed by 1 mg/kg infused over 15 minutes 
(group B). 

All pressures were measured through fluid-filled catheters 
connected to Statham 25DB transducers with the zero point 
referenced to the level of the midchest. Pressures were re- 
corded on an Electronics for Medicine DR12 recorder and 
mean pressures were recorded as the electrical integral of the 
phasic pressure signal over at Jeast 5 consecutive cardiac cy- 
cles. Peak positive change in LV pressure during isovolumic 
systole (LV dP/dt) was measured by electrical integration of 
the LV phasic pressure signal. 

Hemodynamic variables recorded included: heart rate 
(beats/min); systemic arterial pressure (mm Hg); LV systolic 
pressure (LV SP, mm Hg); LV end-diastolic pressure (LV 
EDP, mm Hg); pulmonary capillary wedge pressure (mm Hg); 
pulmonary artery pressure (PAP, mm Hg); right atrial pres- 
sure (RAP, mm Hg); cardiac output (CO, liter/min) by the 
Fick method; contractility index, peak rate of LV pressure rise 
(LV dP/dt, mm Hg:s^!); relaxation index, peak negative value 
of LV dP/dt (mm Hg:s~!). 
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From these measurements the following indexes were 
calculated: | 






1. Systemic vascular resistance in dynes s cm~ 


_ (mean arterial pressure — RAP) 


X 80; 
CO ^» 
2. Pulmonary vascular resistance in dynes s cm7? 
(PAP — RAP) 
= M х 80; ee 
CO 80 4 


3. LV stroke work index (g m/m?) 
= SI x (LV SP — LV EDP) х 0.0136; 


4. Cardiac index (liter/min/m?) and stroke index 
(ml/min/m?); 


5. Heart rate-blood pressure product (heart rate | 
x LV SP), an index of myocardial oxygen consumption. 


А 12-lead electrocardiogram (ECG) was obtained in order ` 
to measure electrocardiographic intervals before bepridil - 
infusion and after the completion of the 30-minute drug | 
infusions. 


Statistical Methods 


Data were tabulated and displayed graphically for each “ 
variable measured. Changes from baseline values were eval- — 
uated using the Student's t test for paired data. Changes from > 
baseline observed in group А were compared with those ob- | 
served in group B using the t test for nonpaired data. * 


Results 


Group A: Table I illustrates the hemodynamic re- — 
sponse to bepridil in group A patients immediately after 
completion of the 2 mg/kg and 1 mg/kg infusions. Car- ~ 
diac output was unchanged. Left ventricular diastolic | 
pressure, mean pulmonary capillary wedge pressure and ~ 
PAPs increased significantly in response to bepridil - 
(Table I). Mean arterial pressure, systemic arterial di- - 
astolic pressure, and systemic and pulmonary vascular _ 
resistances were not significantly altered by this med- | 
ication at the specified doses. In response to bepridil at - 
2 mg/kg, peak positive LV dP/dt decreased from 2,082 | 
+ 727 to 1,773 + 779 mm Hg s^! (p <0.059). | 

Table II depicts the electrocardiographic alterations - 
induced by bepridil hydrochloride in group A patients. | 
Following the 2 mg/kg and 1 mg/kg infusions, heart rate - 
changed insignificantly from 59.6 + 11.5 beats/min Р 
during the control period to 59.9 + 14.4 beats/min after _ 
bepridil infusion. Likewise, the PR interval was 0.17 + 
0.02 second during the control period and 0.17 + 0.01 — 
second after bepridil. The QRS and QT intervals were | 
also not significantly altered by bepridil at these dosages 
(Table II). | 

Group B patients: Tables III and IV list the hemo- . 
dynamic and electrocardiographic responses to bepridil | 
in group B patients after completion of the 3 mg/kg and © 
1 mg/kg infusions. Cardiac output, systemic arterial | 
pressure and systemic vascular resistance were unaf- | 
fected by bepridil infusion. Mean pulmonary capillary | 
wedge pressure was modestly but significantly increased — 
by bepridil infusion. Left ventricular EDP tended to ~ 
increase and peak positive LV dP/dt to decrease, but | 
these changes were not statistically significant. As Hr 
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TABLE! Hemodynamic Response to Bepridil in Group A Patients 
After 2 mg/kg After 1 mg/kg 
Bepridil Bepridil 
Baseline Administration Administration 
Heart rate (beats/min) 62.3 + 8.9 64.8 + 11.1 60.6 + 9.46 
p «0.167 p «0.546 
SAP systolic (mm Hg) 144.8 + 32.1 148 + 25.5 147.1 + 30.6 
p «0.353 p «0.615 
SAP diastolic (mm Hg) 74.4 + 13.2 73.3 + 10.0 73.4 + 12.1 
p <0.573 p <0.691 
SAP mean (mm Hg) 101.0 + 16.5 99.4 + 13.0 99.6 + 15.4 
p <0.404 p <0.602 
LV SP (mm Hg) 143.3 + 28.4 164.1 + 40.2 147.4 + 28.9 
p <0.136 p <0.098 
LV EDP (mm Hg) 11.2 + 4.5 18 + 10.9 16.6 + 6.9 
p <0.060 p <0.050 
PCW (mm Hg) 7.3 456.2 11.0 + 4.6 10.1 + 3.2 
р <0.005 р <0.072 
RV SP (mm Hg) 23.2 + 6.1 27.2 + 6.1 26.0 + 5.0 
p <0.004 p <0.068 
RV EDP (mm Hg) 3.6 + 2.1 5.0 d: 2:1 4.3 t 2.3 
p «0.039 p «0.343 
PAP systolic (mm Hg) 23.2 + 6.1 27.2 + 6.1 26.0 + 5.1 
p <0.004 p <0.068 
PAP diastolic (mm Hg) 9.8 + 3.5 11.6 + 3.5 10.8 + 3.5 
p <0.071 p <0.377 
PAP mean (mm Hg) 14.1 + 3.8 16.8 + 4.1 16.0 + 3.7 
р <0.001 р <0.055 
RAP (mm Hg) 3.5 + 2.1 4.8 + 2.5 4.3 + 2.3 
р <0.070 р <0.269 
Cardiac output (liters/min) 5.0 + 1.1 5. TX 1. 4.9 + 1.3 
р <0.728 р <0.892 
+ар/а (mm Hg/s) 2,082 + 727 1,773 + 779 2,303 + 815 
p «0.059 p «0.406 
SVR (dynes s cm^ 5) 1,498 + 501 1,593 + 468 1,961 + 1,151 
p <0.674 p <0.131 
PVR (dynes s ст) 114+ 48 113 + 59 120 + 68 
p <0.934 p <0.802 
LV SWI (д m/m?) 89.9 + 35.4 89.3 + 29.5 91.6 + 37.4 
p <0.958 p <0.906 
О» consumption (ml/min) 200.9 + 34.8 193.6 + 33.9 177.6 + 44.2 
p «0.353 p «0.052 
Heart rate X blood 8,963 + 2,316 10,485 + 2,263 8,921 + 2,207 
pressure (mm Hg s) p «0.029 p «0.925 


LV EDP = left ventricular end-diastolic pressure; LV SP = left ventricular systolic pressure; LV SWI 
= left ventricular stroke work index; PAP = pulmonary artery pressure; PCW = pulmonary capillary wedge 
pressure; PVR = pulmonary vascular resistance; RAP = right atrial pressure; RV EDP = right ventricular 
end-diastolic pressure; RV SP = right ventricular systolic pressure; SAP = systemic arterial pressure; 
SVR = systemic vascular resistance. 


- group À patients, bepridil infusion at 3 mg/kg followed 
by 1 mg/kg did not significantly alter heart rate, PR, 
QRS or QT intervals (Table IV). 

` А comparison of the hemodynamic and electrocar- 

· diographic alterations induced by bepridil hydrochlo- 
ride at the 2 dose levels (group A and group B) revealed 

no significant differences between the effects of the drug 

given at these 2 doses. 








` TABLE П Electrocardiographic Data from Group А 
Patients 
Before After 
Catheterization Catheterization 
Heart rate 59.6+ 11.5 59.5 + 14.4 
(beats/min) p «0.967 
PR interval (s) 0.168 + 0.02 0.17 + 0.014 
| p «0.758 
` QRS interval (s) 0.078 + 0.037 0.064 + 0.008 
| p «0.285 
QT interval (s) 0.396 + 0.025 0.40 + 0.038 
p «0.425 
QTc interval (s) 0.393 + 0.022 0.401 + 0.029 
Aa p <0.223 


S = second. 


Eleven of the 18 patients received some form of 6 


blockade until 24 to 48 hours before the infusion of 
bepridil. At that time, all 8-blocking agents were dis- 
continued. There were no statistically significant dif- 
ferences between patients who had and had not previ- 
ously received В blockers with regard to any of the 
hemodynamic measurements. 

No adverse reactions of any type were observed 
during or after bepridil administration. 


Discussion 


This study shows that acute intravenous adminis- 
tration of bepridil hydrochloride is associated with 
modest depression of ventricular function. Mild de- 
creases in LV dP/dt and increases in LV filling pressure 
imply that this drug depresses myocardial contractility 
and LV function in the patient with normal LV func- 
tion. The absence of a vasodilator effect with bepridil 
infusion in these patients, as shown by unchanged ar- 
terial pressure and systemic vascular resistance, may 
have contributed to the apparent depression of LV | 
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TABLE Ill Hemodynamic Response to Bepridil in Group B Patients 3 
After 3 mg/kg After 1 mg/kg A 
Bepridil Bepridil Lr 
Baseline Administration Administration a 
Heart rate (beats/min) 59.4 + 8.7 65.4 + 12.7 59.9 + 13.3 "TR 
p «0.193 p «0.828 4 
SAP systolic (mm Hg) 135.1 + 9.7 132.9 + 13.7 137.9 + 16.7 ге 
р <0.626 р <0.514 | 
SAP diastolic (mm Hg) 69.1 + 8.2 71.0 + 12.6 68.5 + 10.3 "d 
p «0.455 «0.706 E 
SAP mean (mm Hg) 91.7 Е 10.1 94.9 ± 11.3 95.0 ± 11.9 d 
p «0.362 p «0.169 Я 
LV SP (mm Hg) 136.0 + 18.1 136.3 + 10.9 137.0 + 16.2 
p <0.964 p <0.840 
LV EDP (mm Hg) 8.9 + 3.6 11.6 + 4.3 12.0 + 3.0 
p <0.179 p <0.060 
PCW (mm Hg) 4.5 + 3.5 7.4 i43 7.8 + 3.8 
p «0.044 p «0.019 
RV SP (mm Hg) 20.3 + 4.2 23.6 + 4.0 23.1 + 3.4 
р <0.123 р <0.148 
RV EDP (тт Hg) 3.9 + 2.5 4.8 + 3.2 4.1 + 1.8 
p «0.500 p «0.805 
PAP systolic (mm Hg) 20.2 + 4.2 23.6 + 4.0 23.1+ 3.4 
p <0.123 p «0.148 
PAP diastolic (mm Hg) 7.4 X 2.4 10.6 + 3.3 10.0 + 3.4 
р <0.048 р <0.118 
РАР mean (mm Hg) 12.0 + 2.2 15.0 + 3.4 14.2 + 2.8 
p «0.064 p «0.083 
RAP (mm Hg) 3.1 ± 2.4 4.0 + 3.4 3.8 + 2.1 
p «0.500 p «0.493 
Cardiac output (liters/min) 5:3 EI 5.2 + 0.9 5.7 + 1.5 
p <0.776 p <0.192 
+dP/dt (mm Hg/s) 2,120 + 392 1,804 + 258 1,960 + 350 
p «0.072 p «0.258 
SVR (dynes s ст) 1,327 + 406 1,442 + 364 1,338 + 352 
p «0.467 p «0.954 
PVR (dynes s cm^ 5) 119 + 40 118 + 25 93 + 20 
p «0.955 p «0.016 
LV SWI (g m/m?) 82.5 + 30.0 84.1 ± 19.2 93.1 ± 40.3 
p «0.867 p «0.201 | 
О» consumption (ml/min) 222 + 48 225 + 43 238 + 54 = 
p <0.867 <0.387 МЕ 
Heart rate X blood 8,123 + 1,840 8,949 + 2,017 8,430 + 2,165 A 
pressure (mm Hg s) p <0.201 p <0.505 


Abbreviations as in Table |. 


function. This study also demonstrates that acutely 
administered intravenous bepridil is not associated with 
any untoward effects on heart rate, AV nodal or intra- 
ventricular conduction. No untoward reactions or 
clinically evident heart failure occurred in any patient. 
These observations are similar to those made by other 
investigators using different dosage schedules for bep- 
ridil infusion.* Studies of oral bepridil hydrochloride 
have not reported clinical or radionuclide angiographic 
evidence of depression of LV function.!-? Differences 
in hemodynamic effects between oral and intravenous 
bepridil probably reflect differences in serum levels of 
the drug, rates of the drug's arrival into the myocardium 
and possibly the reversible nature of such depression 
when the drug is given chronically. Results obtained 
after acute intravenous infusion of a drug do not nec- 
essarily reflect events that occur during chronic oral 
dosing. 


Comparison of Bepridil with Other 
Calcium-Channel Blockers 


Calcium-channel blockers differ in their potential for 
arterial vasodilatation, negative inotropic action and 


slowing of cardiac electrical conductivity. Thus, the 
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various calcium-channel blockers may produce mark- 
edly different hemodynamic profiles in similar indi- 
viduals (Table V). These effects may also vary de- 
pending on route of administration. Emanuelsson and 
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Holmberg observed marked peripheral vasodilatation 
after sublingual administration of nifedipine. Systemic 
arterial and pulmonary arterial pressures decreased | 
significantly after administration of this agent. Al- 


though nifedipine has negative inotropic effects in vitro — 
and in vivo, this effect is transient in intact human 
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TABLE IV  Electrocardiographic Data from Group B 


Patients 
Before After | 
Catheterization Catheterization — 
Heart rate 65.3 + 13.5 7034131 Җ 
(beats/min) p <0.208 E. 
PR interval (s) 0.172 + 0.026 0.161 + 0.016 í 
p <0.122 

QRS interval (s) 0.076 + 0.015 0.073 + 0.012 1 
p «0.685 i 
QT interval (s) 0.389 + 0.026 0.383 + 0.017 1 
р <0.180 

QTc interval (5) 0.394 + 0.023 0.390 + 0.018 


p <0.504 2 
S — second. J 
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Ко ۷ Hemodynamic Properties of Bepridil, Nifedipine, 








Е. Verapamil and Diltiazem®-17 
à Bepridil Nifedipine Verapamil Diltiazem 
Heart rate 0 ^ 0 0 
- Cardiac index 0 \ \ 0 
` Systemic 0 H | | 
` blood 

pressure 
БУ ЕОР ji 0 to | \ 0 
LV contractility | 0 to | to | 0 
E. slight 1 
| PAP jj 0 to | \ 0 
РСМ \ 0 to | \ 0 
ВАР 0 to î 0 to | 0 to f 0 
SVR 0 d | | 
` PVR 0 0 0 0 


Abbreviations as in Table |. 
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d ейп» and is overcome by the marked reduction in LV 
_ afterload that occurs when this agent reaches arteriolar 
smooth muscle.9? 
_ Verapamil has less vasoactivity and greater negative 
inotropic potential than does nifedipine. 8 Verapamil 
also has cardiac electrophysiologic effects—that is, 
decreased AV conduction—that can be used thera- 
. peutically in the management of patients with supra- 
ventricular arrhythmias. Diltiazem appears to have 
little if any effect on myocardial contractility. This 
agent is a peripheral vasodilator with cardiac electro- 
_ physiologic properties similar to those of verapamil. 14-16 
~The hemodynamic actions of bepridil are contrasted 
with those of nifedipine, verapamil and diltiazem in 
Table V. Based on the data presented here, intrave- 
 nously administered bepridil appears to resemble 
verapamil in its hemodynamic effects; however, more 
studies are needed to confirm this. Differences in effect 
because of different routes of administration should also 
be investigated. It is of considerable interest that bep- 
гіа! appears to have cardiac electrophysiologic actions 
that make it potentially useful in the management of 
patients with atrial and those with ventricular ar- 
 rhythmias.!?.1? 


at 0 


In summary, after intravenous administration in 
patients with normal baseline hemodynamic function, 
bepridil appears to be a safe antianginal and antiar- 
rhythmic calcium-channel blocking agent with mild 
negative inotropic actions. 
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Hemodynamic Assessment of Intravenous Bepridil 
Administration in Ischemic Heart Disease 


ISRAEL TAMARI, 





The hemodynamic effects of intravenous adminis- 
tration of bepridil were evaluated in 17 patients with 
chronic coronary artery disease who underwent 
cardiac catheterization. Of the 17 patients, 8 re- 
ceived bepridil, 2 mg/kg of body weight, for 15 
minutes followed by 1 mg/kg for 15 minutes (group 
A), and 9 received 3 mg/kg followed by 1 mg/kg 
(group B). In group A, the systemic blood pressure 
(BP) decreased (p <0.05) and left ventricular 
end-diastolic pressure increased minimally (p 
<0.05). Heart rate (HR), pulmonary artery pressure, 
cardiac output (CO), stroke index, pulmonary vas- 
cular resistance and systemic vascular resistance 
(SVR), stroke work index, “contractility” (--dP/dt) 


MD, JEFFREY S. BORER, MD, JEFFREY W. MOSES, MD, 
HARVEY L. GOLDBERG, MD, JEFFREY FISHER, MD, JAMES B. WALLIS, MD, 
and ARTHUR HALLE, MD 





and double product (HR X systolic BP) showed no — 
significant change after bepridil infusion. In contr aê H 
in group B, while +dP/dt decreased (p <0.01), SVR - 
also showed a strong downward trend and changed | 
significantly more than in group A; in the context a 
the latter alteration, CO increased significantly. In - 
addition, the double product (<0.025) and systemic - 
BP (p <0. 05) decreased, though other parameters - { 
did not vary significantly. Thus, although a modest © 
dose-related negative inotropic effect (decreased 
+dP/dt) was seen, dose-related direct systemic - 
vasodilatation (decreased SVR) led to improved 
cardiac performance (increase in cardiac index) at — 


the larger dose. (Am J Cardiol 1985;55:25C-29C) | 





Bepridil hydrochloride is a new, long-acting, calcium- 
channel blocking agent that has been extensively 
studied in Europe and the United States. The efficacy 
of oral bepridil administration in the therapy of patients 
with ischemic heart disease has recently been demon- 
strated.^? Calcium-channel blockers?^ can depress 
myocardial contractility, with an attendant potential 
for clinically important pump dysfunction, and can 
cause vasodilatation, which, while probably of major 
importance in relieving angina,*” can result in untoward 
hypotension. We evaluated the hemodynamic proper- 
ties of bepridil in patients with ischemic heart disease, 


specifically with regard to determining the relation 
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between bepridil’s effects on global myocardial pump “ 
performance (cardiac output, stroke work index), 
myocardial contractility, myocardial oxygen con- 
sumption and systemic vasodilatation as a function of | 
drug dose. 


Methods 


The study group comprised 17 patients (16 men, 1 woman, | 
aged 43 to 72 years) admitted to The New York Hospital be- 
tween August 1983, and June 1984, for cardiac catheterization | 
because of symptoms suggestive of ischemic heart disease. 
Patients were eligible for the study if they were older than 18 
years of age and were referred for catheterization because of 
known or suspected coronary artery disease. Patients were 
excluded if they manifested sinus bradycardia («50 beats/ 
min) off medication, supraventricular or ventricular ar- ` 
rhythmias, left bundle branch block, second- or third-degree | 
atrioventricular (AV) block, congestive heart failure (New - 
York Heart Association class III or IV), unstable angina, re- 
cent myocardial infarction (<4 weeks), severe hypertension 
or hypotension, mental disturbances, drug abuse, significant 
hepatic or renal disease, thyroid disease or known allergy or | 
sensitivity to calcium-channel blocking drugs. Pregnant or | 
breast-feeding women were also excluded, as were patients - 
with pacemakers. 
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pulmonary artery pressure; SBP 
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LVEDP 


(mm Hg) 
left ventricular end-diastolic pressure; NS = not significant; PAP 


Mean PAP 
(mm Hg) 


heart rate; LVEDP 
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Mean SBP 
(mm Hg) 


HR 


Hemodynamic Measurements Recorded at Baseline 
(beats/min) 


cardiac index; +dP/dt = contractility; HR 


systemic blood pressure; SI = stroke index. 


TABLE I 
* =p «0.05. 
CI 





Before catheterization and the study, calcium-channel 
blocking agents (nifedipine, diltiazem and verapamil) and 
short-acting 6 blockers (metoprolol, propranolol and timolol) 
were discontinued for at least 24 hours. One patient was 
treated with nadolol and one with atenolol; these drugs were 
discontinued for 3 weeks and 5 days, respectively, before the 
study. “Long-acting” oral or transdermal nitrates were dis- 
continued for 24 hours before the study. Sublingual nitro- 
glycerin was stopped for at least 12 hours. None of our patients 
received digoxin or diuretic drugs. 

Right- and left-sided cardiac catheterization was performed 
before cardiac angiography as follows: a triple lumen bal- 
loon-tipped (Swan-Ganz) catheter was inserted via a systemic 
vein into the right heart, and a micromanometer-tipped Millar 
catheter was placed in the left ventricle via the femoral artery. 
Patients received bepridil via the proximal lumen of the 
Swan-Ganz catheter. The patients were allocated in nonbiased 
fashion into 2 groups: group А (8 patients) received 2 mg/kg 
bepridil hydrochloride administered during a 15-minute 
infusion followed by 1 mg/kg administered over the subse- 
quent 15 minutes. Group B (9 patients) received 3 mg/kg 
bepridil hydrochloride over 15 minutes and then 1 mg/kg over 
15 minutes. 

The following measurements were recorded at baseline and 
at 15 minutes and 30 minutes after the beginning of bepridil 
infusion: heart rate (HR), systemic blood pressure (BP), 
pulmonary artery pressure (PAP), pulmonary capillary wedge 
pressure (PCWP), right atrial pressure, left ventricular (LV) 
systolic and end-diastolic pressures, contractility (+dP/dt) 
and cardiac output by Fick method, from which stroke volume 
was derived. Cardiac index and stroke index were defined by 
dividing cardiac output and stroke volume, respectively, by 
body surface area. 

The following hemodynamic indexes were calculated: 


systemic vascular resistance = 
mean systemic BP — mean right atrial pressure 


- х 80; 
cardiac output 
pulmonary vascular resistance = 
mean PAP — mean PCWP x 80: 


cardiac output 


LV stroke work index = 0.036 X stroke index 
(LV systolic pressure — LV end-diastolic pressure); 


double product = HR X LV systolic pressure. 


After completion of the hemodynamic study, coronary 
angiography (Judkins technique) and left ventriculography 
(in the right anterior oblique projection) were performed. The 
interval between cessation of infusion and left ventriculog- 
raphy was always greater than 10 minutes. Systemic arterial 
pressure and LV end-diastolic pressure had invariably re- 
turned to baseline before angiography. The LV ejection 
fraction was calculated by the area-length method from the 
right anterior oblique projection of the left ventriculogram 
(Kennedy modification). Hemodynamically important cor- 
onary artery disease was considered to be present if 250% 
reduction in luminal diameter was apparent in at least 1 major 
coronary artery or major branch. By this definition all 8 pa- 
tients in group A manifested hemodynamically important 
coronary artery disease (2 patients with 1-vessel disease, 3 with 
2-vessel disease and 3 with disease of all 3 major coronary 
artery systems). Eight of 9 patients in group B also had such 
disease (1 with 1-vessel, 2 with 2-vessel and 5 with 3-vessel 
disease) and 1 patient had normal coronary arteries. 
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TABLE I| Hemodynamic Changes from Baseline After Bepridil Infusion veda 
Group A Group B Group A Group B 
Infusion 2 mg/kg 3 mg/kg 1 mg/kg 1 mg/kg s 
AHR (beats/min) 0 5 NS = (—)1.5 0 (-)2.0 > 
ASBP (mm Hg) (—)3.2* ج‎ NS = (—)5.9* (—)0.75 (—)1.22 И 
ДРАР (тт Hg) (+)0.75 ` - NS — (-)1.3* (+)0.85 (+)1.4* 
ДІ УЕРР (тт Н (+)0.5 == NS — (+)0.56 (+)2.75* 0 : 
АС! (liter/min/m?) (—)0.2 — t — (4-)0.55! (—)0.1 
ASI (m/m?) (—)1.4 — я — (+)9.87 (—)0.3 (+05 Сй 
APVR (dynes s ст) (+)10.4 - NS — (—)8.9 (+)13.1* (+8.8 — 
ASVR (dynes s ст) (—)12.4 = , = (—)187.9* (—)3.5 (+)25 
ASWI (g/beat/m?) (—)4.25 е + — (—)7.6 (—)0.5 (+)1.1 
A+dP/dt (mm Hg/s) (—)35.8 sie 6 iu (—)177.7ї (—)75.5 (—)150.7+ 
ADP (HR Х LVSP) (—)490 — NS — (—)957! 
"74 eorr s significance of changes caused by drug infusion compared with baseline values. » 
* = p «0.05. 
t = p «0.025 Г 
ł = p «0.01 


Between the initial infusions (2 mg/kg and 3 mg/kg), comparison of the relative magnitude of changes from baseline is indicated. NS indicates 


no statistically significant change. 


DP = double product; LVSP = left ventricular systolic pressure; PVR = pulmonary vascular resistance; SVR = systemic vascular resistance 


SWI = stroke work index. Other abbreviations as in Table |. 


Informed consent was obtained from all patients in the 
study, according to a protocol approved by the Committee on 
Human Rights in Research of the Cornell University Medical 
College. 

Values are reported as mean + standard deviation of the 
mean. А 1-tailed t test was used for analyzing the baseline and 
postinfusion values in each group and among groups. 


Results 


As demonstrated in Table I, except for a small but 
statistically significant difference in HR at rest, no 
significant differences were apparent between the 2 
groups at baseline measurement of any hemodynamic 
variable. 

Table II indicates that neither infusion regimen 
caused significant changes in HR, pulmonary vascular 
resistance or stroke index. The LV end-diastolic pres- 
sure was unchanged during the 2 and 3 mg/kg infusions, 
but a very small though significant increase in LV 
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FIGURE 1. Changes in contractility (+dP/dt) from baseline (0 ordinate) 
during bepridil hydrochloride infusion. Measurements were recorded 
at 0-, 15-, and 30-minute intervals (2 or З mg/kg infusion during 15 
minutes followed by 1 mg/kg infusion over 15 minutes). 












end-diastolic pressure was noted during the 1 mg/kg 
infusion that followed the 2 mg/kg infusion in group A. 
However, cardiac contractility, as indicated by +dP/dt- 
(Fig. 1), was significantly depressed by the 3 mg/kg 
infusion (group B). In group A patients, who received 
the smaller dose (2 mg/kg infusion), a trend toward di- | 
minished contractility was apparent, although this 
change did not reach statistical significance. Moreover, - 
the +dP/dt depression caused by the 2 mg/kg infusion | 
was significantly less marked than the depression 
caused by the larger dose infusion. As demonstrated in. 
Figure 2, however, in association with the depression in 
+dP/dt, the larger dose infusion (group B) resulted in : 
a significant increase in cardiac index, while the smaller | 
dose infusion (group A) resulted in a trend toward а | 
decrease in cardiac index (though, again, the latter. 
change did not reach statistical significance). The dif- - 
ference in the cardiac index responses to the 2 es 
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FIGURE 2. Changes іп cardiac index (СІ) from baseline (0 ordinate) - 
during bepridil hydrochloride infusion. E 
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` was statistically significant. As is apparent in Figure 3, 
_ the contractility and pump performance changes caused 
in group B patients by the larger dose infusion were 
associated with a diminution in systemic vascular re- 
sistance. The smaller dose infusion in group A patients 
was associated with no discernible change in systemic 
vascular resistance, and the difference in systemic 
vascular resistance response to the 2 infusions was sta- 
ношу significant. 

_ In addition, as indicated in Table II, the double 
product, used as an indicator of myocardial oxygen 
utilization, decreased significantly after the larger dose 
infusion, and decreased, though not to a statistically 
significant extent, after the smaller dose infusion. 
Systemic BP decreased significantly and to the same 
extent after both infusions; pulmonary artery pressure 
increased slightly but significantly after the larger dose 
infusion and increased less markedly and not signifi- 
cantly after the smaller dose infusion; stroke index in- 
creased significantly after the larger dose infusion and 

was unchanged by the smaller dose infusion. 

— For most hemodynamic variables, the infusion of 1 
mg/kg that followed the initial infusion for each group 
- was associated with no significant alterations. It usually 
resulted in a return to baseline values from measure- 
ments obtained during the larger dose infusions (Table 
Пп, Figures 1 to 3). 

. The LV ejection fraction was within normal limits 
(>55%) in 11 of 17 patients when measured after he- 
 modynamic study; however, it was <40% in 3 patients 
‘апа was 21% in 1 patient. Pulmonary capillary wedge 
pressure was normal (<15 mm Hg) at baseline in 15 of 
17 patients, but was not >20 mm Hg in any patient. 
‘Hemodynamic responses to bepridil in patients with low 
ejection fractions (<40%) or above normal wedge 
pressures were indistinguishable from those for the 
group as a whole. The response of the patient with an 
LV ejection fraction of 21% to 3 mg/kg infusion was a 
13% decrease in +dP/dt (from 1,600 to 1,400 mm Hg/s), 
associated with a significant 41% decrease in systemic 
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FIGURE 3. Changes in systemic vascular resistance (SVR) from 
baseline (0 ordinate) during bepridil hydrochloride infusion. 





vascular resistance (1,151 to 625 dynes s cm), resulting 
in a 57% increase in cardiac index (3.4 to 5.4 liter/min/ 
т?) with a 26% decrease in double product (13,760 to 
10,200 units). No patient developed pulmonary vascular 
congestion. The highest absolute pulmonary capillary 
wedge pressure observed in any patient during drug 
infusion was 16 mm Hg, and the largest individual in- 
crease in wedge pressure was 4 mm Hg (from 12 to 16 
mm Hg). The patient with the highest wedge pressure 
at baseline (18 mm Hg) showed a decrease to 14 mm Hg 
during 2 mg/kg infusion. 


Discussion 


The results of this study indicate that bepridil hy- 
drochloride has dose-related hemodynamic effects when 
administered intravenously to patients with ischemic 
heart disease. Although the 3 mg/kg infusion of bepridil 
resulted in a clear and significant negative inotropic 
effect, overall cardiac pump performance actually im- 
proved, as evidenced by an increase in cardiac index. 
This result is best explained by drug-induced systemic 
vasodilatation, indicated by the diminution in systemic 
vascular resistance associated with the 3 mg/kg infusion. 
Thus, it would appear that at this dose the effect of 
bepridil on vascular smooth muscle exerts a greater 
influence on overall cardiac pump performance than 
does its effect on the myocardium itself. In contrast, the 
2 mg/kg infusion, which showed a tendency toward a 
negative inotropic effect that was less significant than 
that seen at the higher infusion, tended to decrease 
cardiac output. Because bepridil had no discernible 
effect on systemic vascular resistance at the lower 
infusion rate, it would appear that the tendency towards 
diminution in cardiac output at this infusion rate rep- 
resented the result of the unopposed negative inotropic 
effect. 

In the small group studied, several of the changes 
observed while bepridil was administered as a 2 mg/kg 
infusion did not reach statistical significance; however, 
these responses tended to be greater in magnitude than 
those noted during the subsequent 1 mg/kg infusion. 
This suggests that the trends noted at the 2 mg/kg 
infusion represented real drug effects, and is consistent 
with the conclusion that bepridil has different dose- 
response curves for negative myocardial inotropic and 
smooth muscle relaxing effects. The relation of these 
dose-response curves appears to be one that provides 
some protection against global pump performance de- 
terioration as bepridil dosage is increased through the 
range tested herein. 

This study used bepridil in its intravenous form. The 
potency relation between the intravenous and the oral 
forms of bepridil is not known. Moreover, in clinical 
practice, bepridil is used only in its oral form, which has 
been shown to produce clear antianginal effects in as- 
sociation with little or no change in HR or systolic ar- 
terial pressure. Thus, the extent to which our results can 
be extrapolated to the clinical situation with oral drug 
administration is not entirely clear. 

In addition, our study population included very few 
patients with evidence of preexisting hemodynamically 
important depression of pump function, who would be 
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vascular congestion. 
... In summary, bepridil буйына, while clearly 
. characterized by dose-related negative inotropic effects, 


` also causes systemic vasodilatation that appears to 


_ follow a different and perhaps steeper dose-response 
curve than that associated with negative inotropism. 
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. Evaluation of Bepridil for the Treatment of Angina Pectoris: 
Evidence for Preservation of Left Ventricular Function 


_ RANDALL М. ZUSMAN, MD, DONNA M. CHRISTENSEN, MSN, DAVID J. KANAREK, MD, 
MARLA C. KIESS, MD, and CHARLES A. BOUCHER, MD 





The efficacy of bepridil (400 mg once a day) was 
assessed in 15 patients with exertional angina 
pectoris. All 15 patients reported substantial clinical 
improvement during bepridil treatment compared 
with placebo treatment. Episodes of angina were 
11.8 + 4.1 (mean + standard error of the mean)/ 
week with placebo and 3.8 + 1.6 with bepridil (p 
<0.05); nitroglycerin use was 9.1 + 3.3 tablets/ 
week with placebo and 3.5 + 1.7 with bepridil (p 
<0.05). Five of 15 patients receiving bepridil did not 
experience angina during treadmill exercise; in the 
remaining 10 patients, time to onset of angina during 
exercise was 5.7 + 0.9 minutes with bepridil as 
opposed to 4.5 + 0.8 minutes with placebo (р 
<0.05). Left ventricular (LV) performance at peak 


exercise as measured by first-pass radionuclide 
angiography revealed the ejection fraction to be 38 
+ 3% during placebo therapy and 47 + 4% during 
bepridil therapy (p <0.0025). End-diastolic LV 
volume was unchanged, but end-systolic volume 
was 136 + 11 and 117 + 13 ml (p <0.05) and stroke 
volume was 82 + 6 and 97 + 9 ml (p <0.05) during 
placebo and bepridil therapy, respectively. Heart 
rate at peak exercise was 136 + 3 beats/min with 
placebo and 128 + 3 beats/min with bepridil; 
however, blood pressure was unchanged. These 
studies demonstrate that bepridil results in signifi- 
cant clinical improvement and enhanced LV per- 
formance in patients with angina pectoris. 

(Am J Cardiol 1985;55:30C-35C) 
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Although calcium-channel blocking agents share the 
ability to inhibit transmembrane calcium movement in 
specialized contractile and conducting tissue,! the 


currently available calcium-channel blocking drugs 
differ greatly in their chemical structure and physiologic 


effects.” All the calcium antagonists block calcium- 
mediated electromechanical events in contractile vas- 


_ cular tissue and thus produce vasodilation in coronary 
and peripheral vascular beds. 'T'his property has led to 
the evaluation and use of calcium antagonists in the 


treatment of patients with coronary artery disease? and 


hypertension;^ the effects of calcium-channel blocking 
drugs on transmembrane calcium flux in conducting 
tissue have led to the evaluation of these agents as 
therapy for supraventricular and ventricular cardiac 
arrhythmias. Because calcium antagonists cause re- 
laxation of specialized muscular tissue such as the 
myocardium, these drugs also have been used in the 
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treatment of cardiomyopathic disorders, especially id- 
iopathic hypertrophic subaortic stenosis. 

Despite these compounds’ generic properties, an in- 
dividual person’s response to any calcium-channel an- 
tagonist rests оп the interrelation of direct and indirect 
cardiac, vascular and nervous system effects. The 
overall effects on heart rate, ventricular performance, 
venous return and systemic and pulmonary vascular 
resistance define each compound’s unique clinical 
utility. Each calcium-channel antagonist, for example, 
has negative chronotropic activity as evidenced by a 
decreased frequency of sinoatrial (SA) activity in re- 
sponse to direct infusion of these drugs into the SA 
nodal artery. On a molecular basis, nifedipine and 
verapamil are the most negatively chronotropic; dilti- 
azem has a lesser negative chronotropic effect.” Yet, 
because of the reflex effects of calcium-channel blocking 
agents on baroreceptor-mediated 6-adrenergic sym- 
pathetic tone, nifedipine generally increases heart rate, 
whereas diltiazem generally decreases it, in patients 
with angina pectoris; these effects are the direct oppo- 
site of the drugs' chronotropic activities. Similarly, ni- 
fedipine is the most negatively inotropic of these 3 
agents and diltiazem the least negatively inotropic, 
whereas verapamil has an intermediate effect on myo- 
cardial contractile function. Yet, in vivo use of verapa- 
mil is restricted by its potential for precipitating con- 
gestive heart failure, and its use in combination with 
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other negative inotropic drugs such as propranolol is 
limited. The baroreceptor-mediated reflex increases in 
B-adrenergic myocardial stimulation result in a less 
clinically significant reduction of myocardial function 
in patients receiving nifedipine. All calcium-channel 
blocking drugs produce direct coronary vasodilation, 
and this physiologic effect might account for these 
drugs’ ability to prevent angina pectoris.? 

The effect of an individual calcium antagonist on 
cardiac performance, particularly left ventricular (LV) 
ejection fraction and cardiac output, results from direct 
and indirect changes on myocardial contractility and 
alterations in peripheral vascular resistance. Further, 
the interaction differs from agent to agent and from 
patient to patient; therefore, it may be useful to assess 
hemodynamic data to individualize patient therapy. 
The principal determinants of cardiac output are heart 
rate, myocardial contractile state, ventricular preload 
(LV end-diastolic volume) and ventricular afterload 
(systemic systolic blood pressure and peripheral vascular 
resistance). The net hemodynamic response to a cal- 
cium-channel blocking agent in patients with coronary 
artery disease will be the sum of the direct action of 
these drugs on myocardial performance and the relief 
of myocardial ischemia, which enhances myocar- 
dial contractility through improved ventricular 
perfusion. !° 

Bepridil hydrochloride (68-[(2-methylpropoxy)- 
methyl] - N-phenyl-N-(phenylmethyl)-1-pyrrolidine- 
ethanamine monohydrochloride monohydrate) is a 
calcium-channel antagonist with a chemical structure 
different from that of nifedipine, verapamil or diltiazem. 
Preliminary clinical evaluation shows that bepridil has 
a prolonged physiologic half-life; therefore, it might be 
.an effective antianginal medication that could be given 
on a once-a-day basis.!!-! Laboratory studies suggest 
that bepridil might have a negative chronotropic effect 
and produce minimal changes in systemic blood pres- 
sure, although a decrease in peripheral vascular resis- 
tance and an associated increase in cardiac output might 
account for the lack of change in systemic blood 
pressure.16-18 

The purpose of this study was to evaluate the utility 
of bepridil when given once daily to patients with stable 
exertional angina pectoris. Specifically, we wanted to 
study the drug’s effect on the frequency and severity of 
chest pain and to determine its effect on LV perfor- 
mance at rest and during peak exercise. 


Methods 


Patient selection: Patients with a history of stable angina 
pectoris and characteristic symptoms provoked by effort and 
relieved by rest or nitroglycerin were considered for entry into 
the study. The patients had to have had positive exercise 
tolerance test results at the time of entry or within 3 months 
of entry into the study. A positive test result was defined as 
typical anginal symptoms associated with horizontal or 
down-sloping ST-segment depression of at least 1.5 mm 
measured 0.08 second from the J point of the QRS complex. 
Each patient must have had an average anginal attack rate of 
>5 episodes/week during normal activity during the placebo 
baseline entry period to advance into the randomized dou- 
ble-blind crossover periods. Patients with «5 episodes of an- 
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blind crossover periods if they had a positive exercise test Y 
result within the first 6 minutes of exertion. E 
Patients could not qualify for participation if baseline - 
electrocardiographic abnormalities, such as ST-segment — 
changes associated with digitalis therapy or LV hypertrophy, - 
that would interfere with adequate interpretation of the ex- — 
ercise tolerance test were present. Patients with complete - 
bundle branch block, preexcitation syndromes or second or : 
third degree atrioventricular block were not eligible, nor were 
patients with persistent or recurrent atrial flutter, atrial fi- — 
brillation or nodal rhythm. Other reasons for exclusion from; n 
the study included: a resting heart rate of «50 beats/min; th ei 
presence of the sick sinus syndrome, congestive cardiomy- 
opathy or congestive heart failure class III or IV of the New. 3 
York Heart Association classification; a history of ventricular - 
arrhythmias, 230 ventricular premature contractions Я 
(VPCs)/hour or repetitive VPCs; a baseline QTc >15% above 
normal values; blood pressure (BP) >180 mm Hg systolic or — 
120 mm Hg diastolic or a systolic BP «100 mm Hg; a myo- 14 
cardial infarction within 3 months of entry; an electrical _ 
pacemaker; and the presence of significant renal, hepatic or 
endocrine disease. The study was approved by the Subcom- 
mittee on Human Studies of the Committee on Research of — 
the Massachusetts General Hospital, and all patients signed 
an informed consent form approved by the Subcommittee. — 
Study design: During the study, patients were permitted _ 
sublingual nitroglycerin tablets (0.4 mg) to treat episodes c A. 
angina but not to avert anginal symptoms. The use of 8- - 
adrenergic blocking agents, long-acting nitrates, transdermal : 
nitroglycerin preparations, antiarrhythmic drugs and other - 
calcium-channel antagonists was prohibited during the study — 
periods. Study medications consisted of 200-mg bepridil _ 
tablets and identical-appearing placebo; patients took 2 . 
tablets once a day throughout the study. Daily patient diaries _ 
were maintained to monitor angina frequency and nitro- 
glycerin consumption. ч 
The protocol (Fig. 1) consisted of an initial 2-week single- X | 
blind placebo run-in period. An exercise tolerance test was } 
performed at the end of this period, and the patients who met _ 
the criteria for angina frequency and positive exercise test - 3 
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were entered into the double-blind crossover treatment pe- 

riods, each of which was 4 weeks long. Patients were randomly E 

assigned to a bepridil- placebo sequence or a placebo-bepridil E 

sequence. Treadmill exercise tolerance tests were performed 

at the end of each 4-week treatment period. The study was ; 
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FIGURE 1. Study design. Each patient entered a baseline placebo Kia 
period before randomization to the double-blind crossover bepridil or - 
placebo treatment period. A placebo washout period completed the 
study. Treadmill exercise tolerance tests (ETTs) were performed at the _ 
end of each placebo or bepridil treatment period. Upright bicycle er- - 
gometry with first-pass radionuclide angiography (FPRA) was performed _ 

at the end of each xr crossover treatment. period. T 
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. completed by a 3-week placebo washout period followed by 
_ a final treadmill exercise tolerance test. 

E Exercise protocol: Treadmill exercise tests consisted of 
sequential 3-minute stages of increasing workload, speed and 
elevation using the Bruce protocol.!? Tests were performed 
the morning of the study day, and patients were instructed 
not to take their study medication until after exercise testing. 
. Exercise was terminated at the onset of severe anginal pain 
ог marked ST-segment depression, a significant decrease in 
systolic BP, ventricular arrhythmia or dyspnea or exhaustion 
limiting the patient's ability to continue. 

: First-pass radionuclide angiography: Left ventricular 
_ performance was assessed by first-pass radionuclide angiog- 
_ raphy during upright bicycle exercise tests performed at the 
. conclusion of the double-blind crossover drug treatment pe- 
 riods; these studies were performed at least 24 hours before 
or after the treadmill exercise test. Upright bicycle exercise 
` was performed at a constant cycle speed of 50 rpm using a 
_ continuous ramp protocol by which the workload was in- 
creased 25 watts/min until peak exercise tolerance was 
. reached. 

Images at rest and peak exercise were obtained in the an- 
terior projection following injections of 10 mCi of techne- 
 tium-99m pertechnetate after patients were treated with 
stannous pyrophosphate (Pyrolite, New England Nuclear/ 
- Dupont). The isotope was administered through an 18-gauge, 
- 2-inch, intravenous cannula placed in the antecubital vein and 
flushed with 20 ml of saline solution. The images were ac- 
quired and processed using the standard computer software 
programs of the Baird System 77. Images were acquired at 
- 0.05-second intervals for 25 seconds after injection at rest and 
at 0.025-second intervals for 25 seconds at peak exercise. The 
region of interest was placed over the left ventricle, and after 
smoothing and background subtraction, time-activity curves 
were generated. Left ventricular activity peaks and valleys 
меге considered to represent end-diastole and end-systole, 
respectively, and a representative computerized cardiac cycle 
was generated. 
` The ejection fraction was calculated as the end-diastolic 
minus end-systolic counts divided by end-diastolic counts. 
_End-diastolic volume was derived from an area-length analysis 
of the LV perimeter. Stroke volume was derived from ejection 
fraction multiplied by end-diastolic volume. End-systolic 
volume was end-diastolic volume minus stroke volume.20-25 
The interobserver variability in our laboratory for the mea- 
‘surement of ejection fraction is 0.03 and for end-diastolic 
volume it is 16 ml. 
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` FIGURE 2. Clinical response. Frequency of angina and nitroglycerin 
consumption were lower (p <0.05) during the bepridil treatment period 
compared with each placebo treatment period. 
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Results 


Patient characteristics: Nineteen patients qualified 
for enrollment into the initial single-blind placebo 
run-in period. One patient was disqualified by the re- 
sults of the treadmill exercise tolerance test at the end 
of the placebo run-in period and did not enter the 
double-blind portion of the study. Two patients who 
were no longer interested in participating in the research 
protocol withdrew before entering the double-blind 
segment. One patient withdrew from the study during 
the first double-blind treatment period because of in- 
creasing frequency of angina and a desire to resume 
standard therapy. Fifteen patients (13 men and 2 
women) with a mean age of 59 + 2 years completed the 
entire treatment protocol. During the initial placebo 
run-in period, patients experienced 14.9 4- 4.3 episodes 
of angina/week and consumed 12.2 + 3.8 nitroglycerin 
tablets/week. Total exercise time during the initial 
treadmill exercise tests was 6.5 + 0.9 minutes; angina 
occurred after 4.1 + 0.6 minutes (mean + standard error 
of the mean). 

Clinical response: Nine patients were randomly 
assigned to the bepridil-placebo sequence and 6 patients 
to the placebo-bepridil sequence; neither clinical re- 
sponse nor LV function was affected by the randomi- 
zation sequence, and therefore the results of the trial are 
reported for the entire 15-patient cohort (Table I). 

Angina frequency and nitroglycerin consumption 
were lower in the double-blind crossover treatment 
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FIGURE 3. Time to onset of angina during treadmill exercise test. AI- 
though all patients experienced angina during exercise tolerance tests 
performed at the end of the placebo run-in period, only 13 of 15 and 10 
of 15 patients experienced angina during exercise tolerance tests at 
the end of the placebo and bepridil crossover treatment periods, re- 
spectively. In the 10 patients experiencing angina in both periods, time 
to onset of angina increased from 4.5 + 0.8 to 5.7 + 0.9 minutes 
(p <0.05). 





TABLE! Clinical Response During Double-Blind Crossover 
Treatment Periods 








Placebo Bepridil p Value 
Frequency of angina 11.8 $4.1 3.821 1.6 «0.05 
(episodes/wk) 
Nitroglycerin consumption 9.1 ± 3.3 3.5 1.7 «0.05 
(tablets/wk) 
Heart rate 7312 703 NS 
(beats/min) 
Blood pressure 134 ± 4 133 + 5 NS 
(mm Hg) 82+3 7622 <0.05 
Treadmill exercise 
Total exercise 7.6 ± 0.9 8340.9 «0.05 
duration (min) 
Time to angina 4.5 + 0.8 5.7 0.9 «0.05 
(min) 
Total work 3.4 + 0.8 3.9 + 0.8 NS 
(kpm/ 1,000) 
Heart rate-blood pressure 2009 + 14° 2193 1.1 NS 
product (X 1073) 
Heart rate 121 ± 6 12125 NS 
(beats/min) 
Blood pressure 1217-Е 17 173 + 11 М5 
(mm Hg) 100 + 5 93 + 5 <0.05 


NS = not significant. 


period with bepridil than with placebo (Fig. 2). Patients 
experienced 3.8 + 1.6 angina episodes/week on bepridil 
and 11.8 + 4.1 on placebo (p <0.05); they consumed 3.5 
+ 1.7 nitroglycerin tablets/week on bepridil and 9.1 + 
3.3 on placebo (p <0.05). Heart rate and BP at rest were 
unaffected by bepridil treatment. Patients were able to 
exercise longer during bepridil treatment than during 
placebo treatment. Total exercise time was 8.3 + 0.9 
minutes in the bepridil treatment period and 7.6 + 0.9 
minutes in the placebo period (p <0.05). During bepridil 
therapy, 5 patients did not experience angina during 
exercise (Fig. 3). In the remaining 10 patients, time to 
angina was 5.7 + 0.9 minutes in the bepridil treatment 
period and 4.5 + 0.8 in the placebo period (p <0.05). 
Total work, heart rate and BP at peak treadmill exercise 
were not affected by bepridil. 

First-pass radionuclide angiography: Thirteen 
patients participated in the first-pass radionuclide 
angiographic studies of LV performance. Two patients 
did not participate because of technical difficulties in 
obtaining interpretable radionuclide images. The 
findings are summarized in Table II. Resting heart rate 
as well as BP at rest and at peak exercise was unaffected 
by bepridil. Heart rate at peak exercise was slightly but 
significantly (p <0.025) lower during bepridil treatment 
than during placebo treatment (Fig. 4). Total exercise 
time, peak workload and heart rate-BP product during 
the first-pass radionuclide angiographic evaluations 
were unaffected by bepridil treatment. 

Left ventricular end-diastolic volume at rest was 185 
+ 13 ml during placebo treatment and 180 + 15 ml 
during bepridil treatment; at peak exercise it increased 
to 219 + 12 and 214 + 14 ml during placebo and bepridil 
treatments, respectively. At rest, end-systolic volumes 
were 107 + 13 and 96 + 15 ml during placebo and bep- 
ridil treatments, respectively, resulting in corresponding 
stroke volumes of 78 + 5 ml and 83 + 6 ml. During peak 
exercise, end-systolic volume was 136 + 11 with placebo 
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TABLE First-Pass Radionuclide Angiography Data 4 
Placebo Bepridil pValue | 
Heart rate (beats/min) : 1 
Rest 78 i3 78 3 NS 
Exercise 136 + З 128 + 3 <0.025 
Blood pressure (mm Hg) 4 
121+ 7 126+ 6 б: 
jra 7142 7543 - Ж 
; 163 + 10 167 +9 3 
Exercise 78 i6 86 i 6 NS E 
Heart rate-blood 22.3 t 1.0 2202156 NS 5 
pressure product za 
(X 107%) * 
Bicycle exercise time 45-12 47409 NS Р 
(тіп) 
Peak work load (watts) 83.1493 82848 NS — 4 
End-diastolic volume (ml) (3 
Rest 185 + 13 180 + 15 NS 1 
Exercise 219+ 12 214 + 14 NS 4 
End-systolic volume (ml) м 
Rest 107 + 13 96 + 15 N 
Exercise 136 + 11 1177 £13 «0:05 
Stroke volume 
Rest 78+ 5 83+ 6 NS | 
Exercise 82+ 6 97 +9 «0.05 4 
Ejection fraction 
Rest 0.45 + 0.04 0.49 + 0.04 <0.05 | 
Exercise 0.38 + 0.03 0.47 + 0.04 «0.0025 . 
Cardiac output (liters/min) E 
Rest 5.9 + 0.4 6.0 + 0.3 NS M 
Exercise 10.9 + 0.7 11.0 € 0.9 NS va 
NS — not significant. s 
. * 
2 


treatment and 117 + 13 ml with bepridil treatment (p - 
«0.05). The stroke volume at peak exercise during | 
placebo treatment was 82 + 6 ml; this measurement did 
not differ from the stroke volume at rest. In contrast, 1 
the stroke volume during bepridil treatment was 97 Ez 
9 ml, significantly greater (p «0.05) than the stroke 
volume at peak exercise during placebo treatment апа i 
at rest during bepridil treatment (Fig. 5). 

As a result of changes in ventricular volume and - 
stroke volume, LV ejection fraction at rest was 0.45 + А 
0.04 during placebo treatment and 0.49 + 0.04 (р <0. 05) 


Blood 
Pressure 
(mmHg) 100 


80 
60 







P<0.025 


Rest Exercise 


Rest Exercise 
Placebo Bepridil 


FIGURE 4. Blood pressure and heart rate at rest and exercise during ' 
first-pass radionuclide angiography. Heart rate at peak exercise was 4 
lower during bepridil therapy than during placebo treatment period. - 
Blood pressure response was unaffected by bepridil treatment. BPM 
= beats per minute. 
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during bepridil treatment. During peak exercise, LV 
` ejection fraction was 0.38 + 0.03 with placebo and 0.47 
1+ 0.04 with bepridil (p < 0.0025). In contrast to the re- 
duction in LV ejection fraction from rest to peak exer- 
cise during placebo treatment, LV performance was 
_ maintained during bepridil treatment (Fig. 6). Although 
«stroke volume was greater during bepridil treatment 
_ than during placebo treatment, the slight decrease іп 
ES rate at peak exercise produced no net increase 
in h cardiac output despite the increased LV ejection 





E Discussion 


__ This double-blind crossover trial demonstrated that 
bepridil as a single agent improves exercise tolerance, 
decreases angina frequency and nitroglycerin con- 
'sumption and improves LV performance at rest and 
. during peak exercise. As evidenced by the marked fre- 
` quency of angina as well as nitroglycerin consumption 
_ that characterized the study population, the patients 
who entered this clinical trial had significant coronary 
artery disease. Bepridil effectively diminished the fre- 
quency of anginal episodes and the need for nitroglyc- 
_ erin, but it was not associated with any changes in he- 
modynamic parameters when the patient was at rest. 
- During treadmill exercise, heart rate, BP and heart 
E product were unchanged by bepridil therapy 
compared with placebo at the onset of angina. However, 
- bepridil treatment was associated with a greater exercise 
- capacity and with prolongation of the time to onset of 
` symptoms of myocardial ischemia. 
i The effect of bepridil on LV performance at peak 
E exercise was similar to that of other agents effective in 
“anager myocardial ischemia. Like the calcium channel 










antagonists, -adrenergic blocking drugs also have 
negative inotropic activity on isolated myocardial tissue. 
1 When used in the treatment of patients with coronary 
_ artery disease, however, $-adrenergic blocking drugs can 
` produce improved LV function at peak exercise. This 
1 salutary effect is due to decreased myocardial ischemia 
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| Stroke 
i Volumes 
E 
e Rest Exercise 
m Placebo 
1 . FIGURE 5. Ventricular volumes and stroke volumes during first-pass 
` radionuclide angiography. Bepridil decreased end-systolic volume and 
` increased stroke volume at peak exercise. EDV = end-diastolic volume; 
` ESV = end-systolic volume. 
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associated with diminished myocardial oxygen con- 
sumption or improved LV contractility due to the re- 
duction in systemic blood pressure, or both.?6 In con- 
trast, in normal subjects without coronary artery 
disease, -adrenergic blocking drugs can decrease LV 
ejection fraction because of a decrease in heart rate and 
myocardial contractility.?" 

Verapamil, diltiazem and nifedipine have been shown 
to improve LV performance in patients with symp- 
tomatic coronary artery disease. The improvement in 
LV ejection fraction in patients receiving verapamil is 
not associated with a change in heart rate or systolic 
BP;,??.2 findings similar to those observed in our own 
investigation. Similarly, nifedipine improves LV per- 
formance both at rest and at peak exercise. The signif- 
icant vasodilating effects of nifedipine, as evidenced by 
its efficacy in the treatment of patients with systemic 
hypertension, suggest that part of the improvement in 
LV function in patients with coronary artery disease 
might be related to a reduction in LV afterload as well 
as to improvement іп LV myocardial perfusion.?? Dil- 
tiazem also improves LV performance during peak ex- 
ercise and is associated with reductions in mean sys- 
temic arterial pressure, systemic vascular resistance and 
heart rate-BP product at peak exercise. 

Bepridil therapy was associated with an increase of 
0.04 (9%) in LV ejection fraction at rest, and therefore 
there was no evidence of a negative inotropic effect 
during bepridil therapy. During the placebo treatment 
period, the LV ejection fraction decreased significantly 
in association with the development of myocardial 
ischemia at peak exercise. In contrast, the LV ejection 
fraction at peak exercise during bepridil therapy was 
unchanged compared with values obtained at rest, and 
it was 0.09 (24%) greater than that observed at peak 
exercise during the placebo treatment period. Improved 
LV function at peak exercise probably reflected di- 
minished LV myocardial ischemia as well as diminished 
systemic vascular resistance. In addition, in contrast to 
the effects of nifedipine, which activates barorecep- 
tor-mediated, B-adrenergic-mediated reflex mecha- 
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FIGURE 6. Left ventricular (LV) performance during first-pass radio- 
nuclide angiography. The LV ejection fraction was increased at rest 
(p <0.05) and at peak exercise (p <0.0025) during bepridil therapy. 
In addition, in contrast to the decrease in ejection fraction at peak exer- 
cise during placebo treatment, LV performance was preserved by 
bepridil. 
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nisms, no significant tachycardic response was associ- 
ated with bepridil therapy. Narahara et al!4 reported 
similar preservation of LV function in patients with 
stable angina pectoris but with less ventricular dys- 
function than that in our patients at rest and at peak 
ischemia. 


We conclude that bepridil is an effective single agent 


in the treatment of patients with exertional angina 
pectoris. The lack of significant systemic side ef- 
fects,!4:15.33 the improved LV performance and exercise 
capacity and the diminished incidence of clinical anginal 
episodes and need for nitroglycerin therapy suggest that 
bepridil is an important agent in the treatment of pa- 
tients with symptomatic coronary artery disease. The 
advantage of once-a-day therapy may result in im- 
proved patient adherence to the antianginal regimen. 
In addition, the beneficial effects on LV function 
suggest that bepridil therapy might be useful in patients 
with borderline LV performance and that it might have 
a role in combination with 8-adrenergic blocking drugs 
to produce additional antianginal efficacy without 
deleterious effects on LV performance. 
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Comparative Efficacy of 200, 300 and 400 mg of Bepridil 
for Chronic Stable Angina Pectoris 


WILLIAM SHAPIRO, MD, ROBERT DiBIANCO, MD, and UDHO THADANI, MBBS, MRCP, 
and OTHER MEMBERS of the BEPRIDIL COLLABORATIVE STUDY GROUP* 





А total of 178 patients participated in a 14-week, 


multicenter, double-blind, parallel study to evaluate 
the comparative efficacy and safety of single daily 
doses of 200, 300 and 400 mg of bepridil hydro- 
chloride and placebo in the treatment of patients 
with chronic stable angina pectoris. The results 
showed that weekly angina attacks and nitroglycerin 


consumption were significantly reduced from 
_ baseline levels with all doses of bepridil (p <0.01), 
. and the reductions were consistently greater than 


those in the placebo group. For the 400-mg dose the 


reductions in angina attacks and nitroglycerin 


consumption were significantly greater (р <0.05) 


_ than those in the placebo group at all but 1 evalua- 


tion point. Exercise tolerance improved significantly 


. during bepridil administration (p <0.05), and a 


significant linear dose response was noted for total 


exercise time, total work and time to onset of angi- 
na. In addition, bepridil was significantly superior to 
placebo for these parameters at doses of 300 (p 
X 0.05) апа 400 mg (p <0.01). There were small 
reductions in heart rate (mean 3.7 beats/min) and 
prolongation of QT and QTc intervals (approximately 
30 to 40 milliseconds) associated with bepridil 
treatment. 

Bepridil was well tolerated by patients in this 
study. When adverse effects occurred, they most 
frequently involved the gastrointestinal and central 
nervous systems. Of the patients receiving bepridil, 
6% discontinued therapy because of adverse ef- 
fects. The study demonstrates that bepridil given 
once a day at doses ranging from 200 to 400 mg was 
safe and effective in the treatment of stable angina 
pectoris. (Am J Cardiol 1985;55:36C-42C) 
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Calcium-channel antagonists represent a major devel- 
opment in cardiovascular pharmacology.! Their basic 
mechanism of action is the inhibition of influx of ex- 
tracellular calcium into the cell,?? and they favorably 
modify the myocardial oxygen supply-and-demand 
relation. Unlike the 8 blockers, which are chemically 
related, calcium-channel blocking agents represent 
completely different chemical entities, and their phar- 
macologic and pharmacokinetic effects and adverse 
effect profiles differ considerably.*° Although they have 
a commonality of effectiveness in the treatment of pa- 
tients with anginal syndromes, some appear to be ef- 
fective in the treatment of hypertension, others are 
useful in patients with certain arrhythmias and some 
may also extend protection against myocardial ischemia 
and infarction.®&!2 

Bepridil, one of these new drugs, shares the calcium 
antagonist properties of the other calcium-channel 
blockers, but it differs in some important aspects from 
those currently available. Bepridil is lipophilic and has 
a half-life on repeat dosing of 42 + 12 hours,!? conferring 
effectiveness with once-a-day dosing. In addition, the 
fact that it prolongs the refractoriness of the atria, 
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ventricles and His-Purkinje system suggests a different 
electrophysiologic profile from that of the other cal- 
cium-channel blockers.!4-!? 

In single-blind and double-blind studies in Europe, 
bepridil at 300 mg/day was efficacious in patients with 
chronic stable angina.!9?:1? Controlled clinical trials in 
the United States confirm that bepridil at 200 to 400 
mg/day increases exercise tolerance and reduces both 
frequency of angina attacks and nitroglycerin con- 
sumption,?9-?? and that once-a-day dosing adequately 
provides antianginal therapy. 

We present the results of a 14-week multicenter, 
double-blind, parallel study in 178 patients. The study 
was conducted to evaluate the comparative efficacy and 
safety of single daily doses of 200, 300 and 400 mg of 
bepridil and placebo in the treatment of patients with 
chronic stable angina. 


Methods 


Study design: Eighteen investigators conducted a multi- 
center study of bepridil in outpatients with chronic stable 
angina pectoris. This was a randomized, double-blind, parallel 
comparison of 200, 300 and 400 mg/day bepridil with placebo. 
Duration of this study was 14 weeks: a 2-week single-blind 
placebo phase followed by a 12-week double-blind phase 
during which patients received either placebo or 1 of the doses 
of bepridil (Fig. 1). 

Patient selection: Patients selected for the study had 
confirmed chronic stable angina. During the initial placebo 
period, most patients averaged >5 angina attacks/week under 
ordinary living conditions and exhibited positive exercise 
tolerance test results (typical anginal pain associated with 
significant ST-segment changes, horizontal or downsloping, 
depressed beyond 1.0 mm, measured 0.08 second from the J 
point during the recovery period). All patients had resting 
electrocardiogram patterns that would permit correct inter- 
pretation of ST-segment changes during angina attacks. 

Concomitant medications that would not interfere with the 
interpretation of study results, such as antibiotics, anti- 
inflammatory drugs, vitamins, analgesics, laxatives and so- 
porifics, were permitted. Beta blockers, prophylactic nitro- 
glycerin or other antianginal drugs, antiarrhythmic agents, 
digitalis glycosides, opiate analgesics and antipsychotic agents 
were not permitted. 

Patients who had sustained a myocardial infarction within 
3 months of the study, had severely impaired renal or hepatic 
function, had hypoglycemic attacks or lupus erythematosus 
(spontaneous or drug-induced) or had any condition that 
would interfere with data interpretation were not allowed into 
the study. Patients for whom the study treatment could create 
undue risk were also excluded. 'The study protocol was ap- 

proved by the respective institutional review committees, and 
all patients gave informed consent. 

Study drugs: Placebo and active drug (100, 150 or 200 mg 
of bepridil) were provided in identical-appearing capsules, and 
patients were instructed to take 2 capsules each morning. No 
medication was taken on the morning of a visit to a physician 
investigator, and all dosing was delayed until after the stress 
test to ensure uncomplicated interpretations of stress test data 
and allow assessment of drug efficacy 24 hours after dosing. 

Open-label bottles of 0.4 mg of nitroglycerin tablets were 
provided for use as needed; nitroglycerin was not to be used 
prophylactically. 

Evaluation of efficacy: Subjective assessments: Patients 
were encouraged to maintain their usual level of activity, and 
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of nitroglycerin tablets taken in а ae that was evaluated at 4 
each visit by the investigator. E 
Objective assessments: Exercise tolerance tests were per- _ X. 
formed at every visit: at entry into the study, after 2 weeks of 
single-blind placebo administration, and after 4, 8 and 12. | 
weeks of double-blind comparison of bepridil with placebo. 
Treadmill exercise testing, using the Bruce protocol?? modi- ~ 
fied to include a stage 1/2 at the outset, was performed at 
approximately the same time and same day of the week OE 
each patient. The parameters measured were total exercise 
time, time to angina, time to 1- and 2-mm ST-segment do x 
pression and total work. i 
Work capacity in kilopondmeters (kpm) was сайд 
from the results of each stage of the stress test, using the fol- _ 
lowing formula: Work (крт) = sin 6 X exercise time (s) X _ 
body weight (kg) X treadmill speed (m/s) where Û is the angle 
of inclination of the treadmill or 8 = arctan (treadmill grade ~ 
in percent/100). Total work was computed as the sum of work 
done at each stage; this value was divided by 1,000. 
Heart rate, blood pressure and ST-segment depression were _ 
recorded before and at peak exercise, and at 1, 3, 5 and 8 
minutes after exercise. Before testing and at peak exercise, the 
rate-pressure product (heart rate X systolic blood pressure/ | 
1,000) was recorded. 
Evaluation of safety: At each visit, vital signs and elec- _ 
trocardiograms (ECGs) were recorded. Clinical laboratory - 
tests (hematology, serum chemistry and urinalysis) were 1 
performed at entry into the study and at weeks 4, 8 and 12 0f 
the double-blind phase or at the patient's final visit if he dis- | 
continued treatment prematurely. Reports of adverse reac- - y 
tions were recorded, and each incident was evaluated to de- __ 
termine whether or not it was related to the study drug. _ 3 
Statistical analysis: Efficacy data are presented as mean _ 
changes from the baseline levels that were established during - 
the second week of the initial single-blind placebo phase. 
Diary entries were made daily; baseline levels for these data | 
were calculated from weekly averages obtained during the 
initial placebo phase. 4 
Patient characteristic variables were compared among _ 
| 
| 


жы ЕХ 


treatment groups using а 2-way analysis of variance (ANOVA) 
with treatment and investigator as factors; for discrete vari- 
ables, such as adverse reaction frequency, the x2 test was used. 
Clinical laboratory tests were compared using a paired t 
test. 
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Placebo —o.d. 45 patients 4 


Bepridil 200 mg—o.d. 43 patients 4 
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Bepridil 300 mg—o.d. 46 patients 





Bepridil 400 mg—o.d. 44 patients 






2 weeks 12 weeks 
Baseline 4 8 1" 
ETT à 2 А е е е 
12-lead ECG ө е е 
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Lab Tests 


х 
1 
FIGURE 1. Study design. A 2-week single-blind placebo phase was _ 
followed by 12 weeks of double-blind therapy. The baseline visit is the ^ 
beginning of the double-blind phase. ECG = electrocardiogram; ETT 
— exercise tolerance test; o.d. — once a day. 
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TABLE! Patient Demographics 


E Bepridil  Bepridil Bepridil 
E Placebo 200 mg 300mg 400mg 
- Patients (n) 45 43 46 44 
BE (M/F) 39/6 40/3 40/6 38/6 

. Race (W/B/O) 37/5/3  36/7/0 41/5/0  40/4/0 
_ Age (yr) 

= Mean 58.3 62.1 60.6 61.7 
. . Range 34-81 39-84 43-80 34-77 
. Weight (Ib) 

pr Mean 186.6 185.6 181.4 169.5 
... Range 116-309 138-270 127-266 121-231 
.. Years with angina 

_ Mean 6.9 5.9 7.2 5.8 

».. Range 0.1-31.1 0.2-23.1 0.1-28.2 0.1-25.6 
` History 

— Myocardial infarction 20 22 26 12 
.... Coronary artery bypass 8 8 12 10 

| .. graft surgery 


E W/B/O = white, black, other. 


Treatment groups were compared using a 2-way ANOVA 
for continuous measurements and a 2-way ANOVA on ranks 
` for discrete measurements. Comparisons of bepridil to placebo 
and linear trend and deviations from linear trend in response 
. to bepridil were made. 
. . Paired comparisons of placebo to each bepridil treatment 
К group were made as follow-up using t tests on adjusted (for 
- investigator) treatment means, with a pooled estimate of error 
_ from the overall analysis. One-sided significance levels were 
` reported in all tests comparing bepridil to placebo. 
—. Inall 2-way ANOVA tests, an additive model was fit to the 
. data; that is, no interaction between investigator and treat- 
- ment was included. To examine the lack of homogeneity of 
` differences among treatments across investigators (nonad- 
` ditivity), the model for nonadditivity suggested by Mandel”4 
. was implemented using the more general approach of Milliken 
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` FIGURE 2. Angina attacks per week, mean change. In all bepridil groups 
` at all visits there were significant decreases from baseline values in 
angina attack frequency (p 50.001). The placebo group showed sig- 
` nificant decreases at weeks 8 and 12 (p = 0.01). All doses of bepridil 
` were significantly superior to placebo at week 4, and bepridil 400 mg 
. was significantly superior at week 12. Numbers in parentheses are the 
number of patients evaluated at each visit. Baseline numbers of patients 
were: bepridil 400, 38; bepridil 300, 42; bepridil 200, 37; placebo, 39. 
Bepridil was significantly superior to placebo: * р S0.05; **p 

` €0.01. 
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and Graybill.*° Statistical significance was defined as p 
<0.05. 


Results 


Patients: There were 178 patients in the study. 
Analysis of demographic data (‘Table I) showed that the 
groups represented a homogeneous population with 
weight the only variable for which there was a signifi- 
cant difference among groups; mean weight for patients 
in the bepridil 400-mg group was significantly less (p 
<0.05) than in the placebo and bepridil 200-mg groups. 
Although there was some variation in efficacy param- 
eters among groups at baseline (‘Table IT), there were no 
statistically significant differences. 

Of 178 patients who entered the study, 11 (evenly 
distributed among the groups) were subsequently dis- 
qualified from the efficacy analysis, primarily because 
they had not met the entrance criteria. Therefore, 178 
patients were evaluated for safety and 167 for effi- 
cacy. 

A total of 187 patients completed the entire protocol. 
Forty-one patients discontinued prematurely. Nine 
patients discontinued because of adverse reactions: 1 
in the bepridil 200-mg group, 3 in the bepridil 300-mg 
group and 5 in the bepridil 400-mg group. Lack of effi- 
cacy caused 17 patients to discontinue: 8 in the placebo 
group, 3 in the bepridil 200-mg group, 5 in the 300-mg 
group and 1 in the 400-mg group. Because of intercur- 
rent illness, 1 patient in the bepridil 400-mg group dis- 
continued. One patient in the bepridil 200-mg group 
and 1 in the 300-mg group had myocardial infarction. 
Ten discontinued for reasons not related to the study: 
3 each in the placebo and bepridil 200-mg groups and 
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FIGURE 3. Nitroglycerin tablets per week, mean change. In all bepridil 
groups at all visits there were significant reductions from baseline values 
in nitroglycerin tablet consumption (p <0.01). In the placebo group there 
was a significant reduction only at week 8 (р <0.05). All doses of 
bepridil were significantly superior to placebo at week 4; 200 and 400 


-mg were also significantly superior at week 12. Approximately the same 


number of patients were evaluated at each visit for nitroglycerin con- 
sumption as for the frequency of angina attacks. Bepridil was signifi- 
cantly superior to placebo: * p <0.05; ** p <0.01. 
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TABLE I| Baseline Values for Efficacy Parameters 
Placebo 
Angina attacks/week 8.4+ 10.3 


Nitroglycerin tablets/week 6 
Treadmill results 
Total work (kpm/ 1,000) 3 
Total exercise time (min) 7. 
Time to onset of angina (min) 5 
Time to 1-mm ST-segment 

depression (min) 5 
Time to 2-mm ST-segment 


depression (min) 5.0 + 2.4 
Peak rate-pressure 
product 22.3 + 4.6 


2 each in the bepridil 300-mg and 400-mg groups. T'wo 
deaths occurred, 1 in the placebo group and 1 in the 
bepridil 300-mg group. 

'The analysis of vital signs showed that there were no 
changes in body temperature or respiration rate in any 
group; clinically insignificant decreases in weight oc- 
curred in the bepridil groups. Systolic blood pressure 
was not affected by bepridil, but diastolic blood pressure 
was consistently lower (up to 5 mm Hg less) than base- 
line in the bepridil 400-mg group. 

Frequency of angina attacks (Fig. 2): During 
therapy, consistently fewer angina attacks occurred in 
the bepridil groups than in the placebo group; the 
magnitude of the decreases was significantly greater 
than placebo for bepridil 400 mg at week 4 (p <0.01) and 
week 12 (p = 0.04), and for bepridil 200 mg (p «0.01) 
and bepridil 300 mg (p = 0.03) at week 4. 

Compared with baseline values, there were significant 
decreases in angina attacks (p 0.001) for all doses of 
bepridil at all visits. The placebo group showed signif- 
icant decreases in angina attacks (p = 0.01) at weeks 8 
and 12. 

Effects on nitroglycerin consumption (Fig. 3): 
During treatment, the decrease in nitroglycerin con- 
sumption was consistently greater in all bepridil groups 
than in the placebo group, and was significantly greater 
for bepridil 400 mg at week 4 (p <0.01) and week 12 (p 
= 0.05), for 300 mg at week 4 (p = 0.05) and for 200 mg 
at week 4 (p <0.01) and week 12 (p = 0.04). 

Compared with baseline values, there was a signifi- 
cant decrease (p <0.01) in nitroglycerin tablet con- 
sumption for all bepridil doses at all visits. For the 
placebo group, the decrease from baseline for nitro- 
glycerin consumption was significant (p <0.05) only at 
week 8. | 

Effects on exercise tolerance parameters (Figs. 
4 and 5): During therapy all treatment groups showed 
improvement from baseline values in total exercise time, 
time to angina, time to 1-mm ST-segment depression 
and total work. However, improvements in the placebo 
group were generally not significant, whereas those in 
the bepridil groups were significant at all evaluations 
(p <0.05). Bepridil also exhibited a linear dose response 
that was statistically significant at all visits for total 
exercise time (p «0.01), at weeks 4 and 12 for total work 
(p <0.05) and at week 12 for time to angina (p 


x 0.05). 


Bepridil Bepridil Bepridil 
200 mg 300 mg 400 mg 
11.9 3::12,5 10.1 € 7.9 12.2 + 10.4 
11:03: 18:1 6.1 ± 7.4 11.2 1 10:5 
3.0 + 1.8 2.8 + 2.0 2.2 3 1.5 
L3 2:35 6.9 + 3.1 6.4 + 2.7 
5.3 +'2.0 4.8 + 2.4 4.4 + 2.2 
4.9 + 2.5 4.8 + 2.8 4.6 + 2.5 
6.2 + 2.6 5.6 + 2.4 4.8 + 2.5 
20.0 + 6.2 21.2 + 4.4 19.9 + 4.6 
TABLE Ill! Summary of Mean Rate-Pressure Product 
(HR/SBP)/1,000 
Rate-Pressure Product (mean) 
Study See 
Phase Group Before Exercise Peak Exercise 
Baseline Placebo 11.42 + 2.28 22.344463 — 
Bepridil 200 mg 10.22 + 2.04 19.97 + 6.24 __ 
Bepridil 300 mg 11.01 + 2.51 21.24 + 4.42 
Bepridil 400 mg 10.44 + 2.19 19.90 + 4.57 _ 
Final* Placebo 11.46 + 2.20 21.98 + 5.34 © 
Bepridil 200 mg 9.88 + 2.10 19.81 6.6185 
Bepridil 300 mg 10.40 + 2.241 20.73 + 4.99 
Bepridil 400 mg 9.68 + 1.78 18.74 + 3.93 — 
* Final = last evaluation for all patients whenever it occurred іп the 


double-blind phase. 
Significant decrease from baseline: ї p <0.05; їр $0.01. 


Bepridil 400 mg was significantly more effective than 





placebo at all visits in increasing total exercise time, ; 
time to angina and total work (p <0.01) and at week 12 | 


in increasing time to 1-mm ST-segment depression (p 
= 0.01). Bepridil 300 mg was significantly more effective 
than placebo in increasing total exercise time at all visits 
(p <0.05), time to angina at weeks 4 and 8 (p 0.05), 
total work at weeks 4, 8 and 12 (p 0.03), and time to 
1-mm ST-segment depression at week 12 (p <0.05). 


Bepridil 200 mg was more effective than placebo in in- 


creasing time to 1-mm ST-segment depression at week _ 
12 (p = 0.02) and total exercise time and total work at © 
all visits, but the improvement in the last 2 parameters _ 


was not significant at any visit. 

Forty-six patients showed 2-mm ST-segment de- 
pression on ECG. The bepridil groups showed signifi- 
cant prolongation in time from baseline to 2-mm ST- 
segment depression (p <0.05) at every evaluation except 
week 4 (300 mg) and week 12 (200 mg). Each dosage of 
bepridil produced greater increases than placebo; the 
differences were significant for 400 mg at all visits (p 
< 0.04), for 300 mg at week 12 (p = 0.03) and for 200 mg 
at weeks 4 and 12 (p <0.04). 


Effects on rate-pressure product: Preexercise _ 


rate-pressure product increased slightly in the placebo - 
group and decreased in the bepridil groups (Table III). 
No consistent linear dose response was seen among the _ 


bepridil groups. The reductions from baseline values in 


the 300- and 400-mg bepridil groups were statistically _ 


significant at all visits (p <0.05). The difference between - 
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these 2 groups and the placebo group was statistically 


significant (p <0.05). Peak exercise rate-pressure 
| product did not change significantly in any treatment 
group. 

Effects on resting electrocardiogram: The re- 


снапа in resting heart rate, seen with all doses of 
- bepridil (Table IV), occurred within the first 4 weeks 


of treatment. Furthermore, a significant linear dose 


response was demonstrated at weeks 4, 8 and 12 (p 


. €0.02). The reductions from baseline values at the final 
. visit were statistically significant for bepridil 400 and 
300 mg (p «0.01), and for bepridil 200 mg (p <0.05). 
Decreases in the 400-mg group were 7 to 8 beats/min. 
No significant change occurred in the placebo group. 
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Overall, the mean reduction in heart rate on bepridil 
therapy was 3.7 beats/min. 

Approximately 20% of patients receiving bepridil 
therapy in this study showed a flattening, notching or 
dimpling of the T wave. Bepridil prolonged the ӨТ and 
Q'Tc intervals an average of 30 to 40 milliseconds. In 7 
patients prolongations of QTc from baseline values were 
22596. With bepridil there was a significant linear dose 
response in prolongation of the QT interval (p <0.05) 
but not of the QTc interval. No changes were seen in QT 
or QTc intervals in the placebo group. No changes were 
seen in PR or QRS intervals for bepridil or placebo. 

Safety analysis: Patients taking bepridil had a 
higher incidence of gastrointestinal and central nervous 
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; FIGURE 4. Exercise tolerance test results: time to angina, total exercise time, time to 1- and 2-mm ST-segment depression, mean change. The 


bepridil 300- and 400-mg groups experienced significantly greater improvement in exercise tolerance than did the placebo group at most evaluation 
points. Numbers in parentheses are the number of patients evaluated at each visit. Baseline numbers for time to angina were: bepridil 400, 29; 
bepridil 300, 34; bepridil 200, 34; placebo, 34; for time to 1-mm ST-segment depression: bepridil 400, 31; bepridil 300, 35; bepridil 200, 30; placebo, 
33; for time to 2-mm ST-segment depression: bepridil 400, 13; bepridil 300, 10; bepridil 200, 13; placebo, 10. Approximately the same number 
of patients were evaluated at each visit for total exercise time as for the frequency of angina attacks. Bepridil was significantly superior to placebo: 


* p €0.05; ** p X0.01. 


double-blind phase. 
Significant decrease from baseline: ї p <0.05; + p <0.01. 


system adverse effects than did those taking placebo. 
The most commonly reported adverse effects were as- 
thenia, nervousness, dizziness, dyspepsia, diarrhea and 
nausea (Table V). 

The incidence of gastrointestinal system side effects 
was significantly higher with bepridil than with placebo 
(p = 0.01). Among the individual symptoms, nausea, 
diarrhea and dizziness were reported significantly 
more frequently with bepridil than with placebo (p 
«0.01, p = 0.3 and p = 0.05, respectively). Nine bepridil 
patients (6% of the patient population) discontinued the 
therapy because of adverse reactions to the drug 
(Table VI). 

One patient taking 200-mg bepridil was discontinued 
because of a QTc interval increase to 600 milliseconds. 
The patient was placed on 100-mg bepridil in open 
therapy, and the QT interval decreased to 400 milli- 
seconds. In 2 patients in the 300-mg group intolerable 
gastrointestinal complaints developed. Bigeminy de- 
veloped in another patient; this patient was catheterized 
and found to have normal coronary arteries. Among the 
400-mg group, central nervous system symptoms (such 
as tremor, weakness and light-headedness) were intol- 
erable for 3 patients. Another patient, a 64-year-old 
woman, had an isolated syncopal episode. Holter 
monitoring and follow-up tests were not helpful in es- 
tablishing a cause for this episode. A fifth patient in the 
bepridil 400-mg group had numerous nonspecific 
complaints requiring discontinuation of therapy; 
drug-related organic reasons were not identified for 
these complaints. In general, however, most adverse 
effects reported during the study were mild and toler- 
able. No significant arrhythmias were seen at any 

dosage. | 





agent is of interest because the various members of the 
class have demonstrated so many differences in basic 
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TABLE IV Summary of Electrocardiographic Assessments TABLE V Most Common Adverse Effects (Percent of | 
BEND C ee eee Pe ee a TE Au. OMIT» Patients) ; 
Mean Change i 
from Baseline Bepridil Bepridil Bepridil _ | 
Parameter Baseline at Final Visit* Placebo 200 mg 300 mg 400 mg F 
(n = 45) (n = 43) (п = 46) (n=44) . 
Resting heart rate (beats/min) : 
Placebo 74.6 —0.71 Asthenia 2.296 14.096 6.596 114% —— 
Bepridil 200 mg 70.0 —3.93! Nervousness 0 11.696 8.7 96 11.496 2 
Bepridil 300 mg 73.4 —4.64t Dizziness 6.7 96 11.696 15.2% 273% ИЩ 
Bepridil 400 mg 71.8 7.14: Dyspepsia 4.496 47% 6.5% 15.9% — — 
PR interval (s) Diarrhea 0 0 10.996 6.896 X 
Placebo 0.16 —0.003 Nausea 2.296 7.096 26.196 18.296 — 
Bepridil 200 mg 0.16 0.003 
Bepridil 300 mg 0.17 0.003 gl 
Bepridil 400 mg 0.17 —0.003 д 
ji nee Apes oe TABLE VI Patients Discontinuing Because of Adverse f 
Bepridil 200 mg 0.08 —0.002 Effects Ж 
abe pros 008 ge Bepridil 200 mg: Prolonged QTc interval, 1 patient | 
Bepridil 400 mg 0.08 0.000 р ° dpi | 
QT interval (s) Bepridil 300 mg: Nausea, 1 patient; diarrhea and anorexia, Ж 
Placebo 0.38 — 0.003 1 patient; bigeminy, 1 patient 4 
Leti ] t Bepridil 400 mg: | Weakness and tremor, 2 patients; light- 5 
Bepridil 200 mg 0.38 0.043 ‹ | 
Bepridil 300 mg 0.38 0.0381 headedness, 1 patient; syncopal episode, 
Bepridil 400 mg 0.39 0.0551 1 patient; numerous nonspecific complaints, ' 
QTc interval (5) 1 patient | 
Placebo 0.42 —0.005 | 
Bepridil 200 mg 0.41 0.0321 | 
Bepridil 300 mg 0.41 0.027! : Ў 
Bepridil 400 mg 0.42 0.036! Discussion 5 

* Final — last evaluation for all patients whenever it occurred in the The introduction of a new calcium-channel blocking 
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hemodynamic and electrophysiologic activity. The . 


mechanisms by which these compounds exert their 


‘ 


profound effects on the cardiovascular system have not ~ 
been totally defined, but much of their clinical utility, | 


which is easier to determine, has been identified. 


Bepridil, an important recent addition to this group ~ 


of drugs, has been identified as having antianginal ac- 


tivity. The purpose of the present study was to quantify ~ 
that activity in a large population and to assess the ex- ; 
tent of the drug’s potential to treat patients with chronic 
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FIGURE 5. Total work, mean change. The bepridil 300- 








groups experienced significantly greater improvement in total work than 
did the placebo group at all evaluation points. Approximately the same | 


number of patients were evaluated at each visit for total work as for the _ 


frequency of angina attacks. Bepridil was significantly superior to ў 


placebo: * р <0.05; ** р <0.01. 
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stable angina pectoris on a once-a-day dosing regimen. 
The testing was performed in a multiclinic setting with 
F all participating centers using the same protocol. Be- 
. cause we studied a large number of patients, we had the 
` opportunity to compare 3 dosages of bepridil for the 
. relative therapeutic efficacy and the incidence of ad- 
E verse effects. The pharmacokinetic properties of bep- 
_ ridil suggest that it is a viable once-a-day therapy, and 
_ this study allowed us to affirm the clinical relevance of 
| these properties at the dosages that would be used most 
commonly. 
‘The results confirmed the efficacy of bepridil in pa- 
Я ` tients with stable angina pectoris. Decreases in angina 
E attacks and nitroglycerin tablet consumption were 
_ significant i in all bepridil groups. However, as we have 
[ previously discussed, 26 it is often difficult to show sta- 
_ tistical differences between active antianginal drugs and 
placebo in these subjective parameters. There were 
_ significant decreases from baseline values in the placebo 
group as well as in the bepridil groups. Nevertheless, we 
- found that 400 mg/day was consistently superior to 
` placebo in decreasing angina attacks and nitroglycerin 
. consumption. In the exercise tolerance tests it is easier 
- to distinguish active drug from placebo, and we did see 
_ that the latter group showed minimal improvement, 
_ whereas the patients receiving bepridil not only had 
- consistent significant improvement from baseline values 
i - but also significantly greater improvement compared 
_with the placebo group. Although the results showed 
_ that the 200 mg/day dose was effective, the best results 
` were achieved with the 400 mg/day dose; many patients 
- did well on 300 mg/day. 
` The results also showed that for most of the efficacy 
` parameters, there was significant linear dose response 
- to bepridil therapy. Adverse effects also appeared to be 
dose related. Gastrointestinal and central nervous 
system adverse effects were the most commonly re- 
ported, with asthenia, nervousness, dizziness, dyspepsia, 
diarrhea and nausea more frequent with bepridil than 
|. With placebo. These generally were minor complaints 
and only 6% of patients discontinued because of such 
symptoms. 
` The data also confirmed previous reports on the ef- 
fect of bepridil on the patients’ resting ECGs. In this 
population there were small mean reductions in resting 
heart rate compared with placebo and modest prolon- 
gation of the QT and QTc intervals (approximately 30 
_ to 40 milliseconds). No changes were seen in PR and 
` QRS intervals. 
. The question of whether bepridil is effective in 
 once-a-day dosing was satisfactorily answered in this 
study. Patients did not take their usual dose on the 
morning of the day exercise tolerance testing was done. 
Thus, the data are based on minimum steady-state 
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levels and the results confirm the long-lasting antian- 
ginal effects of the drug. 


The conclusions drawn from this rather large clinical . 


trial are that bepridil at 200 to 400 mg once a day ef- 
fectively improves the anginal syndrome and at 
300 to 400 mg significantly improves exercise tole- 
rance compared with placebo. At these doses it was well 
tolerated in patients with chronic stable angina 
pectoris. 
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Combination Propranolol and Bepridil Therapy 
in Stable Angina Pectoris 


WILLIAM Н. FRISHMAN, MD, SHLOMO CHARLAP, MD, D. JOHN FARNHAM, MD,  — 


HENRY S. SAWIN, MD, ERIC L. MICHELSON, MD, MICHAEL H. CRAWFORD, MD, 
ROBERT DiBIANCO, MD, JOHN B. KOSTIS, MD, STEPHEN R. ZELLNER, MD, ! 


DAVID D. MICHIE, PhD, RICHARD J. KATZ, MD, SYED M. MOHIUDDIN, MD, E 
and UDHO THADANI, MBBS, FRCP | 


The safety and efficacy of bepridil plus propranolol 
therapy were investigated in a placebo-controlled, 
parallel-design, double-blind trial in 56 patients who 
were not responding to propranolol alone. Patients 
entering the study were receiving an average pro- 
pranolol dosage of 131 mg/day (range 20 to 240). 
For the first 2 weeks of the study they were given 
placebo in addition to their propranolol dose, and 
then were randomized to receive continued placebo 
plus propranolol or bepridil plus propranolol therapy. 
The bepridil dosage was adjusted over the 8 weeks 
of active treatment to an average of 273 mg/day 
(range 200 to 400). The double-blind treatment 
period was followed by a 3-week washout period 
during which all patients received propranolol and 
placebo. The effects of treatment on the frequency 
of angina attacks, nitroglycerin consumption, ex- 
ercise performance (treadmill-modified Bruce 
protocol) and Holter electrocardiogram (ECG) were 
assessed. Propranolol and bepridil plasma levels 
also were obtained. Improved antianginal efficacy 
and reduced nitroglycerin consumption were noted 
when bepridil was added to propranolol (p <0.01). 
During 8 weeks of combination treatment, exercise 
tolerance increased 1.0 + 1.2 minutes from a 
baseline of 7.3 + 2.2 with bepridil plus propranolol 


compared with an increase of 0.02 + 1.3 minutes 
from a baseline of 7.6 + 2.9 with placebo plus pro- 
pranolol (p <0.01). With bepridil plus propranolol, 
there were also increases in exercise time to onset 
of angina (p <0.04), exercise time to 1-mm elec- 
trocardiographic ST-segment depression (p «0.06) - 
and total work (p «0.03) compared with placebo 
plus propranolol therapy. Resting heart rate was 
reduced a maximum of 2 beats/min with combina- - 
tion treatment compared with propranolol alone, and - 
no differences in blood pressure between treatment - 
groups were observed. There were no clinically 
significant rhythm changes on Holter ECG with - 
combination treatment, and bepridil treatment had > 
no effect on plasma propranolol levels. Bepridil did 
prolong the QTc interval on resting ECG by a mean 
of 37 + 39 millisecond. Adverse effects were mild 
with bepridil plus propranolol and greater in fre- - 
quency than those with placebo plus propranolol. 
With cessation of bepridil, patients returned toward - 
the angina frequency and exercise tolerance levels 
seen at baseline with propranolol alone. The addition 
of bepridil to propranolol provided safe and effective 
antianginal therapy in patients whose angina was 
not controlled by propranolol alone. 

(Am J Cardiol 1985;55:43C-49C) 
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'The introduction and subsequent widespread use of 
6-adrenergic blocking drugs for angina pectoris repre- 

sent an important advance in cardiovascular therapy.! 

B-blocking agents reduce myocardial oxygen con- 
sumption at rest and during exercise and, by this. 
mechanism, reduce the frequency of angina attacks and 
nitroglycerin consumption, while improving exercise 

tolerance in patients. Because angina pectoris may also 
be caused by abnormalities in coronary vascular tone. 
(spasm), a new group of drugs, the calcium-channel 
blockers, has been introduced as antianginal treatment.? 


SYMPOSIUM ОМ BEPRIDIL: ^ NEW NEW ANTIANGINAL AGENT 






E These compounds inhibit transmembrane calcium ion 
_ influx, which is necessary for cardiac and smooth muscle 
ч à contraction. 4,5 

- . Bepridil (Fig. 1) is a new long-acting calcium-channel 
blocker that appears to be unique among these new 
compounds. In addition to its ability to relax vascular 
-smooth muscle by its calcium-channel blocking action, 
 bepridil prolongs the effective refractory periods of the 
pant ventricles and His-Purkinje system, suggesting 







dditional electrophysiologic action.9-9 The results of 
placebo-controlled clinical trials show that bepridil can 
ома, significant relief of pain symptoms in patients 
with chronic, stable angina pectoris.9-13 
` Тһе results of 3 studies in the United States!9.12.13 
demonstrated that bepridil in dosages of 200 to 400 
mg/day was more effective than placebo in reducing 
angina attacks and improving exercise tolerance. In a 
- recent placebo-controlled, dose-finding study! of 178 
atients, significantly greater reductions in the fre- 
[quency of angina attacks and nitroglycerin consumption 
were seen with the once-daily 400-mg dosage than with 
Eplacebo, and significantly greater improvement in ex- 
. ercise tolerance was seen with dosages of 300 and 400 
_mg/ day. 
With different but possibly complementary actions 
in chronic stable angina, the possibility of a beneficial 
Чә interaction between the p- blocking drugs and the 
- calcium-channel blockers arises.1415 In this placebo- 
- controlled, double-blind study, the efficacy and safety 
of combination treatment with bepridil used once daily 
End propranolol were evaluated in patients with ef- 
| fort-induced angina not well controlled on the 8 blocker 
Alone. 


3 | Methods 


` Patient selection: Fifty-six adult patients (50 men and 6 
women) with typical effort-induced angina pectoris relieved 
by nitroglycerin were entered into the study after written and 
- informed consent was obtained. The mean patient age was 59 
| + 8 years. All patients had a relatively stable frequency of 
angina attacks per week for a 3-month period preceding the 
| study. During the placebo plus propranolol baseline phase of 
А the study, the average rate was 73 angina attacks/week under 
- normal living conditions, with no evidence of instability. Each 
agent demonstrated on 2 occasions an abnormal electro- 
cardiographic response to exercise and typical chest pain, 
med a standardized, multistage, treadmill exercise test 
(modified Bruce protocol).!6 Patients had to demonstrate on 
he exercise electrocardiogram (ECG) at least 1 mm of flat or 
os sloping ST-segment depression, 0.08 second after 
the J point. 
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FIGURE 1. Chemical structure of bepridil. 
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Patients were not included in the study if they had had 
myocardial infarction or coronary bypass surgery within 3 
months before entry or had had serious ventricular arrhyth- 
mias defined as 230 ventricular premature contractions 
(VPCs)/hour or repetitive complexes. Also excluded were 
patients with physical conditions for which the study drug 
could create undue risk or who were taking medications that 
would possibly interfere with data interpretation. 

Study design (Fig. 2): This multicenter, placebo-controlled 
study lasted 13 weeks. It was conducted in 3 phases, through- 
out which patients took their usual dosages of propranolol 
(mean 131 mg/day, range 20 to 240). The first of the 3 study 
phases was a single-blind, 2-week baseline period during which 
placebo and open-label fixed doses of propranolol were ad- 
ministered. In the second phase, patients continued to receive 
propranolol and were randomized in double-blind fashion 
using a 2:1 ratio scheme to receive bepridil or placebo (twice 
as many patients received bepridil). During this 8-week phase 
the dosage could be adjusted up or down in 100-mg increments 
every 2 weeks. Adjustments were made at the discretion of the 
investigator depending on the patient's response to therapy. 
Double-blind therapy (bepridil or placebo) was abruptly 
withdrawn at the beginning of the third phase; during this 
3-week period patients continued to take open propranolol 
therapy and also received single-blind placebo therapy. 
Bepridil and placebo were dispensed in identical-appearing 
capsules containing either 100 mg of bepridil or placebo. 
Throughout the study, patients were permitted sublingual 
nitroglycerin tablets (0.4 mg) as needed to abort anginal epi- 
sodes; nitroglycerin was not to be taken prophylactically. 

Evaluations of efficacy and safety were performed during 
all 3 phases of the study. Visits to the clinic were made at entry 
and at completion of the 2-week placebo period, at weeks 2, 
4, 6 and 8 of double-blind therapy and at the end of the 3-week 
washout period. 

Evaluation of efficacy: Subjective assessments: All pa- 
tients maintained a diary throughout the study, recording 
daily angina attacks, nitroglycerin consumption and any ad- 
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FIGURE 2. Study design. Duration of the study was 13 weeks, during 
which patients continued taking propranolol. After 2-week baseline 
placebo phase, bepridil or placebo was taken concomitantly with 
propranolol for an 8-week period. A 3-week placebo/propranolol phase 
completed the study. EX — visits at which exercise treadmill tests were 
performed. 
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verse reactions experienced. These data were analyzed at each 
evaluation visit and were compared with baseline data. 

Objective assessments: Each patient underwent exercise 
tolerance tests at baseline, weeks 4 and 8 of the double-blind 
phase and the end of the washout phase or at the patient's 
final evaluation if it did not occur at a regularly scheduled 
visit. The multistage treadmill exercise testing protocol con- 
sisted of identical, sequential 3-minute stages of increasing 
workload, speed and elevation using a modified Bruce pro- 
tocol.16 Tests were performed at approximately the same time 
and same day of the week for each patient. All patients were 
in the postabsorptive state and were exercised just before the 
morning dose of the study drug. No nitroglycerin was used in 
the 2-hour period before the test, and patients were not to use 
products containing nicotine for 12 hours before the test. 

During exercise, blood pressure was measured every 3 
minutes and lead V5 was continuously monitored on an os- 
cilloscope. The endpoint of exercise was either the onset of 
angina, severe ST-segment changes of 24 mm in the absence 
of anginal pain, significant decrease in systolic blood pressure 
during exercise, development of severe ventricular dys- 
rhythmia (3 consecutive VPCs), occurrence of left bundle 
branch block or high degree of atrioventricular block. 

The parameters measured were resting and exercise heart 
rate and blood pressure, total exercise time, time to angina, 
time to 1-mm ST-segment depression on the ECG and total 
work. Àn amount of work performed during exercise was 
calculated in kilopondmeters (kpm) using this formula: work 
(kpm) = sina X treadmill speed (m/s) X body weight (kg) X 
exercise time (s), where a is the angle of inclination of the 
treadmill. Total work was computed as the sum of the work 
done at each stage; this value was then divided by 1,000. 

Supine heart rate and blood pressure were recorded before 
and immediately after cessation of exercise and at 1, 3, 5 and 
8 minutes after exercise. The product of heart rate and systolic 
blood pressure (HR X SBP/1,000) before and immediately 
after exercise was calculated. Also noted were the types of 
ST-segment changes before and immediately after exercise, 
and the reason for the cessation of exercise. 

Plasma propranolol and bepridil levels: To assess a 
possible interaction between the drugs, 10-ml before-dose 
blood samples were drawn from 23 patients before exercise 
tests. After collection, samples were stored on ice; plasma was 
separated by centrifugation and stored frozen in polypro- 
pylene snap-cap tubes. Plasma samples were analyzed by 
separate reverse-phase high-pressure liquid chromatographic 
assay procedures for bepridil!? and propranolol.!? 

Evaluation of safety: Adverse reactions recorded in pa- 
tient diaries were reviewed by the investigator and evaluated 
as to relation to the study drug. Clinical laboratory tests, in- 
cluding assessment of hematologic profile, serum chemistry 
and urinalysis, were evaluated and ECGs and vital signs were 
monitored at baseline, periodically throughout the study and 
at the end of the washout phase. In addition, 24-hour Holter 
electrocardiographic monitoring (Oxford MR10 Recorder) was 
performed at baseline, week 4 of the double-blind period and 
the end of the washout period, or at the patient's final evalu- 
ation if that did not occur at a regularly scheduled visit. 

Statistical analysis: Data are presented as group means 
+ standard deviation in the text and tables and as mean + 
standard error of the mean in the illustrations. For exercise 
parameters, data are presented in the tables as mean changes 
from baseline. Baseline levels for all efficacy parameters were 
obtained at the last evaluation of the initial single-blind pla- 
cebo phase. 

Comparability of the 2 test groups at baseline was deter- 
mined using a 2-way analysis of variance (ANOVA) blocking 
on the investigator. Changes from baseline were examined 


_ March 15, 1985 THE AMERICAN JOURNAL OF CARDIOLOGY Volume 55 uc | 













B 
TABLE! Baseline Demographic Characteristics of 50 Ee 
Patients Included in Efficacy Analyses* b 
Bepridil + Placebo t _ 
Propranolol Propranolêl its na 
Patients (n) 32 18 E 
Sex: Male/Female 29/3 16/2 E 
Age (yr) (mean + SD) 60.3 + 8.8 59.7 + 8.0 ^ 
Duration of angina (yr) 4.0 + 9.8 55+ 4.9 Ga 
(median + SD) E. 
Weekly number of angina attacks 6.9 + 4.8 8.37.2 38 
(mean + SD) E 
Weekly nitroglycerin tablet 541532 69169 5 
consumption (0.04 mg) ME 
(mean + SD) 


* There were no significant differences between groups for any 
variable. я 
SD = standard deviation. E 


using the 2-way ANOVA for investigator- by-drug- -group. ; 
Between-treatment analysis was performed using 1-tailed ' 
tests and was based on the alternate hypothesis that Берна 
was better than placebo. 

Because of the variability in data, weekly angina attack rate 
and weekly nitroglycerin consumption were analyzed using 
a 3-level Winsorization procedure.!? Paired t tests were usedi 
to test within-treatment group differences. For Winsorized _ 
parameters, the Dixon-Massey correction factor was used. 
Two-tailed tests were used for within-patient comparisons. 

For analysis of safety variables, 1-tailed tests were used but | 
no a priori assumptions were made. Adverse reaction incident 
rates were displayed by drug group, and comparisons between _ 
drug groups were made using the x? test with Yates’ correc- - 
tion. Statistical significance of all tests was defined as - 

p «0.05. У | 


Results 


Patient demography, drug dosage, compliance · 
and dropouts: Fifty-six patients entered the double- 
blind phase of the study and were evaluated for safety. 
It was subsequently determined that 6 patients (5 on. 
bepridil and 1 on placebo) did not meet entrance cri- 
teria, and data from these patients were excluded from | 
efficacy analyses. 

Of the 50 patients included in the efficacy analyses | 
(Table I), there were 45 men and 5 women, with a mean | 
age of 60.3 years in the bepridil group and 59.7 years in ` 
the placebo group. The median number of years with | | 
angina for the bepridil- and placebo-treated groups was _ 
4.0 and 5.5, respectively. The treatment groups were - 
comparable for all demographic and clinical status pa- - 
rameters, and differences between groups in average i 
baseline severity of angina were not significant. 

At the beginning of the double-blind phase of the - 
study, patients randomized to receive bepridil were 
given 200 mg/day. At subsequent visits, de 
half the 32 patients had dosage increases; at week 8, 13 - 
patients remained at 200 mg/day, 7 were receiving 300 _ 
mg/day and 6 were receiving 400 mg/day (mean dosis ; 
273.1) (Table IT). 

Propranolol doses had been established before the d 
study and remained stable throughout. The mean doseli ў 
was 138 mg/day in patients taking placebo and 127 - 
mg/day in patients taking bepridil. 

Twelve patients, 7 in the bepridil group and 5 in the | 
placebo group, were discontinued from the study pre- + 
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|^ TABLE II 








| Summary of Bepridil Dose Distribution During 
EC the 8- Week Double-Blind Phase 
Ж 1 Patients (n) 
ке | at Bepridil Dose (mg) 
CO" —— i —— («Pra Dose (mg): 
. Study Phase 200 300 400 Mean + SD 
E: ouble-blind 32 0 0 200 
| baseline 
|. Week 2 31 1 0 203:1 & 17.7 
| E Week 4 15 13 0 246.4 + 50.8 
/еек 6 14 10 4 264.3 73.1 
` Week 8 13 7 6 273.1 + 82.7 





N inem Each patient received his usual dose of propranolol throughout 
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` FIGURE 3. Frequency of angina attacks and nitroglycerin consumption. 
E E Weekly angina attacks were significantly reduced in both groups; the 
reduction was greater in the bepridil group. Bepridil-treated patients 
- significantly reduced their weekly nitroglycerin consumption; pla- 
Mp o troated patients showed no significant change from baseline. 
Baseline and follow-up diary data were not available for some pa- 
“tients. Data are given as mean + standard error of the mean. NS = 
3 ` not significant. 
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maturely. Three placebo-treated patients, but no bep- 
ridil-treated patients, were discontinued for lack of ef- 
ficacy. No placebo-treated patient discontinued therapy 
because of an adverse reaction; 3 bepridil-treated pa- 
tients (1 each with flu, wheezing and nausea) discon- 
tinued it. One bepridil-treated patient had one 9-beat 
run of asymptomatic, nonsustained, monomorphic 
ventricular tachycardia on Holter monitoring, unasso- 
ciated with any QTc prolongation. This patient had a 
history of ectopy treated with quinidine and was dis- 
continued from bepridil therapy to resume taking 
quinidine. Five more patients (3 in the bepridil- and 2 
in the placebo-treated group) discontinued treatment 
for reasons not related to the study medications. 
Effects on angina frequency and nitroglycerin 
consumption (Fig. 3): The frequency of angina attacks 
was reduced significantly from baseline levels in both 
treatment groups by an average of 3.11 attacks/week for 
bepridil plus propranolol-treated patients (p «0.001) 
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FIGURE 4. Exercise test results. Addition of bepridil to propranolol 
resulted in significant increases (p <0.001) over baseline values in 
exercise time, time to angina, time to 1-mm ST-segment depression 
on electrocardiogram and total work. Bepridil plus propranolol provided 
significantly better exercise performance than did propranolol alone 
in total exercise time (p = 0.01), time to angina (p = 0.04) and total work 
(p = 0.03). One placebo-treated patient and 2 bepridil-treated patients 
did not have follow-up exercise tests. One placebo-treated patient did 
not have a baseline total work value. B = baseline value; F = final value; 
NS = not significant. Data are given as mean + standard error of the 
mean. 
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TABLE Ill 
Double-Blind 
Baseline 


Mean + SD (n) 





Total exercise time (min) 


Bepridil + propranolol 7.25 + 2.15 (32) 

Placebo + propranolol 7.64 + 2.90 (18) 
Time to angina (min) 

Bepridil + propranolol 4.93 + 1.80 (32) 

Placebo + propranolol 5.10 + 2.40 (18) 
Time to 1-mm ST dep (min) 

Bepridil + propranolol 5.18 + 2.11 (32) 

Placebo + propranolol 5.36 + 2.72 (18) 
Total work (kpm/ 1,000) 

Bepridil + propranolol 2.73 + 1.30 (32) 

Placebo + propranolol 2.92 + 1.53 (17) 


* Final = 


and 2.37 attacks/week for placebo plus propranolol- 
treated patients (p = 0.02). Although the reduction in 
angina frequency was greater in bepridil plus pro- 
pranolol-treated patients, the difference between 
treatment groups was not statistically significant. 

Patients taking bepridil plus propranolol showed a 
statistically significant decrease from baseline levels (p 
= 0.01) in weekly nitroglycerin tablet consumption (an 
average of 2.30 tablets/week), whereas patients taking 
placebo plus propranolol showed no significant change; 
the change in the latter group was an average of 0.60 
tablets/week. 

Effects on exercise tolerance parameters (Table 
III, Fig. 4): There were no differences between treat- 
ment groups in average baseline exercise measurements. 
During 8 weeks of double-blind therapy, bepridil plus 
propranolol-treated patients improved their exercise 
time significantly more than did placebo plus pro- 
pranolol-treated patients (p = 0.01). This analysis was 
based on increases from baseline to final evaluation (the 
last evaluation for each patient, whenever it occurred 
during the double-blind phase). In addition, at the final 
evaluation, patients taking bepridil plus propranolol 
showed significantly greater improvement from baseline 
levels than did patients taking placebo plus propranolol 
in time to angina (р = 0.04) and total work (р = 0.03). 
For time to 1-mm ST-segment depression at the final 
evaluation, bepridil plus propranolol-treated patients 
had a greater improvement from baseline than did 
placebo plus propranolol-treated patients, but the dif- 
ference was not significant (p = 0.06). 

Effects on heart rate, blood pressure and rate- 
pressure product (Table IV): There were no signifi- 
cant effects of bepridil on heart rate at rest (maximum 
reduction of 2 beats/min) or with exercise and no effects 
on blood pressure at rest or with exercise. A slight re- 
duction in the resting rate-pressure product was seen 
with bepridil compared with baseline; no difference was 
seen at peak exercise. 
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Summary of Exercise Tolerance Test Performance During the 8- Week Double-Blind Phase 


Week 4 
Mean + SD (n) 


last evaluation for all patients whenever it occurred in the double-blind phase. 

t Statistically significant (p = 0.05) within-group improvement compared with baseline (t test). 
* Statistically significant (p <0.05) difference between groups (analysis of variance). 

Kpm = kilopondmeters; SD = standard deviation; ST dep = ST-segment depression. 

Note: Each patient received his usual dose of propranolol throughout the study. 


LEA 


Mean Changes from Baseline at: 


Final* 
Mean + SD (n) 


Week 8 
Mean + SD (n) 


0.971+ + 1.21 (30) 


0.67! + 1.32 (25) 1.0711 + 1.26 (23) 

0.53 + 1.05 (12) —0.03 + 1.39 (11) 0.02 + 1.32 (17) 
1.401 + 1.87 (25) 2.15tt + 1.78 (23) 2.01 + 1.80 (30) 
1.58! + 1.82 (12) 0.44 + 1.87 (11) 0.89 + 1.98(17) _ 

1.2411 + 2.09 (25) 1.3211 + 2.09 (23) 1.507 + 1.97 (30) _ 

0.10 + 1.67 (12) —0.26 + 2.12 (11) 0.34 + 2.11 (17) 
0.48! + 1.01 (25) 0.7411 + 0.84 (23) 0.65 + 0.81 (30) — 

0.32 + 0.69 (12) —0.09 + 1.07 (11) 0.07 + 1.05 (17) — 


Plasma drug levels: Blood specimens were obtained ч 
from 23 patients: 12 from the bepridil plus propranolol | 


treatment group and 11 from the placebo plus pro- 


pranolol treatment group. Plasma concentrations of | 


bepridil were in the range seen in studies in which pa- 
tients were receiving bepridil but not 6-blockers. In this | 
study, paired comparisons of propranolol concentra- 
tions during baseline and concomitant therapy periods - 
showed that neither bepridil nor placebo affected the 
B-blocker plasma concentrations (p 20.341). 

Effects on resting ECG (Table V) and Holter 
ECG: The QTc interval increased significantly from 
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baseline in patients taking bepridil plus propranolol as _ 


compared with those taking placebo plus propranolol | 
at week 6 (p = 0.003), week 8 (p = 0.001) and the final 
evaluation (p <0.001). No significant difference was 
observed in heart rate, PR interval or QRS interval 
between treatment groups. 


Patients were excluded from the study when VPCs я 
were >30/hour during baseline Holter electrocardio- | 
graphic monitoring. For most patients who were mon- - 
itored throughout the study (23 bepridil-treated and 12 _ 
placebo-treated patients), VPC frequency on Holter | 


ECG was low during placebo baseline and placebo 
treatment periods and during treatment with bepridil. 
When patients treated with placebo plus propranolol : 
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were compared with those treated with bepridil plus - 


propranolol, no difference was seen in VPC frequency. 


However, after bepridil was withdrawn during the | i 


washout phase there was a significant increase in mean - 


VPC frequency among patients who had received bep- _ 


ridil plus propranolol (p «0.05). No new serious ven- - 
tricular arrhythmias were observed during the study 
and there were no episodes of bradycardia, sinus arrest = 
or heart block. 

Washout phase: In the bepridil plus propranolol 
treatment group, all measured hemodynamic and ех- 
ercise parameters returned toward baseline levels | 
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during the final single-blind washout phase. At with- 3 
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E d 
б. TABLE IV Summary of Mean Heart Rate-Blood Pressure Product During the 8-Week 
E Double-Blind Phase and Washout Period 
Ё Rate-Pressure Product (Mean + SD) 
E RR 2 Eger DE a et 
Le Study Phase Group Before Exercise After Exercise 
D 
38 Double-blind Bepridil + propranolol 9.14 ± 2.06 12.87 + 3.11 
С baseline Placebo + propranolol 8.83 + 2.20 13.00 + 4.46 
ө Week 4 Bepridil + propranolol 8.76 + 1.80 11.90 + 3.24 
Placebo + propranolol 8.72 + 1.76 12.38 + 4.31 
۴ Week 8 Bepridil + propranolol 8.91” + 1.87 13.32 + 3.18 
Е Placebo + propranolol 8.97 + 1.84 11.26 + 2.08 
5 Washout Bepridil + propranolol 9.56 + 2.29 13.52 + 2.78 
Placebo + propranolol 8.69 + 1.97 12.91 + 3.67 


SD = standard deviation. 


* Statistically significant (p <0.05) change within group compared with baseline (t test). 


E Note: Each patient received his usual dose of propranolol throughout the study. 


TABLE V Resting Electrocardiographic Parameters During the 8-Week Double-Blind 
Phase: Changes from Baseline (Mean + SD) 


K 2 ———————————————————— — — € —— M dá 
| Bepridil + Propranolol (n = 34) Placebo + Propranolol (n = 19) 


Baseline 
Resting heart rate (beats/min) 62.7 + 8.9 
QTc (ms) 399 + 21 
PR (ms) 174 + 34 
QRS (ms) 80 + 14 


Final Baseline Final 
62.4 + 10.7 62.2 + 112 62.5 + 11.2 
439* + 39 409 + 32 419 + 30 

174 + 41 173 + 22 177 + 27 
77 X 14 81+ 8 78 + 15 


* Significant increase from baseline for bepridil + propranolol compared with placebo + propranolol 


(p <0.001). 
SD = standard deviation. 


_ drawal of bepridil there was no “overshoot” in heart rate 
_or blood pressure in any patient when compared with 
_the placebo baseline. No myocardial infarctions or un- 
stable anginal episodes occurred after withdrawal of 
_bepridil therapy during this washout period. 
_ Adverse effects (Table VI): The overall incidence 
_of adverse effects was higher among patients taking 
bepridil plus propranolol than among those taking 
placebo plus propranolol (р = 0.04); adverse effects in 
_the bepridil group were primarily gastrointestinal (di- 
 arrhea, dyspepsia, nausea and constipation) and central 
nervous system (dizziness, headache and tremor) in 
origin. There were no significant differences between 
study groups in any one of these individual adverse 
effects. 


Discussion 


Bepridil, a long-acting calcium-entry blocker, has 
been shown to be safe and effective monotherapy in the 
treatment of patients with angina pectoris.?-13 The 
precise mechanism of action of the drug is not totally 
understood. Available data suggest that combination 
-blocker plus calcium-channel blocker therapy may 
produce antianginal effects superior to those observed 
with either drug alone.2°23 Our study demonstrated 
that combination bepridil plus propranolol therapy in 
patients not maximally responding to propranolol alone 
is both safe and effective in reducing angina attacks and 
nitroglycerin consumption, while improving exercise 
tolerance. Although data are preliminary, bepridil does 


Note: Each patient received his usual dose of propranolol throughout the study. 


not appear to affect propranolol blood levels. Similarly, 
propranolol appears not to affect bepridil levels. 

One advantage of a 6-blocker plus calcium-blocker 
combination is that it might be possible to use smaller 
doses of both drugs than would ordinarily be necessary 
if each agent were used alone. As noted previously, 
maximal efficacy of bepridil as monotherapy in angina 
was achieved in dosages ranging from 300 to 400 mg/ 
day.!? In our study, bepridil at dosages ranging from 200 
to 300 mg/day was quite effective; indeed, many of our 
patients did well on 200 mg/day. Therefore, with com- 
bination therapy, smaller doses of bepridil appear to 
provide substantial improvement in anginal symptoms. 
However, at the maximum dose of bepridil (400 mg), no 
significant safety problems were encountered. 

In this study, adverse effects were more frequent in 
the bepridil plus propranolol group than in the group 
receiving propranolol alone. However, these reactions 
were mild and not life-threatening. The most common 
symptoms reported by patients taking bepridil were 
gastrointestinal. A prolongation of the electrocardio- 
graphic QTc interval was observed with bepridil. Al- 
though QTc prolongation may raise concern about ar- 
rhythmogenicity, no new serious arrhythmias were 
observed on Holter monitoring in this study, suggesting 
that Q'Tc prolongation is not sufficiently great to have 
clinical significance. However, it would appear prudent 
not to use bepridil in patients with preexisting prolon- 
gation of the QTc interval or in patients receiving other 
drugs likely to prolong the QTc interval. 
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TABLE VI Most Commonly Reported Adverse Effects 
During Bepridil + Propranolol Therapy 
Compared with Placebo + Propranolol** 

Bepridil + Placebo + 

Propranolol Propranolol 

(n = 37) (n = 19) 

96 96 
Headache 14 16 
Dizziness 22 11 
Tremor 5 0 
Dyspepsia 16 5 
Nausea 8 5 
Diarrhea 19 16 
Constipation 5 0 


* Adverse effects elicited during double-blind phase of the study. 
t There were no significant differences between groups in any of the 
specific adverse effects. 


In summary, this study shows that bepridil used once 
daily in combination with propranolol was more effec- 
tive than propranolol used alone in patients whose an- 
gina pectoris was not adequately controlled by the 
6-blocker alone. 
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Long-Term Efficacy of Bepridil in Patients 
with Chronic Stable Angina Pectoris: Results 
of a Multicenter, Placebo-Controlled Study 
of Extended Bepridil Use 


ROBERT DiBIANCO, MD, RICHARD J. KATZ, MD, ELLIOT CHESLER, MD, 
JOSEPH S. ALPERT, MD, and JAMES F. SPANN, MD 





To evaluate whether bepridil once a day provides 
effective antianginal therapy during extended use, 
a placebo-controlled withdrawal study was con- 


. ducted in 33 patients with chronic stable angina. 
. Each patient studied had previously had a favorable 


response to short-term administration of bepridil and 
had been taking the drug once daily for 29 months 


. of continuous use. Patients were then randomly 
. assigned to receive either continued bepridil or a 
_ placebo substitution once daily during a 4-week, 
_ double-blind, parallel-group comparison. Dosage for 


the bepridil group was constantly maintained for 
each patient at a level observed to be clinically ef- 
fective. The study consisted of a comparison of 


. angina frequency and nitroglycerin tablet con- 


sumption obtained from patient diaries and results 


from maximal-graded multistage treadmill tests. 
Patients randomized to continue receiving bepridil 
remained stable in terms of angina frequency and 
exercise performance. Discontinuation of long-term 
bepridil significantly increased angina frequency and 
nitroglycerin tablet consumption and reduced ex- 
ercise capacity. Four patients (2496), all receiving 
placebo treatment, had increases in angina fre- 
quency and had the study terminated. Bepridil was 
reinstituted in these patients with resolution of 
symptoms and no untoward effects. The results of 
this placebo-controlled, double-blind, randomized 
study confirm that bepridil continues to provide 
antianginal benefit during long-term administra- 
tion. 

(Am J Cardiol 1985;55:50C-54C) 





| Calcium-channel blockers represent a new addition to 


the medical treatment of patients with angina pecto- 


. ris.1-? These agents possess the common capability of 


inhibiting the cellular transmembrane influx of calcium 


_ by several mechanisms; they improve coronary blood 


flow, prevent coronary vasospasm, reduce peripheral 
vascular resistance and left ventricular afterload and 
may possibly protect myocardial cell integrity in the 
presence of ischemia.* This combination of effects is 
thought to be responsible for the clinical efficacy of the 
calcium-channel blockers in the treatment of both 
stable and vasospastic angina pectoris.° 
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The new calcium-channel blocking agent bepridil is 
similar in activity to the other calcium-channel blockers; 
however, it is distinguished by an unusually long plasma 
elimination half-life of 42 + 12 hours on repeat dosing 
in man. Bepridil prolongs the effective refractory pe- 
riods of the atria, atrioventricular node, His-Purkinje 
system and ventricles.^? Recent clinical trials in the 
United States demonstrate that bepridil given once 
daily in a range of 200 to 400 mg is effective in the 
treatment of stable angina pectoris.19-1? 

The present study evaluated the long-term efficacy 
of bepridil in patients with chronic stable angina pec- 
toris using a randomized, double-blind and placebo- 
controlled, parallel-group withdrawal design. 


Methods 


Patient selection: All patients studied were currently re- 
ceiving bepridil as part of a long-term, open, extended-use 
study in angina; they had to have been maintained on stable 
doses of bepridil administered once daily for 22 months. The 
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TABLE! Patient Profile 
Randomized Group 

Total Group  Bepridil Placebo 
Patients (n) 33 16 17 
Sex (M/F) 31/2 15/1 16/1 
Age (mean years) 57 58 57 
Weight (mean kg) 192 198 187 
Height (mean inches) 68 68.4 68.1 
Dose at entry (mean mg) 318 320 316 
Days of previous bepridil therapy 448 438 459 

(mean) 

Angina attacks/week (mean) 0.6 0.3 0.8 
Nitroglycerin tablets/week (mean) 0.5 0.1 0.8 


primary diagnosis of each patient was chronic, stable, effort- 
induced angina, and each patient had to have demonstrated 
a favorable response to bepridil on previous short-term ad- 
ministration.!° To qualify for this previously reported 
short-term study, patients were required to have: (1) a pattern 
of angina frequency with a relatively stable angina attack rate 
of >3/week; (2) a treadmill exercise test that produced mod- 
erately severe angina associated with 21 mm of flat or 
downward displacement of the ST segment (0.08 second after 
the J point); and (3) corroboration of coronary disease con- 
sisting of angiographically confirmed coronary artery disease 
(>50% reduction in diameter of 21 major coronary artery) or 
myocardial infarction occurring 26 months before study en- 
rollment. Entry into this withdrawal trial required that since 
completion of the short-term study, patients had continuously 
received a stable dose of bepridil and had evidenced no serious 
adverse effects. 

Patients were permitted to continue concomitant medica- 
tions and sublingual nitroglycerin, 0.4 mg, to abort anginal 
attacks. Digitalis, 9-adrenergic blocking agents, long-acting 
nitrates, other calcium-channel blocking agents and seda- 
tive-hypnotic drugs were not allowed. The study protocol was 
approved by the respective institutional review committees 
of the 5 participating centers, and all patients gave written 
informed consent. 

Study design (Fig. 1): The study began with performance 
of a maximal (symptom-limited) exercise test and randomi- 
zation to either bepridil (continued at the previously estab- 
lished dose) or placebo, each administered once daily. Ran- 
domization was accomplished through a computerized 
schedule. Study medications (prepackaged pharmaceuticals 
that were “blinded” to patient and investigator) consisted of 
identical capsules, each containing either 100 mg of active drug 
or placebo. Patients were instructed to take at 1 time the 
number of capsules they had previously been taking. 

Evaluation of efficacy: Subjective assessments: Patients 
were required to maintain daily diaries to record the number 
of angina attacks experienced, the number of nitroglycerin 
tablets taken and any adverse effects experienced. These data 
were evaluated at weeks 2 and 4. 

Objective assessments: Exercise tolerance tests were per- 
formed before randomization and at week 4, according to a 
modified Bruce protocol.}°!% Tests were performed at ap- 
proximately the same time of day in the postabsorptive state 
and before administration of any study drug on the day of 
testing. Heart rate, blood pressure and ST-segment dis- 
placement were recorded before exercise, at each stage of ex- 
ercise peak and after exercise. Also recorded were time to 1- 
and 2-mm ST-segment depression, time to onset and mod- 
erate angina, total exercise time and work, reason for stopping 
exercise and any pertinent electrocardiographic changes. 
Immediately and at 1, 3, 5 and 8 minutes after exercise, heart 
rate, blood pressure and ST-segment displacement were 
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TABLE П Number of Days on Bepridil Before the Study —_ 


Treatment Group 

Days (n) Bepridil Placebo Total 
279-359 5 4 9 
360-449 3 5 8 
450-539 4 3 7 
540-629 4 4 8 
630-666 0 1 1 
Total 16 17 33 
Mean (days) 438 459 448 


measured. The rate-pressure product was calculated from the - 


formula: heart rate X systolic blood pressure/1,000. 


Evaluation of safety: A complete standard clinical labo- · 
ratory profile was performed before and at the end of the — 


double-blind phase. Vital signs and resting electrocardiograms 


(ECGs) were taken at each visit. Adverse reactions reported _ 
in patient diaries were recorded and evaluated at each visit. - 
Statistical methods: Between-treatment comparisons of — 


continuous patient variables and continuous efficacy and 


safety parameters were made by 2-way analysis of variance - | 
(ANOVA). For these efficacy and safety parameters, both the 


initial scores and the difference scores (initial visit minus each 


subsequent visit) were analyzed. Between-treatment com- — 
parisons of discrete patient variables and adverse reaction _ 
data were carried out using Fisher’s exact test. All within- — 





treatment comparisons were performed by paired t tests 


comparing the initial values with those of each subsequent 


visit. 


Between-treatment comparisons of efficacy were 1-sided, and 


within-treatment comparisons were 2-sided; between- and _ 


within-treatment comparisons of safety were 2-sided. 


Results 


Patients: Thirty-three patients (31 men and 2. 
women) with a mean age of 57 years (range 42 to 75) - 


entered the study (Table I). There were no significant 
(р 20.15) differences in demographic characteristics 
between the 2 groups. They had been taking bepridil an 
average of 15 months (range 9 to 22) (Table IT). 

Of the 33 patients, 17 were assigned to placebo and 


16 to bepridil. All patients took the same number of | 


capsules as they had taken before randomization in the 
open study. Bepridil was administered once daily; the 
mean dose was 320 mg. 
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FIGURE 1. Study design. 


Statistical significance was defined as p <0.05; p values 7 
between 0.06 and 0.10 were considered marginally significant. _ 
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Effects on frequency of angina attacks: Patients 
taking placebo had a significant increase in the number 
of angina attacks per week, from <1/week to 6.5/week 
at week 2 (p = 0.005); those in the bepridil group had a 
very slight increase from <1/week to slightly >1/week. 
The difference between groups was significant (p = 
0.004). At week 4, the placebo group had 4.7 attacks/ 
week, the bepridil group 1.1/week; the difference be- 
tween groups was significant at р = 0.04 (Table III). 
Four patients had intolerable increases in angina fre- 
quency and discontinued the study at 3, 8, 16 and 20 
days during the double-blind phase; each of these pa- 
tients was receiving placebo during this event. Another 
patient receiving placebo had 66 angina attacks/week 
and took 87 nitroglycerin tablets. Data from this patient 
were excluded from analysis of these 2 parameters but 
were included in all other analyses. 

Effects on nitroglycerin consumption: At week 2, 
the number of nitroglycerin tablets used by patients in 
the placebo group had increased significantly, from 
<1/week to almost 6/week (p = 0.009). In the group that 
continued to receive bepridil there was also an increase 
in nitroglycerin tablet consumption, from <1/week to 


<2/week (p = 0.02). The difference between groups at, 


week 2 was significant (p = 0.03). At week 4, nitroglyc- 
erin tablet consumption increased from 1/week to al- 
most 3/week (p = 0.04) in the placebo group and from 
0.2/week to 1.7/week in the bepridil group (Table IIT). 
Effects on exercise tolerance (Fig. 2, Table III): 
Randomization failed to produce ideally matched 
groups with respect to exercise capacity. Patients ran- 
domized to placebo were less limited than those in the 
bepridil group. Before double-blind treatment patients 
in the placebo group had significantly longer exercise 
times before the appearance of angina compared with 
patients continued on bepridil (p = 0.02); time to 1-mm 
ST-segment depression (p = 0.06), total exercise time 
(p = 0.08) and total work (p = 0.09) were also longer. 
Despite the significantly greater exercise capacity of 
the placebo-treated group compared with the bepri- 
dil-treated group before randomization, each of these 
values was reversed at the second and fourth weeks after 
randomization, indicating an important loss of anti- 
anginal efficacy during placebo treatment. The exercise 
times to angina and 1-mm ST-segment depression, as 
well as total exercise time and total work, decreased 
significantly in the placebo-treated group compared 
with the bepridil-treated group (p 0.007). Values for 
the placebo-treated group decreased significantly from 
prerandomization values (p «0.001), whereas values for 
the bepridil-treated group did not change (p 20.30). 
'The post-test rate-pressure product at peak exercise 
decreased from prerandomization to the end of therapy 
in the group that received bepridil. In contrast, the 
group that received placebo demonstrated an increase 
in rate-pressure product. Although changes within each 
group were not statistically significant, there was a 
significant difference between groups (p = 0.04). 
Effects on resting electrocardiographic param- 
eters (Table IIT): Patients discontinuing bepridil had 
small increases in resting heart rate and moderate de- 
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creases in the QTc interval. All of these changes were { 
statistically significant (p <0.03). Small increases in · 
heart rate and small decreases in QTc interval occurred _ 
in the group continuing to receive bepridil, but they { 
were not statistically significant (р >0.07). 

Safety analyses: In this population previously 
maintained on bepridil treatment for control of angina 
symptoms, there were no important adverse reactions - 
during the 4 weeks of observation. The introduction of — 
placebo was not associated with a substantial decrease 
in the adverse effects that had been previously observed : 
with bepridil therapy. No gastrointestinal adverse ef- _ 
fects were reported by patients continuing to receive - 
bepridil; however, 24% of the placebo group reported . : 
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nausea, gastrointestinal distress or flatulence. Central © 
nervous system symptoms such as dizziness were re- _ 
ported with equal frequency in the bepridil and placebo _ 
groups. Ў 





Discussion *4 

Angina pectoris is a chronic disease, and many pa- _ 
tients are subjected to protracted courses of medical . 
treatment. A once-a-day dose regimen could be anim- . 
portant advantage for compliance and ultimately for — 
efficacy in long-term therapy. Results of recent con- — 
trolled trials in the United States indicate that once- _ 
daily doses of bepridil ranging from 200 to 400 mg are 
safe and effective in the treatment of chronic stable _ 
angina. ; 


Time to Onset of Angina (Minutes) Total Exercise Time (Minutes) j 


Bepridil 
Bepridil 
P = 0.30 





Time to 4 mm ST Depression (Minutes) Total Work (Kpm/1,000) 
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FIGURE 2. Exercise test parameters. Time to onset of angina, total 
exercise time, time to 1-mm ST-segment depression and total work _ 
during exercise stress testing remained the same for bepridil-treated _ 
patients, but these values decreased significantly (p <0.001) in patients _ 
taking placebo. The difference between treatment groups was also - 
significant (p 0.007). " 
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Most studies of bepridil have been short-term eval- 


` uations (up to 3 months),914-17 and a review of the 
_ published reports on calcium-channel blockers pro- 


duced little information on efficacy beyond 3 months 
for most of the other agents. Even less information is 
available on the effects of withdrawal from long-term 
treatment (>1 year). Weiner et al!? reported on the 
withdrawal of verapamil from 10 patients after 1 year 


_ of open therapy. As with our study, the open trial was 


_ preceded by a short-term, double-blind, placebo-con- 


trolled study. A crossover design was used in the with- 


drawal phase, and patients showed evidence of deteri- 
oration in both objective and subjective efficacy 
parameters when active drug was withdrawn. 

In this withdrawal study, 33 patients were selected 


y from a fairly large clinical evaluation of bepridil; all were 


LST ES 


. receiving bepridil once daily. These patients had been 
maintained on stable doses of bepridil from 9 to 22 
months; 320 mg was the average dose at entry into this 


` study. Unlike the verapamil withdrawal study, this 4- 
` week study was of parallel design. Patients were ran- 


domly assigned to receive placebo for the purpose of 
active drug withdrawal or to continue on bepridil at the 
established maintenance dose. The discontinuation of 
bepridil therapy in the placebo group resulted in a sig- 


. nificant deterioration in exercise performance and a 


significant increase in the frequency of angina attacks 
and the use of nitroglycerin. This short-term “inter- 
rupted therapy" study demonstrated that long-term 


treatment with bepridil is an effective antianginal 
- therapy that provided patients with significant benefits 
compared with placebo even after therapy had been 


continued for >1 year. 
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Hemodynamic Actions of Bepridil During Treatment 
of Stable Angina Pectoris 


KENNETH A. NARAHARA, MD, WILLIAM SHAPIRO, MD, IRVING WELIKY, PhD, 
and JANET PARK 





Bepridil, a new calcium-entry blocker, was evalu- 
ated in 13 patients with chronic stable angina in a 
single-blind trial that was placebo controlled within 
patients. Its antianginal effects were recorded and 
left ventricular (LV) function was assessed at rest 
and during exercise by gated blood pool scintigra- 
phy. Mean anginal frequency was significantly re- 
duced from 7.3 to 3.4 episodes/week (p <0.01). 
Total work performed increased from 336 to 625 
kpm (p <0.01). Supine resting LV end-diastolic 
volume index, end-systolic volume index, stroke 
volume index, cardiac index and ejection fraction 
(EF) were not altered by bepridil. During supine 
exercise, the EF decreased from 60 to 55 during 


Bepridil (6-[(2-methylpropoxy)methyl]-N-phenyl-N- 
(phenylmethyl)-1-pyrrolidineethanamine monohy- 
drochloride monohydrate) is a new calcium-entry 
blocker with cardiovascular activity. Intravenous ad- 
ministration of bepridil in dogs decreases coronary 
vascular resistance and increases coronary blood flow. 
А modest dose-dependent bradycardia and a concom- 
itant reduction in arterial blood pressure were also ob- 
served in this species. In vivo testing in animals indi- 
cates that the agent may improve blood flow to acutely 
ischemic myocardium.? 

Bepridil, which has been studied in patients with 
chronic stable angina pectoris in single-4 5 and dou- 
ble-blind’ studies, was efficacious in angina caused by 
fixed coronary artery disease (CAD). Marked reductions 
in the frequency of angina were noted in >80% of pa- 
tients treated.^ Nitroglycerin consumption was reduced 
>50%.°% In this investigation a noninvasive evaluation 
of left ventricular (LV) function during rest and exercise 
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placebo therapy. Despite an increase in total work, 
the mean EF increased from 60 to 62 (p «0.05 
versus exercise on placebo) during exercise with 


bepridil therapy. Maximal exercise stroke volume · 


index and cardiac index were significantly greater 
during bepridil therapy. Exercise resulted in new or 
increased LV wall motion abnormalities in 7 of 13 
patients during placebo therapy. During bepridil 
therapy, only 4 new or increased wall motion ab- 


normalities were noted despite the increase in total — 
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work performed. Therefore, bepridil is an effective _ 


antianginal agent, allowing an increase in exercise 
workload while preserving LV performance. 


(Am J Cardiol 1985;55:55C-58C) _ 


was performed to examine the hemodynamic effects of — 


bepridil in patients with angina pectoris. 


Methods 


Thirteen patients aged 43 to 66 years (mean 56) were 
studied. All had a primary diagnosis of CAD and all had stable, 
moderately severe angina pectoris. Entry criteria included 
typical effort-induced angina pectoris relieved by nitroglycerin 
and rest. A minimum rate of 5 episodes of typical angina/week 
under conditions of ordinary living and a stable pattern of 
angina pectoris were required. Patients in whom angina could 


not be controlled with sublingual nitroglycerin alone were _ 
excluded. The resting electrocardiograms (ECGs) in these 
patients were either normal or of such a pattern as not to in- - 
terfere with the interpretation of ST-segment changes during. 


episodes of angina. 
The diagnosis of CAD was confirmed by coronary arteri- 


ography, documented myocardial infarction occurring >6 — 


months before enrollment or positive ECG stress test results 


in conjunction with either an abnormal response to exercise _ 


ventriculography or a positive stress thallium-201 study. 


Patients with any serious concomitant illness were ex- . 


cluded. 
Study design: After an entry interview, physical exami- 
nation and routine laboratory tests, patients were entered into 


a 4-week, single-blind, placebo run-in period, followed by a _ 
6-week, single-blind, dose-titration period. Patients then . 
entered a final single-blind, placebo-washout period of 2 weeks 
(Fig. 1). During single-blind titration, patients were begun on _ 
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` 50-те bepridil tablets administered 3 times a day. The dosage 
` was increased to 100 mg 3 times daily after 2 weeks and to 150 
~ mg 3 times daily for the remaining 2 weeks. Both placebo and 
— active drug were administered in identical tablets. Adherence 


. to the dosage schedule was ensured by careful pill counts at 
each patient visit. The patients continued to take nitroglycerin 
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at will for pain during both the placebo and single-blind 
bepridil treatment phases. Patients were encouraged to 
maintain their usual activity levels. 

Upright bicycle exercise: All 13 patients underwent 


multistage exercise using a Monark bicycle ergometer as 
previously described® to establish eligibility. All patients had 
angina and reproducible ST-segment depression during ex- 
` ercise in the initial placebo phase of the study. Leg exercise 


was begun at a workload of 150 kilopondmeters (kpm) for 3 


minutes and was increased by increments of 150 kpm every 
3 minutes until the patient's endpoint was reached. Endpoints 


in the exercise test included typical angina pectoris, dyspnea 


. or fatigue. 


Total work was computed by adding work in kilopond- 
meters from all levels of exercise accomplished on each stress 


` test during each phase of this study. When a 3-minute work 


period was not completed, the work performed was calculated 


` by dividing the workload by the actual exercise duration; for 
example, 300 kpm for 1 minute yields work = 800/8 = 100 


kpm/min. 

А Frank lead system was used to monitor the ST-segment 
response. À significant response was considered to be 21mm 
of horizontal or downsloping ST-segment depression occur- 


` ring >80 millisecond after the J point. 


Radionuclide ventriculography: Radionuclide studies 


` were performed using in vivo labeled red blood cells as pre- 
` viously described.!? Unlabeled stannous pyrophosphate 
` (Phosphotel$, Squibb) was administered intravenously. 

` Thirty minutes later, 25 mCi of technetium-99m sodium 


pertechnetate was administered. Data were collected with a 
mobile gamma camera (Ohio Nuclear, Sigma 420) equipped 
with a high-resolution, parallel-hole collimator interfaced to 


а dedicated computer system (Ohio Nuclear, VIP 450). The 
- cardiac cycle was divided into 32 equal segments, and ap- 
` proximately 200,000 counts/frame were collected. The LV 
` ejection fraction (EF) was determined after background 


subtraction of the left anterior oblique image. LV volume 
indexes were determined by the technique of Dehmer et al!! 
with slight modifications. LV isotope activity was related to 
activity/milliliter of peripheral venous blood and converted 


{0 volume by a regression equation. 


Radionuclide ventriculography in this laboratory has been 


_ compared with contrast ventriculography using the single- 


_ plane Kennedy regression equation.!? In a separate study of 


` 24 patients, the correlation coefficient for EF when comparing 


contrast and radionuclide left ventriculography was 0.95 
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` (standard error of the estimate [SEE] = 2.7 EF percentage 
- points). The correlation coefficient for LV volume between 
. contrast angiography and radionuclide ventriculography was 
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. FIGURE 1. Study design. See text for details. GBP ETT — supine gated 


blood pool exercise tolerance test; tid — 3 times daily. espe with 


permission from Am J Cardiol. d 
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0.94 (SEE = 16.3 ml) over a volume range of 20 to 378 ml. The 
reproducibility of radionuclide LV EF and volume in the same 
patient was determined by comparing 2 separate studies 
performed on the same day. The SEE for repeated EF deter- 
minations was 2.1 EF units and for estimated LV end-systolic 
and end-diastolic volumes, 11.5 ml. 

Wall motion was defined as normal or abnormal (hypoki- 
netic, akinetic or dyskinetic). An exercise-induced wall-motion 
abnormality was defined as a new abnormality or an increase 
in size or severity of a resting abnormality. Supine bicycle 
exercise was performed using a protocol similar to the upright 
bicycle protocol. Data were analyzed by an observer unaware 
of the patient’s treatment status. Exercise scintigraphy was 
performed after 4 weeks of placebo therapy, after 6 weeks of 
therapy with bepridil and after 2 weeks of placebo washout. 

Statistical methods: Analysis of the radionuclide ven- 
triculographic studies was performed with a repeated-mea- 
sures analysis of variance. Heart rate, systolic blood pressure, 
volume indexes and EF at rest and during exercise were 
evaluated to determine whether there was a statistically sig- 
nificant variation among the 3 periods studied. Pairwise 
comparisons of the treatment periods were then performed 
using the Newman-Keuls multiple comparison procedures.!? 
A p value of <0.05 was considered significant. All other clinical 
and exercise data were compared using Student’s paired t test. 
Values are mean + standard error of the mean. 


Results 


Episodes of angina and nitroglycerin consump- 
tion: The average number of angina attacks during 
control placebo therapy was 7.3 + 1.5 episodes/week. 
During bepridil therapy, the frequency of angina de- 
creased. After 6 weeks of therapy with bepridil, the 
frequency of angina had decreased to 3.4 + 1.7 epi- 
sodes/week (p <0.01 versus control). After 2 weeks of 
subsequent placebo therapy in the washout phase of the 
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FIGURE 2. Effect of bepridil on exercise left ventriculography. The mean 
resting ejection fraction (EF) at rest is unchanged by bepridil therapy 
(60 + 1.7 and 60 + 1.7, placebo and bepridil, respectively). During 
maximal exercise, the EF increased slightly to 62 + 2.2 with bepridil 
therapy despite a higher total workload and was greater (p <0.05) than 
the value of 55 + 1.9 seen during placebo therapy. SEM = standard 
error of the mean. Adapted with permission from Am J Cardiol. жо 
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Radionuclide Angiography * 


Exercise time (min) 
Total exercise workload 


Control Placebo 


(n = 13) 


5.6 + 0.51 
336 + 51 


Rest and Exercise Hemodynamics in Patients Studied with Supine 





(kpm) 
Systolic blood pressure 
(mm Hg) 
Rest 135 
Exercise 164 
Heart rate 
Rest 64 
Exercise 94 
End-diastolic volume index 
(ті/т2) 
Rest 73 
Exercise 80 
End-systolic volume index 
(ml/m?) 
Rest 3 
Exercise 3 
Stroke volume index 
(ml/m?/beat) 
Rest 41 + 3.0 
Ехегсіѕе 41+ 2.7 
Сагаіас іпаех 
(liters/m?/min) 
Rest 2 
Exercise 3 
Ejection fraction 
Rest 6 
Exercise 5 


* Reprinted with permission from Am J Cardiol.® 
Т p value of variable compared with control placebo value. 


tł p «0.05 versus value at rest. 
NS = not significant. 


study, the anginal frequency had increased to 4.0 + 1.8 
attacks/week. The frequency of angina in the washout 
period, while higher than that during maximal dose 
bepridil therapy, remained significantly less than that 
during the initial placebo period (p «0.05 versus control 
placebo). 

Nitroglycerin consumption was 2.8 + 0.89 tablets/ 
week during the control placebo phase and decreased 
to 1.2 + 0.93 after 6 weeks of bepridil therapy (p «0.01). 
Two weeks after resuming placebo therapy, nitroglyc- 
erin consumption was 2.5 + 1.7, a value that was not 
significantly different from that in the control period. 

Results of radionuclide ventriculography: Supine 
heart rate and blood pressure levels did not differ be- 
tween placebo and bepridil therapy (‘Table I). The total 
workload for the 13 patients who entered the radionu- 
clide studies was 336 + 51 kpm during placebo therapy. 
Bepridil treatment increased the total workload to 625 
+ 115 kpm (p «0.01) in this subgroup. When the same 
exercise workloads during placebo and bepridil treat- 
ments were compared during the study, heart rate and 
systolic blood pressure were lower during bepridil usage. 
Heart rate was reduced from 94 + 3.7 to 83 + 3.6 (p 
<0.05), and systolic blood pressure from 164 + 5.3 to 154 
+ 3.6 (p = not significant [NS]). 

All patients experienced angina as an exercise end- 
point during placebo therapy. After treatment with 
bepridil, 6 of 13 experienced angina, 1 stopped because 
of dyspnea and 6 terminated exercise because of fatigue. 


` The exercise EF was less than the resting value in 2 
= patients with angina, 1 patient with dyspnea and 3 pa- _ 


Bepridil Placebo Washout 
(n — 13) р! (n = 11) p! 
7.5 + 0.57 0.05 6.3 + 0.50 NS 
625 + 115 0.01 413 + 54 NS 
133 € 3.1 NS 133 + 2.5 NS 
174 + 6.3! NS 172 + 3.1* NS 
60 + 3.5 NS 61+ 3.7 NS 
93 + 4.21 NS 9143.51 NS 
74+ 4.7 NS 76 + 5.0 NS 
85 + 5.2 NS 86 + 6.3 NS 
32 + 2.9 NS 32 + 2.7 NS 
35 + 3.4 NS 41+ 4.0 NS 
42 t 2.3 NS 44+ 3.0 NS 
50 + 2.91 0.05 45 + 3.5 NS 
2.5 3- 0.1 NS 2.6 ± 0.2 NS 
4.7 + 0.3 0.05 4.11 0.2 NS 
60 + 1.7 NS 60 + 1.9 NS 
62 + 2.2 0.05 55 + 2.21 NS 


tients with CAD during placebo therapy. With bepridil | 





tients with fatigue as an endpoint during the increased - s 
exercise workload while receiving the active drug. | 
End-diastolic volume index was unchanged at rest _ 
and exercise during placebo treatment and bepridil 3 

therapy (Table I). End-systolic volume index at rest was 
also unchanged, it being 32 + 3.3 and 32 + 2.9 ml/m? for j 
placebo and bepridil, respectively. End-systolic volume 
index at maximal exercise increased to 39.0 + 4.3 ml/m? _ 
during placebo administration (p <0.05 versus rest on — 
placebo). With bepridil therapy, end-systolic volume 3 
index was unchanged during exercise (35 + 3.4 ml/m?, ^ 
p = NS versus rest on bepridil). d 

Stroke volume index at rest was similar during both · 
treatment phases (41 + 3.0 and 42 + 2.3 ml/m? for pla- | 
cebo and bepridil, respectively). However, during 
maximal exercise, stroke volume index during placebo 
therapy did not change (41 + 2.7 ml/m?), whereas bep- — 
ridil therapy caused a significant increase to 50 + 2.9 — 
ml/m? (p «0.05). Cardiac index, estimated from the - 
radionuclide stroke volume and heart rate, averáged 20 | 
+ 0.1 liters/min/m? at rest during placebo treatment — 
and 2.5 + 0.1 liters/min/m? during bepridil therapy. a 
Maximal exercise resulted in a cardiac index of 3.9 + 0.3 — 
liters/min/m? with placebo therapy, and during bepridil Я 
therapy, exercise increased cardiac index to 4.7 + 0.3 — 
liters/min/m? (p <0.05 versus exercise placebo _ 
value). 

The EF at rest was 60 + 1.7% for placebo and рерпадаи E 
therapy (Fig. 2). Not unexpectedly, the mean EF de- _ 
creased (—5) to 55 + 1.9% during exercise in these pa- н 
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ait the EF actually increased (+2) to 62 + 2.2% 
_ (p <0.05 versus exercise placebo value) during maximal 
. exercise despite the increase in total work performed. 
- Wall-motion abnormalities at rest were noted in 4 of the 
- 13 patients during placebo therapy. During maximal 
exercise, 7 had wall-motion abnormalities, 5 of which 
. were new or increased and occurred during pain. During 
b  bepridil therapy, 3 wall-motion abnormalities were 
- noted at rest and only 4 were present during the new 
ы higher maximal exercise workload. Only 2 stress ab- 
р normalities were new or increased and they were asso- 
` ciated with dyspnea in 1 patient and fatigue in an- 
3 other. 
. A. Eleven of the 13 patients underwent repeat rest and 
exercise radionuclide angiography after 2 weeks in the 
` placebo washout period of the study. There were no 
- significant differences in any rest or exercise variables 
= when compared with control placebo values (Table I). 
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Discussion 


The results of this study indicate that bepridil is an 
effective antianginal agent. Patients reported a reduc- 
tion in the frequency of angina and a reduction in ni- 
_ troglycerin consumption. There was an increase in ex- 
. ercise duration as well as in total work performed during 
| therapy with active drug. 
3 _ Although this study was single blind, results of ra- 
- dionuclide ventriculography suggest that an objective 
_ physiologic basis exists for the patients’ improvement 
_ in symptoms. Angina and a decrease in or a failure to 
. increase the EF during maximal exercise with placebo 
Е therapy were noted in all 13 patients. After 6 weeks of 
_ bepridil therapy, there was a decrease in the exercise EF 
y in only 6 of the 13 patients and an increase in 7. Al- 
Р though 4 of the patients with an increase in exercise EF 
stil had angina as an endpoint, 3 now experienced fa- 
_ tigue with maximal exertion. New wall-motion abnor- 
 malities were induced by exercise in 7 of 13 patients 
` during placebo therapy. During treatment with bepridil, 
only 4 patients demonstrated an exercise-induced 
- wall-motion abnormality despite the higher workload 
achieved during active drug therapy. Improvements in 
| exercise EF and wall motion have been reported after 
_ the administration of propranolol and verapamil in 
` patients with CAD.!4-16 However, these improvements 
` were noted when identical workloads were compared. 
. . Unlike therapy with propranolol, the resting heart 
- rate and systolic blood pressure were not significantly 
Ke . altered during therapy with this agent. Exercise to the 
` вате workload level was associated with a decrease in 
heart rate and systolic blood pressure during bepridil 
1 _ therapy. Therefore, some of the drug’ s antianginal ef- 
` fects may be related to a decrease in double product at 
- what could now be termed a submaximal workload. 
- However, heart rates during maximal supine exercise 
were not reduced significantly during active drug 
_ therapy, and systolic blood pressure was unchanged. 
` Therefore, bepridil apparently exerts some of its anti- 
` anginal effects through mechanisms that do not alter 
2 of the major determinants of myocardial oxygen de- 
mand during maximal exercise. 
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Angina was a limiting symptom in only 6 of 13 pa- 
tients during exercise while taking the active drug. 
Therefore, the improvement in EF and wall motion 
would be consistent with the hypothesis that bepridil 
exerts its effects in part by improving coronary blood 
flow or favorably altering its distribution. Further, the 
improved exercise wall motion suggests that previously 
ischemic myocardium may be better perfused during 
maximal exercise, an effect noted in experimental ani- 
mals.? An alternative or additional mechanism of action 
of this drug may be a reduction in systemic vascular 
resistance. The radionuclide determination of cardiac 
output is subject to many potential methodologic er- 
rors;!7 however, our data suggest that the drug may have 
an afterload-reducing effect, because cardiac index in- 
creased substantially with maximal exercise, whereas 
maximal blood pressure was unchanged. 
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Electrophysiologic and Antiarrhythmic Properties of Bepridil 


ERIC N. PRYSTOWSKY, MD 


Bepridil has been shown to block both slow- and 
fast-channel activity in the heart. Electrophysiologic 
studies in man demonstrate that oral and intrave- 
nous bepridil prolongs sinus cycle length, PR interval 
and QT interval, without apparently changing the 
QRS interval. In addition, the drug depresses atrio- 
ventricular (AV) nodal conduction, resulting in an 
increased AH interval. Refractoriness in the AV 
node, atrium and ventricle is increased. There is 
usually little or no change in the HV interval. The 
antiarrhythmic properties of bepridil have been 
noted in patients with supraventricular tachycardia, 
ventricular premature complexes (VPCs) and sus- 
tained ventricular tachycardia (VT). In 17 patients, 
intravenous bepridil was compared with either 
verapamil or ajmaline. AV nodal reentrant tachy- 


Bepridil, an agent under investigation with proven ef- 
ficacy in the treatment of patients with angina pectoris, 
exerts depressant effects on both the slow and fast in- 
ward currents of the Һеагі.!? The antiarrhythmic effi- 
cacy of bepridil has been demonstrated in experimental 
models,?-? and a salutary effect on both supraventric- 
ular and ventricular arrhythmias has also been shown 
in recent clinical data.9-1? Current understanding of the 
electrophysiologic and antiarrhythmic properties of 
bepridil in human subjects is reviewed herein. 


Electrophysiologic Actions 


Duchene-Marullaz et al!? studied the electrocardio- 
graphic effects of oral bepridil, 200 to 600 mg/day, in 7 
normal healthy volunteers. The spontaneous cycle 
length was prolonged with each dosage level of bepridil, 
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cardia was terminated in all patients with bepridil 
and verapamil. However, ajmaline was somewhat 


more effective than bepridil in patients with AV _ 


reentry (8 of 8 versus 5 of 8). In 12 of these 17 pa- 
tients, oral bepridil (500 mg/day for 3 days) sup- 
pressed the induction of tachycardia or slowed its 
rate. In 3 studies of oral bepridil for VPCs, the drug 


was effective in 68%, 69% and 70% of patients. _ 
Another group of studies evaluated bepridil in a total — 


of 30 patients with sustained VT. Intravenous bepridil 


terminated VT іп 17 of 26 patients. The induction of . 
VT by programmed ventricular stimulation was also _ 
prevented in 7 of 17 patients. Although torsade de . 
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pointes has been reported, its incidence appears to 


be low. 
(Am J Cardiol 1985;55:59C-62C) 


and at 600 mg/day it increased from 866 + 30 to 995 + 


45 milliseconds (p <0.001). None of these dosages of 


bepridil caused a significant effect on the PR or QRS | 


interval. The corrected QT interval (QTc)!4 lengthened 
minimally at a dosage of 200 mg/day, but it was pro- 
longed from 410 + 10 to 470 + 20 milliseconds (p 
<0.001) at 600 mg/day. In some patients a double-hump 
distortion of the T wave also developed. 

Flammang et al!? performed electrophysiologic 
studies in 20 patients before and during the adminis- 
tration of 2 mg/kg of intravenous bepridil. The following 
changes were noted: a slowing of the heart rate and 
prolongation of the PR interval; an increase in the AH 
interval from 87 + 31 to 95 + 33 milliseconds (p = 0.01); 
a decrease in the atrial pacing rate, producing Wenck- 
ebach block from 158 + 29 to 133 + 29 milliseconds (p 
« 0.01); an increase in the atrioventricular (AV) nodal 
effective refractory period from 343 + 106 to 423 + 110 
milliseconds (p «0.01); and an increase in both the atrial 
effective refractory period from 261 + 51 to 308 + 55 
milliseconds (p «0.001), and the ventricular effective 
refractory period from 268 + 28 to 292 + 37 milliseconds 
(p «0.01). There was no change in the QRS interval, 
but the HV interval was minimally increased from 
46 + 15 to 48 + 15 milliseconds (p = 0.05). However, 
changes in the HV interval were not observed by other 
investigators.19.17 
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. Spontaneous cycle length 
. PR interval 


. QT interval 

. AH interval 

. 1:11 atrioventricular (AV) nodal conduction 

_ HV interval 

` Right atrial effective refractory period 

` AV nodal effective refractory period 

. Right ventricular effective refractory period 

.. Accessory pathway effective refractory period 
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TABLE! Electrophysiologic Effects of Bepridil in Man 


QRS interval 


Ponsonnaille et al!6 studied the electrophysiologic 


effects of 2 to 3 mg/kg of intravenous bepridil in 25 pa- 
- tients. Significant increases occurred in the spontaneous 
` cycle length, AH interval and refractoriness of the AV 


= 


. node, right atrium and right ventricle. Further, during 
bepridil therapy the pacing cycle length necessary to 


. produce anterograde and retrograde Wenckebach block 
` was significantly prolonged. Valere et al!” evaluated the 
` effects of 2 to 3 mg/kg of intravenous bepridil in 22 pa- 
` tients undergoing electrophysiologic study. In general, 
their results mirrored those reported by the other 
_ investigators.1?.16 


In summary, bepridil modifies the electrophysiologic 


` properties of both slow- and fast-channel-dependent 


tissue in the human heart (Table I). These effects in- 


` clude slowing of the sinus rate and prolongation of the 
- PR and QT interval, without apparent change in the 


QRS interval. Electrophysiologic studies also demon- 


` strate slowing of conduction and increase іп refracto- 
_ riness in the AV node, as well as an increase in the right 
. atrial and right ventricular effective refractory periods. 
` The HV interval is only minimally affected. 


Antiarrhythmic Properties 
Supraventricular tachycardia: The effects of in- 


` travenous bepridil (2 mg/kg) were compared with those 


of verapamil (0.15 mg/kg) in 9 patients with AV nodal 
reentrant tachycardia, and with the effects of ajmaline 


_ (0.75 mg/kg) in 8 patients with AV reentrant tachy- 
` cardia (Wolff-Parkinson-White syndrome) (Table II).® 


Tm 


Atrioventricular nodal reentrant tachycardia was ter- 
minated in all patients with both bepridil and verapa- 


_ mil. Although ajmaline restored sinus rhythm in all 


mens 


Uy 


patients with AV reentry, bepridil failed to terminate 
tachycardia in 3 of 8 patients. It is significant that the 
retrograde accessory pathway effective refractory period 


increased a mean of 63 milliseconds. Twelve patients 


. received a total of 1,500 mg of oral bepridil and were 
` restudied 3 days after initiation of therapy. In 6 pa- 
. tients, tachycardia could not be induced, and in the 
- other 6 patients, the rate of tachycardia was slower. The 
` investigators did not mention whether antiarrhythmic 


efficacy with oral bepridil was different for patients with 


—AW nodal reentry compared with those with AV 
_ reentry. 


Ventricular premature complexes: Three separate 
studies have been conducted using oral bepridil to 


suppress ventricular premature complexes (VPCs) 


TABLE П Study of Bepridil for Atrioventricular (AV) and 
AV Nodal Reentrant Tachycardia® 
Bepridil (2 mg/kg intravenously) was compared with verapamil 
(0.15 mg/kg) in 9 patients with AV nodal reentry; bepridil (2 
mg/kg intravenously) was compared with ajmaline (0.75 mg/kg) 
in 8 patients with AV reentrant tachycardia (Wolff-Parkinson- 
White syndrome). 


Bepridil terminated AV nodal reentrant tachycardia in 9 of 9 pa- 
tients; verapamil terminated AV nodal reentry in 9 of 9 pa- 
tients. 

Bepridil terminated AV reentrant tachycardia in 5 of 8 patients; 
ajmaline terminated AV reentry in 8 of 8 patients. 


In 12 patients, oral bepridil (500 mg/day for З days) resulted in 
no reentrant tachycardia during programmed ventricular stimu- 
lation in 6 patients and a ‘‘slower’’ rate of induced tachycardia in 
6 patients. 


(Table III). Rio et al’ evaluated the efficacy of oral 
bepridil in 19 patients with stable coronary artery dis- 
ease who had =1,000 VPCs/day. Twenty-four hour 
ambulatory electrocardiographic recordings were per- 
formed before and during bepridil therapy. Efficacy was 
defined as 284% suppression of VPCs/day. Nine of 19 
patients had a successful response to 300 mg/day of 
bepridil. Nine of 10 patients who did not respond to a 
300-mg/day dosage received 500 mg/day and of these, 
4 experienced effective suppression of VPCs. Thus, 
bepridil successfully suppressed VPCs in 13 of 19 pa- 
tients. Although ventricular pairs or ventricular 
tachycardia did not develop in any patient, the fre- 
quency of VPCs increased in 2 patients. — 

Jullien? examined the effects of bepridil on VPC 
frequency in 16 patients with and without heart disease. 
The mean VPC count was 13,000/day (range 2,000 to 
41,000). Antiarrhythmic efficacy, defined as >85% re- 
duction in VPCs/day, was achieved in 6 of 16 patients 
at 300 mg/day and in 11 of 16 patients at 600 mg/day. 
Absolute VPC counts in 3 patients increased at a dosage 
of 300 mg/day, but decreased at 600 mg/day. In 1 pa- 
tient 2 asymptomatic episodes of nonsustained ven- 
tricular tachycardia (VT) developed during bepridil 
administration at 600 mg/day. In addition, 1 patient 
with a history of cardiac arrest 12 years before therapy 
died suddenly 8 days after starting bepridil treatment. 
Although suggestive, it is unclear from the data pre- 
sented whether bepridil was implicated in the death of 
this patient. 

LeClercq and Coumel? administered bepridil (800 
mg/day) and quinidine (1 g/day) to 10 patients with 
frequent VPCs. Bepridil significantly decreased hourly 
VPC counts from 504 + 117 to 245 + 112 (p «0.01). The 
investigators found that 7 patients responded favorably 
and there was no difference in efficacy between quini- 
dine and bepridil. These investigators also administered 
oral bepridil (400 to 1,000 mg/day) to 10 patients with 
incessant salvos of УТ noted during 24-hour electro- 
cardiographic recordings. The patients supposedly had 
no “cardiopathy,” but it is unclear how this diagnosis 
was made. Six of 10 patients did not have VT during 
bepridil therapy, and in 3 other patients the response 
to therapy was considered “moderate.” Bepridil was 
ineffective in 1 patient. The effective dosage of bepridil 
was always >600 mg/day. 
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TABLE Ill Suppression of Ventricular Premature Complexes (VPCs) During Oral Bepridil 
Therapy 
Patients Dosage 
Study (n) (mg/day) Efficacy Results 

Rio et al’ 19 300-500 >84% suppression 13/19 VPCs | 
CAD of VPCs/day 2/19 VPCs t 
>1,000 VPCs/day 

Jullien 16 >85% suppression 11/16 VPCs | 
HD (+) of VPCs/day 1/16 VPCs + 
Mean 1 SD 
13,000 VPCs/day 

LeClercq and Coumel® 10 VPCs/hr | (р <0.01) 
CAD (504 VPCs/hr to 
Mean 246 VPCs/hr) 
504 VPCs/hr 


CAD = coronary artery disease; HD(+) = with or without heart disease; SD = sudden death. 


TABLE IV Effect of Bepridil on Sustained Ventricular 
Tachycardia (VT) 


Patients 
Study (n) Dosage Results 
Levy et al! 7 2mg/kg 4/7 МТ terminated 
intravenously 3/5 VT induced by PES 
prevented 
500 to 800 mg/ 5/7 VT induced by PES 
day orally prevented 
Davy et а!!! 12 3mg/kg 8/8 VT terminated 
intravenously 4/12 VT induced by PES 
prevented 
Fauchier 11 3 mg/kg 5/11 VT terminated 
et а!'2 intravenously 
Total 17/26 VT terminated 
with intravenous 
bepridil 


PES = programmed electrophysiologic stimulation. 


Sustained ventricular tachycardia: Three studies 
evaluated the effects of bepridil in patients with sus- 
tained VT (Table IV).1°-1 In general, the ability of in- 
travenous bepridil to terminate or prevent the induction 
of VT was tested. Few data are available concerning the 
efficacy of oral bepridil in preventing recurrence of 
spontaneous VT. 

Levy et al!? administered 2 mg/kg of intravenous 
bepridil to 7 patients during sustained УТ. In 4 of these 
7 patients, VT was terminated. The initiation of VT by 
programmed ventricular stimulation was prevented in 
3 of 5 patients. Oral bepridil therapy (500 to 800 mg/ 
day) prevented the induction of VT by programmed 
ventricular stimulation in 5 of 7 patients. 

Intravenous bepridil (3 mg/kg) terminated sustained 
V'T in all 8 patients and in 5 of 11 patients according to 
studies by Davy et al!! and Fauchier et al,!? respectively. 
In 12 patients, Davy et al!! performed programmed 
ventricular stimulation during intravenous bepridil 
treatment and found that V'T could no longer be ini- 
tiated in 4 of these patients. 


Potential for Arrhythmogenesis 


Torsade de pointes: In 1966, Dessertenne!? used the 
term torsade de pointes to describe a particular form 
of VT in which the axis of the QRS complex undulates 


TABLE V Profile of Patients with Torsade de Pointes?? 


Dosage of bepridil 300—400 mg/day 
Number 16 

Sex 13 women, 3 men 
Age average, 76 years 
Potassium € 4.0 mEg/liter 14 patients 
Potassium €3.5 mEg/liter 7 patients 

Use of diuretics 8 patients 
Previous diarrhea 4 patients 


around the isoelectric line. It is important to differen- 


tiate this syndrome from other forms of VT with similar _ 
morphologic characteristics.!? Thus, torsade de pointes ~ 
should be diagnosed only in a patient who has both a | 


prolonged QT interval and the morphologic features of 
VT as just described. Torsade de pointes can occur in 


patients with bradycardia, a long QT syndrome, elec- - 


trolyte disturbances, especially hypokalemia, and as a 
complication of a variety of drugs such as quini- 
dine.!? | 

LeClercq et al? recently reported on a series of 16 
patients in whom torsade de pointes developed during 
bepridil administration. These cases were obtained 
through an extensive survey of French cardiologists, 


involving thousands of patients taking bepridil for an- - 


gina pectoris. Review of the data shows certain common 





features in these patients with torsade de pointes (Table _ 
V): 13 were women; most were elderly, with an average _ 


age of 76 years; the serum potassium level was €4.0 


mEq/liter in 14 patients and <3.5 mEq/liter in 7 pa- ~ 
tients; 8 patients were taking diuretics; 4 had diarrhea _ 


preceding the occurrence of torsade de pointes. The 
dosage of bepridil was 300 mg/day in 13 patients and 400 


mg/day in 3 patients. Although patients received the | 
usual dose of bepridil, plasma drug concentrations, . 
when obtained, were higher than expected on the basis : 
of data from healthy normal volunteers. Therefore, it · 


might be speculated that the dosage of bepridil should 
be reduced in the elderly and that supplemental po- 


tassium therapy should be given to patients receiving _ 


diuretics. The frequency of torsade de pointes induced 


by bepridil is unknown but appears to be small; how- - 
ever, more data are needed to define the precise ar- 


rhythmogenic role of bepridil. 
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Conclusions 


2 
2 Bepridil is a new investigational agent with unique 
д properties. It decreases both the slow and fast inward 
"9 currents of the heart, it can be taken once а day and it 
. is well tolerated during long-term therapy. Bepridil 
. effectively suppresses episodes of angina pectoris and, 
` according to preliminary data, it is also useful in pa- 

tients with both supraventricular and ventricular ar- 
_rhythmias. However, additional studies are necessary 

to define the role of bepridil in patients with tachyar- 
- rhythmias. For example, little is known about its effect 
_ in patients with atrial fibrillation, atrial flutter or ec- 
` topic atrial tachycardia. Although bepridil appears to 
. suppress VPCs, its long-term antiarrhythmic efficacy 
- is unknown in patients with sustained VT or ventricular 
` fibrillation. Answers to these questions are likely to 
` follow the investigations on the antiarrhythmic spec- 
_ trum and potential arrhythmogenicity of bepridil now 
. in progress in the United States and Europe. 
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Angina 
Protection —— 
with Benefits for 
a Lifetime 


ONCE-DAILY CONTROL 
WITH HEART-SAVING BENEFITS 


By reducing heart rate and cardiac contractility, INDERAL LA helps 
protect the heart from the potentially serious and debilitating 
consequences of ischemia. A highly effective antianginal agent for 
around-the-clock control of symptoms, INDERAL LA also provides 
cardiovascular protection for a sense of security in the years ahead. 


PROTECTION AND EXPERIENCE 
NO CALCIUM BLOCKER CAN MATCH 


Unlike calcium blockers, INDERAL LA —either alone or with a 
nitrate —is recommended for early treatment of angina in the 
majority of patients. Equally important, INDERAL LA delivers the 

proven performance and safety profile of INDERAL tablets 
confirmed by millions of patients during 16 years of clinical use. 


START WITH 80 MG ONCE DAILY 


Dosage may be increased to 160 mg once daily, as needed, to 
achieve optimal control. INDERAL LA should not be used in congestive 
heart failure, sinus bradycardia, cardiogenic shock, heart block greater 
than first degree, and bronchial asthma. Please see next page for 
further details and brief summary of prescribing information. 


ONCE-DAILY 


B0 120 
mg mg 
















+ 
d 





FOR SII RE Ё 
_ THERAPY IN ANGINA 


гү RIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR.) 
P DER! L LA brand of propranolol hydrochloride (Long Acting Capsules) 
DESCRIPTION. Inderal LA is formulated to provide a sustained release of propranolol 














"ah chloride, Inderal LA is available as 80 mg, 120 mg, and 160 mg capsules. 
CLINICAL PHARMACOLOGY. INDERAL is a nonselective beta-adrenergic receptor 
- blocking agent possessing no other autonomic nervous system activity. It specifically com- 
. petes with beta-adrenergic receptor d agents for available receptor sites. When 
. access to beta-receptor sites is blocked by INDERAL, the chronotropic, inotrepic, and 
i . vasodilator responses to beta-adrenergic stimulation are decreased proportionately. 
=- INDERAL LA Capsules (80, 120, and 160 mg) release propranolol HCI at a controlled and 
— predictable rate. Peak blood levels following dosing with INDERAL LA occur at about 6 hours 
 andthe apparent plasma half-life is about 10 hours. When measured at steady state over a 24- 
_ hour period the areas under the propranolol plasma concentration-time curve (AUCs) for the 
apsules are approximately 60% to 65% of the AUCs for a comparable divided daily dose of 
(ON DERAL tablets. The lower AUCs for the capsules are due to greater hepatic metabolism of 
E resulting from the slower rate of absorption of propranolol. Over a twenty-four (24) 
hour period, blood levels are fairly constant for about twelve (12) hours then decline 
. exponentially. 
E - . INDERAL LA should not be considered a simple mg for mg substitute for conventional 
| pn pranolol and the blood levels achieved do not match (are lower than) those of two to four 
times daily dosing with the same dose. When changing to INDERAL LA from conventional 
 propranolol, a possible need for retitration upwards should be considered especially to 
_ maintain effectiveness at the end of the dosing interval. In most clinical settings, however, 
. Such as hypertension or angina where there is little correlation between plasma levels and 
Clinical effect, INDERAL LA has been therapeutically equivalent to the same mg dose of 
. conventional INDERAL as assessed by 24-hour effects on blood pressure and on 24-hour 
- exercise responses of heart rate, systolic pressure and rate pressure product. INDERAL LA 
Ga oravice effective beta blockade for a 24-hour period. 
= The mechanism of the antihypertensive effect of INDERAL has not been established. 
- Among the factors that may be involved in contributing to the antihypertensive action are (1) 
- decreased cardiac output, (2) inhibition of renin release by the kidneys, and (3) diminution of 
_ tonic sympathetic nerve outflow from vasomotor centers in the brain. Although total peripheral 
` resistance may increase initially, it readjusts to or below the pretreatment level with chronic 
` use. Effects on plasma volume appear to be minor and somewhat variable. INDERAL has 
. been shown to cause a small increase in serum p ium concentration when used in the 
` treatment of hypertensive patients. 
—.. In angina pectoris, propranolol generally redu 
апу given level of effort by blocking the catechola 
systolic blood pressure, and the velocity and exta 
_ may increase oxygen requirements by increasing 
pressure and systolic ejection period. The net phys 
is usually advantageous and is manifested during 
increased work capacity. 































— . Beta receptor blockade can be useful in co 
functional changes, sympathetic activity is detri £ + 
— Situations in which sympathetic stimulation is vital. For example, In patients everely 
ا‎ -damaged hearts, adequate ventricular function is maintained by virtue of sympathetic drive 
- which should be preserved. In the presence of AV block, greater than first degree, beta 
—. blockade may prevent the necessary facilitating effect of sympathetic activity on conduction. 
— Beta blockade results in bronchial constriction by interfering with adrenergic bronchodilator 
. activity which should be preserved in patients subject to bronchospasm. 
Propranolol is not significantly dialyzable. 
Sat IDICATIONS AND USAGE. Hypertension: INDERAL LA is indicated in the manage- 
` ment of hypertension; it may be used alone or used in combination with other antihypertensive 
.. agents, particularly a thiazide diuretic. INDERAL LA is not indicated in the management of 
. hypertensive emergencies. 
= . Angina Pectoris Due to Coronary Atherosclerosis: INDERAL LA is indicated 
- for the long-term management of patients with angina pectoris. 
. Migraine: INDERAL LA is indicated for the prophylaxis of common migraine headache. 
посао of propranolol іп the treatment of a migraine attack that has started has not been 
stablished and propranolol is not indicated for such use. 
|. Hy ic Subaortic Stenosis: INDERAL LA is useful in the management of 
_ hypertrophic subaortic stenosis, especially for treatment of exertional or other stress-induced 
— angina, palpitations, and syncope. INDERAL LA also improves exercise performance. The 
el ectiveness of propranolol hydrochloride in this disease appears to be due to a reduction of 
elevated outflow pressure gradient which is exacerbated by beta-receptor stimulation. 
ліса! improvement may be temporary. 
NT ICATIONS. INDERAL is contraindicated in 1) cardiogenic shock; 2) sinus 
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_ bradycardia and greater than first degree block; 3) bronchial asthma; 4) congestive heart 
failure ra WARNINGS) unless the failure is secondary to a tachyarrhythmia treatable with 
1NINGS. CARDIAC FAILURE: Sympathetic stimulation may be a vital component sup- 
ig circulatory function in patients with congasive heart failure, and its inhibition by beta 
kade may precipitate more severe failure. Although beta blockers should be avoided in 
ert congestive heart failure, if necessary, they can be used with close foliow-up in patients 
- with a history of failure who are well compensated and are receiving digitalis and diuretics. 
_ Beta-adrenergic blocking agents do not abolish the inotropic action of digitalis on heart 


muscle. 

— — INPATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of beta blockers 
_ can, in some cases, lead to cardiac failure. Therefore, at the first sign or symptom of heart 
- failure, the patient should be digitalized and/or treated with diuretics, and the response 
observed closely, or INDERAL should be discontinued (gradually, if possible). 


— | IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 

| angina and, in some cases, myocardial infarction, following abrupt discontinuance of 

| INDERAL therapy. Therefore, when discontinuance of INDERAL is planned the dosage 

| should be gradually reduced over at least a few weeks, and the patient should be 

NDERAL against interruption or cessation of therapy without the physician's advice. If 
a 
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ERAL therapy is interrupted and exacerbation of angina occurs, it usually is advis- 
able to reinstitute INDERAL therapy and take other measures appropriate for the man- 
..] agement of unstable angina pectoris. Since coronary artery disease may be 
a _ unrecognized, it may be prudent to follow the above advice in patients considered at risk 
‘| of having occult atherosclerotic heart disease who are given propranolol for other 
_ | indications. 
= Nonallergic Bronchospasm (e-9-» chronic bronchitis, отркувета) = 
| ATIENTS WITH BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA 
_ BLOCKERS. INDERAL should be administered with caution since it may block bronchodila- 
E уан by endogenous and exogenous catecholamine stimulation of beta receptors. 
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MAJOR SURGERY: The necessity or desirability of withdrawal of beta-blocking therapy 
prior to major surgery is controversial. It should be noted, however, that the impaired ability of 
the heart to respond to reflex adrenergic stimuli may augment the risks of general anesthesia 
and surgical procedures. 

INDERAL (propranolol HCI), like other beta blockers, is a competitive inhibitor of beta- 
receptor agonists and its effects can be reversed by administration of such agents, e.g., 
dobutamine or isoproterenol. However, such patients may be subject to protracted severe 
hypotension. Difficulty in starting and maintaining the heartbeat has also been reported with 
beta blockers. 

DIABETES AND HYPOGLYCEMIA: Beta-adrenergic blockade may prevent the ap- 
pearance of certain premonitory signs and symptoms (pulse rate and pressure changes) of 
acute hypoglycemia in labile insulin-dependent diabetes. In these patients, it may be more 
difficult to adjust the dosage of insulin. 

THYROTOXICOSIS: Beta blockade may mask certain clinical signs of hyperthyroidism. 
Therefore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms 
of hyperthyroidism, including thyroid storm. Propranolol does not distort thyroid function tests. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been 
reported in which, after propranolol, the tachycardia was replaced by a severe bradycardia 
requiring a demand pacemaker. In one case this resulted after an initial dose of 5 mg 
propranolol. 

PRECAUTIONS. General: Propranolol should be used with caution in patients with impaired 
hepatic or renal function. INDERAL is not indicated for the treatment of hypertensive 
emergencies. 

Beta adrenoreceptor blockade can cause reduction of intraocular pressure. Patients 
should be told that INDERAL may interfere with the glaucoma screening test. Withdrawal may 
lead to a return of increased intraocular pressure. 

Clinical Laboratory Tests: Elevated blood urea levels in patients with severe heart disease, 
elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase. 

DRUG INTERACTIONS: Patients receiving catecholamine-depleting drugs such as reser- 
pine should be closely observed if INDERAL is administered. The added catecholamine- 
blocking action may produce an excessive reduction of resting sympathetic nervous activity 
which may result in hypotension, marked bradycardia, vertigo, syncopal attacks, or orthostatic 
hypotension. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term studies in animals have 
been conducted to evaluate toxic effects and carcinogenic potential. In 18-month studies in 
rats and mice, employing up to 150 mg/kg/day, there was no evidence of significant 
i ad дос 8 »related tumorigenic effects at any of the dosage 
not show any impairment of fertility that was 










апо, . INDERAL has been shown to be embryotoxic in 
: 110 greaterthan the maximum recommended human dose. 
aque we'"eDBHONed studies in pregnant women. INDERAL should 
gnancy only if the potential benefit justifies the potential risk to the fetus. 
S: INDERAL is excreted in human milk. Caution should be exercised when 

d to a nursing woman. 

А | 5 in children have not been established. 

? effects have been mild and transient and have 


SH iwe: intensification of AV block; hypo- 
‚ arterial insufficiency, usually of the 


idedness; mental depression manifested by insomnia, 
lassitude, weakness, fatigue; reWefSible mental depression progressing to catatonia; visual 
disturbances; hallucinations; an acute reversible syndrome characterized by disorientation for 
time and place, short-term memory loss, emotional lability, slightly clouded sensorium, and 
decreased performance on neuropsychometrics. 

Gastrointestinal: nausea, vomiting, epigastric distress, abdominal cramping, diarrhea, 
constipation, mesenteric arterial thrombosis, ischemic colitis. 

Allergic: pharyngitis and agranulocytosis, erythematous rash, fever combined with aching 
and sore throat, laryngospasm and respiratory distress. 

Respiratory: bronchospasm. 

Hematologic: agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic 
purpura. 

Auto-immune; In extremely rare instances, systemic lupus erythematosus has been 
reported. 

Miscellaneous: alopecia, LE-like reactions, psoriasiform rashes, dry eyes, male impo- 
tence, and Peyronie's disease have been reported rarely. Oculomucocutaneous reactions 
involving the skin, serous membranes and conjunctivae reported for a beta blocker (practolol) 
have not been associated with propranolol. 

DOSAGE AND ADMINISTRATION. INDERAL LA provides propranolol hydrochloride in a 
sustained-release capsule for administration once daily. If patients are switched from INDERAL 
tablets to INDERAL LA capsules, care should be taken to assure that the desired therapeutic 
effect is maintained. INDERAL LA should not be considered a simple mg for mg substitute for 
INDERAL. INDERAL LA has different kinetics and produces lower blood levels. Retitration may 
be necessary especially to maintain effectiveness at the end of the 24-hour dosing interval 

HYPERTENSION—Dosage must be indiwdualized. The usual initial dosage is 80 mg 
INDERAL LA once daily, whether used alone or added to a diuretic. The dosage may be 
increased to 120 mg once daily or higher until adequate blood-pressure control is achieved. 
The usual maintenance dosage is 120 to 160 mg once daily. In some instances a dosage of 640 
mg may be required. The time needed for full hypertensive response to a given dosage is 
variable and may range from a few days to several weeks. 

ANGINA PECTORIS—Dosage must be individualized. Starting with 80 mg INDERAL LA 
once daily, dosage should be gradually increased at three to seven day intervals until optimum 
response is obtained. Although individual patients may respond at any dosage level, the 
average optimum dosage appears to be 160 mg once daily. In angina pectoris, the value and 
safety of dosage exceeding 320 mg per day have not been established. 

If treatment is to be discontinued, reduce dosage gradually over a period of a few weeks 
(see WARNINGS). 

MIGRAINE — Dosage must be individualized. The initial oral dose is 80 mg INDERAL LA 
once daily. The usual effective dose range is 160-240 mg once daily. The dosage may be 
increased gradually to achieve optimum migraine prophylaxis. If a satisfactory response is not 
obtained within four to six weeks after reaching the maximum dose, INDERAL LA therapy 
should be discontinued. It may be advisable to withdraw the drug gradually over a period of 
several weeks. 

HYPERTROPHIC SUBAORTIC STENOSIS—80-160 mg INDERAL LA once daily. 
PEDIATRIC DOSAGE —At this time the data on the use of the drug in this age group are too 
limited to permit adequate directions for use. 

*The appearance of INDERAL LA capsules is a registered trademark of Ayerst Laboratories. 
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Greater safety with 
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REACH FOR THE NEW BALTHERM? TLC" 
THERMAL DILUTION CATHETER (THIRD 
LUMEN CATHETER) 








BALTHERM - FEEL THE DIFFERENCE 


We know how you feel about catheter flexibility. 
Baltherm's superior handling characteristics provide greater 
sensitivity and give you a better feel for the catheter's 
position throughout the placement procedure. Not only 
does it enable you to do frequent cardiac output 
measurements, but to continually administer lifesaving 
solutions directly into the central circulation . . . through a 
single venipuncture site. 

COMPATIBLE WITH OTHER SYSTEMS 

Model No. 73-6367H and 73-6367 are compatible with 
the Elecath Cardiac Output Computer. 

Model No. 73-9367H and 73-9367 are precalibrated and 
fully compatible with Edwards, Hewlett Packard, and 
Siemens Cardiac Output Computers. 









AVAILABLE WITH 
HEMOGUARD" HEPARIN BONDED 
SURFACE 


This versatile catheter is available with or with- 
out Hemoguard (heparin) to accommodate all 
clinical preferences. Distal and proximal infusate leads 
are color coded and the Baltherm catheter has a vented 
syringe for uniform and accurate balloon inflation. In 
addition, the catheter is flow directed: thus placement is 
accomplished quickly and accurately. 

The next time you specify a thermal dilution catheter, 
reach for BALTHERM TLC (Third Lumen Catheter). For 
your standard thermal dilution needs, Baltherm models 
73-9067, 73-6067, and 73-4067 are available without the 
extra infusion lumen. Electro-Catheter Corporation, 2100 
Felver Court, Rahway, New Jersey 07065 800-526-4243: In 
New Jersey: 201-382-5600 TELEX: 13817] 
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INNOVATIVE CARDIOVASCULAR TECHNOLOGY 





WORK IN 
PROGRESS 


from a university collaboration with 
Smith Kline & French Laboratories 
a leader in cardiovascular research 


Саісійеа atherosclerotic plaques (arrow) аге visible in 
branches of the left anterior descending artery (LAD) in this 
infrared photograph of a transilluminated cleared human 
heart. Ihe epicardial fat appears blue or green, the atria and 
right ventricular wall appear yellow and the left ventricular 
myocardium is seen as геа. 


lhis extraordinary photographic technique enables 
investigators to study atherosclerotic plaque without 
opening or dissecting the vessels 
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Left: Artists conception of a healthy 
myocardial cell bordered by 
electrophysiologically destabilizing 
ischemic myocardium. 

Right: Stabilized myocardium. 
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Working to 
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(quinidine gluconate) зле 





Stable plasma levels: a factor in maintaining 
stable cardiac rhythm 


s Easy-to-remember q12h dosage* promotes compliance 


Fewer GI side effects than quinidine sulfate’ 


*Some patients may require more frequent (TID) dosing. 'Podrid PJ: Patient Care 1981;15:100-132. 
Please turn page for brief summary of prescribing information. 
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. . CONTRAIN 
—— 2. Complete А-У block 3 Complete bundle branch block or other severe 
intraventricular conduction defects, especially those exhibiting a marked 
` grade of QRS widening 4 Digitalis intoxication manifested by A-V 
Э Conduction disorders. 5. Myasthenia gravis. 6 Aberrant impulses and 
- abnormal rhythms due to escape mechanisms 
e WARNI : 1 In the treatment of atrial flutter, reversion to sinus rhythm 
(maybe preceded by a progressive reduclion in the degree of A-V block to a 
_ _ T1 ratio resulting in an extremely rapid ventricular rate. This possible 
7), e may be reduced by digitalization prior to administration of quinidine 
- 2. Recent reports indicate that plasma concentrations of digoxin increase 
-. and may even double when quinidine is administered concurrently Patients 
~ en Concomitant therapy should be carefully monitored Reduction of 
E - digoxin dosage may have to be considered 
| 3. Manifestations of quinidine cardiotoxicity such as excessive prolonga- 
- lion of the Q-T interval, widening of the QRS complex and ventricular 
- lachyarrhythmias mandate immediate discontinuation of the drug and/or 
- clase clinica! and electrocardiographic monitoring 
- 4 In susceptible individuals, such as those with marginally compensated 
Cardiovascular disease. quinidine may produce clinically important depres- 
sion of cardiac function such as hypotension, bradycardia, or heartblock 
— Quinidine therapy should be carefully monitored in such individuals 
_ 5. Quinidine should be used with extreme caution in patients with incom- 
< plete A-V block since complete block and asystole may be produced 
Quinidine may cause abnormalities of cardiac rhythm in digitalized patients 
"апо therefore should be used with caution in the presence of digitalis 
~ intoxication. 6. Quinidine should be used with caution in patients 
exhibiting renal, cardiac or hepatic insufficiency because of potential 
t accumulation of quinidine in plasma leading to toxicity 
___ 7. Patients taking quinidine occasionally have syncopal episodes which 
— usually result from ventricular tachycardia or fibrillation. This syndrome 
-has nol been shown to be related to dose or plasma levels Syncopal 
—— episodes frequently terminate spontaneously or in response to treatment 
- bul sometimes are fatal 
—— 8 A lew cases of hepatotoxicity, including granulomatous hepatitis, due to 
^ quinidine hypersensitivity have been reported in patients taking quinidine 
Unexplained fever and/or elevation of hepatic enzymes. particularly in the 
~ Barly stages of therapy, warrant consideration of possible hepatotoxicity 
— - Monitoring liver function during the first 4-8 weeks should be considered 
- Cessation of quinidine in these cases usually results in the disappearance 
E ot oy 
_ PRECAUTIONS: General: The precautions to be observed include all 
— those applicable to quinidine A preliminary test dose of a single tablet of 
- . quinidine sulfate may be administered to determine if the patient has an 
~~ idiosyncrasy to quinidine Hypersensitivity to quinidine. although rare 
| should constantly be considered. especially during the first weeks of therapy 
| Hospitalization for close clinical observation, electrocardiagraphic monitor- 
~~ ing, and possible determination of plasma quinidine levels is indicated 
| when large doses are used. or with patients who present an increased risk 
~ Information for Patients: As with all solid oral medications. Quinaglute 
(quinidine gluconate) Dura-Tabs (sustained-release tablets) should be 
| taken with an adequate amount of fluid. preferably in an upright position 
to facilitate swallowing 
. Drug Interactions: Drug Effect 
£ Quinidine with anticholinergic drugs Additive vagolytic effect 


 Quinidine with cholinergic drugs Antagonism of cholinergic effects 
» Quinidine with carbonic anhydrase — Alkalinizalion of urine 
—— inhibitors, sodium bicarbonate, resulting in decreased 
-thiazide diuretics excretion of quinidine 
- Quinidine with coumarin Reduction of clotting factor 
- anticoagulants concentrations 
-- — Quinidine with tubocurare, Potentiation of neuro- 
` Succinylcholine and decamethonium muscular blockade 


Addilive cardiac depressive 
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— — Quinidine with phenothiazines 
-and reserpine 


effects 
Ё . - Quinidine with hepalic enzyme- Decreased plasma half-life 
| inducing риу (phenobarbital, of quinidine 
phenytoin. rifampin) 
aa Quinidine with digoxin Increased plasma concentra- 


4 tions of digoxin (see WARNINGS) 
` Carcinogenesis, Mutagenesis and Impairment of Fertility: Long- 
| term studies in animals have not been performed to evaluate the 
| carcinogenic potential of quinidine There is currently no evidence ol 
| Quinidine-induced mutagenesis or impairment of fertility 
- Pregnancy: Jeralogenic Effects: Pregnancy Category C Animal reproduc- 
_ tion studies have not been conducted with quinidine. There are no adequate 
__ and well-controlled studies in pregnant women Quinaglute (quinidine 
| gluconate) Dura-Tabs should be given to a pregnant woman only if clearly 
© needed. Nonteratogenic Effects: Like quinine, quinidine has been reported 
| to have oxytocic properties. The significance of this property in the clinical 
КЕ СА, has not been established 
Ё Nursing Mothers: Caution should be exercised when Quinaglute 
(quinidine gluconate) Dura-Tabs are administered to a nursing woman due 
" to passage of the drug into breast milk 
... Pedi Use: There are no adequate and well-controlled studies 
establishing the safely and effecliveness of Quinaglute (quinidine gluco- 
- mate) Dura-Tabs in children 
_ ADVERSE REACTIONS: Symptoms of cinchonism, ringing in ears, 
-— . headache, nausea, and/or disturbed vision may appear in sensitive patients 
-— after a'single dose of the drug. The most Tenn encountered side 
effects to quinidine are gastrointestinal in nature. These gastrointestinal 
kt effects include nausea. vomiting, abdominal pain and diarrhea 
—— Less frequently encountered adverse reactions 
Cardiovascular: Widening of QRS complex. cardiac asystole, ventricular 
-ectopic beats, idioventricular rhythms including ventricular tachycardia and 
| fibrillation, paradoxical tachycardia, arterial embolism and hypotension 
_ Hematologic: Acute hemolytic anemia, hypoprothrombinemia, throm- 
- — bocytopenia (purpura), agranulocytosis 
~ Central Nervous System: Headache. fever, vertigo. apprehension, 
| excitement, confusion, delirium and syncope, disturbed hearing (tinnitus 
- — decreased auditory acuity), disturbed vision (mydriasis, blurred vision. 
< disturbed color perception, reduced vision field. photophobia, diplopia, 
- — might blindness, scotomata). optic neuritis 
- Dermatologic: Rash, cutaneous flushing with intense pruritus, urticaria 
— Photosensitivity has also been reported 
M sensitivity Reactions: Angioedema, acute asthmatic episode. 
RA ascular collapse, respiratory arrest, hepatic toxicity, including gran- 
-. ulomatous hepatitis (see WARNINGS). Although extremely rare, there have 
. also been reports of lupus erythematosus in patients taking quinidine A 
- positive association with quinidine therapy has not been established 
— See package insert for full information. 
RLEX Laboratories, Inc., Wayne, New Jersey 07470 
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If it's not the new 16th edition of 

MODERN DRUG ENCYCLOPEDIA, 

you can't be sure. 

MODERN DRUG ENCYCLOPEDIA 


and Therapeutic Index 16th Edition 


Arthur J. Lewis, MD, Editor 

Gertrude Dittus Gonzales, R.Ph., B.S., Pharm., 
Executive Editor 

Charles L. Winek, Ph.D., Contributing Editor 
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The 16th Edition of MODERN DRUG ENCYCLOPEDIA is written 


especially for the practitioner who needs complete, objective information 


on prescription drugs. 


An independent team of pharmacists and physicians has researched 
and edited all the facts on 3,000 prescription drugs. It passes this 
research on to you in an easy to absorb style that's perfectly suited to 
the tight schedule of a time pressed practitioner. 


Some handbooks just reprint manufacturers’ package inserts. They 
don't edit. Just print material manufacturer pays to have included. 


Here's what careful planning does for MODERN DRUG 

ENCYCLOPEDIA: 

e limits entries to prescription drugs. You don't waste time flipping 
through pages of extraneous drugs. 

e lists over 3,000 pharmaceuticals, biologicals, and allergens in one a-z 
sequence. 

e arranges entries by generic name. All brand names in one place. 

e written in concise language for quick comprehension. 

e designed with a ‘strong focus” layout, easy-to-read type, and bold 
subject headings. 


The 1,000 page main section arranges over 3,000 drugs 
alphabetically by generic name. Each entry covers vital facts about 
brand names and each manufacturer that markets their own brand. 


Three a-z indexes provide instant access to all the material found in 
the main section as follows: 

e GENERAL INDEX of all brand generic names in handy alphabetic 
sequence. 

e THERAPEUTIC INDEX of which drugs are prescribed for which 
purpose. Allows you a wide selection of therapy based on your 
patient's special needs. 

e MANUFACTURERS INDEX of names and addresses and product 
names. Helps you identify the drug when you only know the 
manufacturer's name. 


5 
{ Yorke Medical Books 
| Вох C-757 
Brooklyn, МҮ 11205 
| Please send те a copy of the MODERN DRUG ENCYCLOPEDIA, 16th Edition (00021) $59.00. 


[] Enclosed is my check for 
| (same return privilege). 
О Please bill my 


AJCD5 


including $1.50 for handling. Yorke pays postage 








O Visa O MasterCard L] AMEX (same return privilege) 
Exp. date Card No. 
Û Please bill me plus postage and handling (U.S. and Canadian orders only). 
i Name 
| Address 





City/State/Zip 


i Customers in the following states please include applicable sales tax: CA, CT, GA, IL, MA, MI, NY, OH, PA, TX. All 
foreign orders must be prepaid in U.S. funds with a check drawn on a U.S. bank or charged to a credit card. Please 
p $5.00 per book for all orders to be shipped outside the U.S. and Canada. J 
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troducing the non-invasive catheter. 


Unprecedented analysis of cardiac 
activity from outside the body. 


NCCOM3™ is a revolutionary, real-time, beat-to-beat 
cardiac monitoring system that gives you precise, 
continuous measurements of your patients’ complete 
hemodynamic status—with just the touch of a button. 
МССОМЗ does everything you'd expect from 
catheterization, plus much more, without the trauma of 
invasion. APPLICATION OF EIGHT ECG SKIN 
ELECTRODES IS ALL THAT’S REQUIRED. 


Continuous measurement of six 
hemodynamic variables. 


e Stroke Volume 

e Cardiac Output 

* Heart Rate 

* Ventricular Ejection Time 

e Index of Thoracic Fluid Level 

* Index of Blood Ejection Velocity (Contractility) 


A new dimension in clinical man- 
agement versatility. 


* Monitoring cardiac activity post-anesthesia 
* Evaluating cardiac rehabilitation therapy 
* Quantify effects of periodic A-V asynchrony 


HEIGHT 


(Ct) 


LIMITS SET 


Intraoperative patient monitorinq 

Quantification of vasoactive drug effects 

Continuous assessment of the ICU patient 

Stress testing 

Neonatal and pediatric cardiovascular and hydration 
assessment 

Titration of intravenous diuretics 

Hemodynamic monitoring during labor 

Monitoring for the onset of pulmonary edema during 
administration of tocolytics. 


NCCOM3 is the monitoring system 
for the 1980’s. 


NCCOMS is a precise, convenient, versatile and 
inexpensive monitor designed to give maximum clinical 
information at minimum cost. For more information on 
how NCCOMG can benefit you and your patients, simply 
return the coupon below, contact your BoMed represen- 
tative or call us. 


GQBOMED 


9 Wrigley Street 
Irvine, CA 92718 USA 
(714) 770-5322 TWX: 910-595-242] 
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CORGAR 
(nadolol tablets) 
for Angina 








CORGARD* TABLETS 
Nadolol Tablets 


DESCRIPTION: Согдага (nadolol) is a synthetic nonselective beta-adrenergic receptor 
blocking agent. 

CONTRAINDICATIONS: Bronchial asthma, sinus bradycardia an 
degree conduction block, cardiogenic shock, and overt 
mpathetic stimul 
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supporting circulatory functio 
blockade may precipitate more 
in overt congestive heart failure 
with a history of failure who ar 
Beta-adrenergic blocking agen 
muscle. IN PATIENTS WITHO 
beta-blockers can, in some cases, 
symptom of heart failure, digitalize a 
or discontinue nadolol (gradually i 





Exacerbation of Ischemic H 
Hypersensitivity to catechola : 

beta-blocker therapy; exacerbation of angina 
have occurred after abrupt disconti 1 
chronic use of nadolol, particularly 
reduce dosage over a 1- to 2-week 
nadolol promptly (at least tempo 
management of unstable angina i 
insufficiency develops. Warn patie iscontinue therapy without 
physician's advice. Because cor artery disease is common and may be 
unrecognized, it may be prudent not to discontinue nadolol therapy abruptly even in 
patients treated only for hypertension. 

















5 or acute coronary 





Nonallergic Bronchospasm (e.g., chronic bronchitis, emphysema ) — PATIENTS 
WITH BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA-BLOCKERS. 
Administer nadolol with caution since it may block bronchodilation produced by endoge- 
nous or exogenous catecholamine stimulation of beta, receptors. 

Major Surgery — Because beta-blockade impairs the ability of the heart to respond to 
reflex stimuli and may increase risks of general anesthesia and surgical procedures, 
resulting in protracted hypotension or low cardiac output, it has generally been suggested 
that such therapy should be withdrawn several days prior to surgery. Recognition of the 
increased sensitivity to catecholamines of patients recently withdrawn from beta-blocker 
therapy, however, has made this recommendation controversial. If possible, withdraw 
beta-blockers well before surgery takes place. In emergency surgery, inform the anesthesi- 
ologist that the patient is on beta-blocker therapy. Use of beta-receptor agonists such as 
isoproterenol, dopamine, dobutamine, or levarterenol can reverse the effects of nadolol. 
Difficulty in restarting and maintaining the heart beat has also been reported with 
beta-adrenergic receptor blocking agents. 
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also reduces release of insulin in 
necessary to adjust dose of antidiabetic drugs. 

Thyrotoxicosis — Beta-adrenergic blockade may mask certain clinical signs (e.g. 
tachycardia) of hyperthyroidism. To avoid abrupt withdrawal of beta-adrenergic block- 
ade which might precipitate a thyroid storm, carefully manage patients suspected of 
developing thyrotoxicosis. 

PRECAUTIONS: Impaired Renal Function — Use nadolol with caution (see DOSAGE 
AND ADMINISTRATION section of package insert ). 

Information for Patients — Warn patients, especially those with evidence of coronary 
artery insufficiency, against interruption or discontinuation of nadolol without physician's 
advice. Although cardiac failure rarely occurs in properly selected patients, advise 
patients being treated with beta-adrenergic blocking agents to consult physician at first 
sign of impending failure. Advise patients in event of missed doses. 

Drug Interactions — Concurrent administration may result in interactions with: 
Anesthetics, general—exaggeration of the hypotension induced by general anesthetics 
(see WARNINGS, Major Surgery). Antidiabetic drugs (oral agents and insulin) 
—hypoglycemia or hyperglycemia; adjust antidiabetic drug dosage accordingly (see 





WARNINGS, Diabetes and Hypoglycemia). Catecholamine—depleting drugs (e.g. — si 


reserpine) —additive effect; monitor closely for hypotension and/or excessive bra 

Carcinogenesis, Mutagenesis, Impairment of Fertility — In 1 to 2 years oral toxico- 
logic studies in mice, rats, and dogs, nadolol did not produce significant toxic effects. In 
2-year oral carcinogenic studies in rats and mice, nadolol did not produce neoplastic, 
preneoplastic, or nonneoplastic pathologic lesions. 

Pregnancy — In animal reproduction studies with nadolol, evidence of embryo-and 
fetotoxicity was found in rabbits (but not in rats or hamsters) at doses 5 to 10 times 
greater (on a mg/kg basis) than maximum indicated human dose; no teratogenic poten- 


tial was seen in any of these species. There are no well-controlled studies in pregnant _ | 


women; therefore, use nadolol in pregnant women only if potential benefit justifies 
potential risk to the fetus. Neonates of mothers who received nadolol at parturition have 
exhibited bradycardia, hypoglycemia and associated symptoms. 

Nursing Mothers — Nadolol is excreted in human milk. Exercise caution when nadolol 
is administered to a nursing woman. 

Pediatric Use — Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS: Most adverse effects have been mild and transient and have 
rarely required nadolol withdrawal. 

Cardiovascular —Bradycardia with heart rates of less than 60 beats per minute 
occurs commonly, and heart rates below 40 beats per minute and/or symptomatic 
bradycardia were seen in about 2 of 100 patients. Symptoms of peripheral vascular 
insufficiency, usually of the Raynaud type, have occurred in approximately 2 of 100 
patients. Cardiac failure, hypotension, and rhythm/conduction disturbances have each 
occurred in about 1 of 100 patients. Single instances of first degree and third degree heart 
block have been reported; intensification of AV block is a known effect of beta-blockers 
(see also CONTRAINDICATIONS, WARNINGS, and PRECAUTIONS). Central Nervous 
System — Dizziness or fatigue reported in approximately 2 of 100 patients; paresthesias, 
sedation, and change in behavior reported in approximately 6 of 1000 patients. 
Respiratory — Bronchospasm reported in approximately 1 of 1000 patients (see CONTRA- 
INDICATIONS and WARNINGS). Gastrointestinal — Nausea, diarrhea, abdominal dis- 
comfort, constipation, vomiting, indigestion, anorexia, bloating and flatulence each 
reported in 1 to 5 of 1000 patients. Miscellaneous — Each of the following reported in 1 to 
5 of 1000 patients: rash; pruritus; headache; dry mouth, eyes, or skin; impotence or 
decreased libido; facial swelling; weight gain; slurred speech; cough; nasal stuffiness; 
sweating; tinnitus; blurred vision; infrequent reversible alopecia. The following adverse 
reactions have been reported in patients taking nadolol and/or other beta-adrenergic 
blocking agents, but no causal relationship to nadolol has been established. Central 
Nervous System — reversible mental depression progressing to catatonia; visual 
disturbances; hallucinations; an acute reversible syndrome characterized by disorientation 
for time and place; short-term memory loss, emotional lability with slightly clouded 
sensorium; decreased performance on neuropsychometrics. Gastrointestinal — 
mesenteric arterial thrombosis; ischemic colitis; elevated liver enzymes. Hematol 
agranulocytosis; thrombocytopenic or nonthrombocytopenic purpura. Allergic — fever 
combined with aching and sore throat; laryngospasm; respiratory distress. 
Miscellaneous — pemphigoid rash; hypertensive reaction in patients with pheochromo- 
cytoma; sleep disturbances; Peyronie's disease. The oculomucocutaneous syndrome 
associated with practolol has not been reported with nadolol. 

OVERDOSAGE: Nadolol can be removed from the general circulation by hemodialysis. 
In addition to gastric lavage, loy the following measures as appropriate. In determin- 
ing duration of i take note of long duration of effect of nadolol. 

es ; inister atropine (0.25 to 1.0 mg). If there is no response 
roterenol cautiously. 
digitalis glycoside and diuretic. It has been reported 
useful in this situation. 































phrine or levarterenol. ( There is 





ALIZED. 
; may be gradually increased in 40 
timum clinical response or pro- 





;us 
g daily may be needed). If treatment is to be discontinued, reduce dosage 
айу over a period of 1 to 2 weeks (see WARNINGS ). 
For hypertension, usual initial dose is 40 mg q.d.; gradually increase in 40 to 80 mg 
increments until optimum blood pressure reduction is achieved; usual maintenance dose 
is 40 or 80 mg q.d. (doses up to 240 or 320 mg daily may be needed ). 





Patients with renal failure require adjustment in dosing interval; see package insert for 


dosage in these patients. 

For full prescribing information, consult package insert. 
HOW SUPPLIED: In scored tablets containing 40, 80, 120, or 160 mg nadolol per tablet in 
bottles of 100 and 1000 tablets and in Unimatic* unit-dose packs of 100 tablets. 


References: 1. Alexander JC, et al: Long-term experience with nadolol in the treatment of 
hypertension and angina pectoris. Am Heart J October Supplement 108 (4):1136-1140, 
1984. 2. Data on file, Squibb Institute for Medical Research. 
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` CARDIOPROTECT гвар 


TIMOLOL MALEATE|MSD) | 


To reduce the risk of cardiovascular 1 
mortality and reinfarction in many | 








Stabilized patients who have 


NOW @ survived the acute phase of an MI 
































A Results from a major clinical study’ : 
Reduces sudden death by 44.6% (death within 24 hours) 
Reduces instantaneous death by 714% | 
(death occurring within a few seconds) à 
Reduces overall mortality by 394% 
Reduces reinfarction by 284906 
VE cur Е 004 «S e Pa pia 024 Б, Meo ر‎ 
It is recommended that treatment should be initiated within 1 to 4 weeks after infarction. 
Data are not available as to whether benefit would ensue if BLOCADREN is initiated later. 
1. The Norwegian Multicenter Study Group: Timolol-induced reduction in mortality and reinfarction in 
patients surviving acute myocardial infarction, N. Engl. J. Med. 304(14):801 -807 April 2, 1981. 
j а ста Exacerbation of Ischemic Heart Disease following Abrupt Withdrawal- 
Y Pd hi а asthma, а Hypersensitivity to catecholamines has been observed in patients withdrawn 
ys а, е 2 те th dee ecu from beta-blocker therapy; exacerbation of angina and, in some cases, myo- 
мен, а pu E eo cardial infarction have occurred after abrupt discontinuation of such therapy. 
any as күн ee be ycardia; When discontinuing chronically administered timolol maleate, particularly 
eal 7 pi doped "degree: Tu in patients with ischemic heart djsease, the dosage should be gradually 
ey Ы P ' as cardiac ^ we reduced over a period of one to two weeks, and the patient should be carefully 
(see elow); id ees shock; and monitored. If angina markedly worsens or acute coronary insufficiency develops, y 
bi iid Ад Lis эрг ^ timolol maleate administration should be reinstituted promptly, at least * 
, : vd eta, DOC гре оша be temporarily, апа other measures appropriate for the management of unstable E 
ر‎ oer congestive heart angina should be taken. Patients should be warned against interruption 4 
Ч ; eytan ре used, 4 Pap eaa or discontinuation of therapy without the physicians advice. Because coro- Р 
^ with caution in patients with a history nary artery disease is common and may be unrecognized, it may be prudent i 
D £ failure ү ег well compensated. not to discontinue timolol maleate therapy abruptly even in patients treated ў 
In patients without a history of cardiac only for hypertension 13 
failure, continued depression of the 4 
myocardium with beta-blocking In patients with nonallergic bronchospasm or with a history MSD ү 
agents over a period of time can, in of nonallergic bronchospasm (e.g., chronic bronchitis, emphysema), | — 
some cases, lead to cardiac failure. BLOCADREN should be administered with caution. SHARP: 
For a Brief Summary of Prescribing Information, please see next page of this advertisement. NME к 
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Ж f BLOCADREN is contraindicated in patients with bronchial 
| .. asthma, a history of bronchial asthma, or severe chronic 
R dA obstr ative pulmonary disease ie WARNINGS); sinus 
27 = brad cardia; second- and third-degree atrioventricular 

E ; overt cardiac failure (see WARNINGS); cardiogenic 
Pra ‘shock; ; hypersensitivity to this product. 


| S: 
Cardiac Failure: Sympathetic stimulation may be essentia! 
~- for support of the circulation in individuals with dimin- 
VERE ished myocardial contractility, and its inhibition by beta- 
` adrer оо receptor blockade may precipitate more severe 
- failure. Although beta blockers should be avoided in overt 
. . «congestive heart failure, they can be used, if necessary, 
. . with caution in patients with a history of failure who are 
— — well compensated, usually with digitalis and diuretics. 
E А, Both digitalis and timolol maleate slow AV conduction. If 
= Cardiac failure persists, therapy with BLOCADREN should 
Bi. be withdrawn. 
i In Patients without a History of Cardiac Failure: Contin- 
999 аре depression of the myocardium with beta-blocking 
-agents over a period of time сап, in some cases, lead to 
. . Cardiac failure. At the first sign or symptom of cardiac 
— failure, patients receiving BLOCADREN should be digita- 
est lized and/or be given a diuretic, and the response 
= — observed closely. If cardiac failure continues despite ade- 
- quate digitalization and diuretic therapy, BLOCADREN 
ER Should be withdrawn. 


-~ Exacerbation of Ischemic Heart Disease following 
 Abrupt Withdrawal -Hypersensitivity to catechol- 
amines has been observed in patients withdrawn 
— | from beta-blocker therapy; exacerbation of angina 
| and, in some cases, myocardial infarction have 
E occurred after abrupt discontinuation of such ther- 
apy. When discontinuing chronically administered 
timolol maleate, particularly in patients with ischemic 
heart disease, the dosage should be gradually 
Ds [ reduced over a period of one to two weeks and the 
Ne patient Should be carefully monitored. If angina 
_  — | markedly worsens or acute coronary insufficiency 
7; .| develops, timolol maleate administration should be 
| reinstituted promptly, at least temporarily, and other 
£3 7 measures appropriate for the management of unsta- 
. | ble angina should be taken. Patients should be 
3 "donde against interruption or discontinuation of 
m. apy without the physician's advice. Because cor- 
= | onary artery disease is common and may be unrec- 
` | ognized, it may be prudent not to discontinue timolol 
^al for hype therapy abruptly even in patients treated only 

- | for hypertension. 















































pe ` Nonallergic Bronchospasm: |n patients with nonallergic 
bronchospasm or with a history of nonallergic broncho- 
Te ^ BREN јер (e.g., chronic bronchitis, emphysema), BLOCA- 
` — DREN should be administered with caution since it may 
26 . block bronchodilation produced by endogenous and 
. exogenous catecholamine stimulation of beta, receptors. 


E Pee urgery: The necessity or desirability of withdrawal 
.— of beta-blocking therapy prior to major surgery is contro- 
.. . wersial. Beta-adrenergic receptor blockade impairs the 
. ability of the heart to respond to beta-adrenergically 
mediated reflex stimuli. This may augment the risk of 
` general anesthesia in surgical procedures. Some patients 
receiving beta-adrenergic receptor blocking agents have 
been subject to protracted severe hypotension during 
anesthesia. Difficulty in restarting and maintaining the 
heartbeat has also been reported. For these reasons, in 
$5 E patients undergoing elective surgery some authorities 
^. recommend gradual withdrawal of beta-adrenergic recep- 
... tor blocking agents. 
E^ HA |f necessary during surgery, the effects of beta- 
E ‚Ару ү blocking agents may be reversed by sufficient 
f E. 4 such agonists as isoproterenol, дате, dobu- 
. tamine, or levarterenol (see OVERDOSAGE). 


- Diabetes Mellitus: BLOCADREN should be administered 
"M with caution in patients subject to spontaneous hypogly- 
.. . cemia or to diabetic patients (especially those with labile 
- diabetes) who are receiving insulin or oral hypoglycemic 
| Ew agents. Beta-adrenergic receptor blocking agents may 
p E . mask the signs and symptoms of acute hypoglycemia. 


Ж  Thyrotoxicosis: Beta-adrenergic blockade may mask cer- 
tain clinical signs (e.g., tachycardia) of hyperthyroidism. 
. Patients suspected of developing thyrotoxicosis should be 
21 : managed carefully to avoid abrupt withdrawal of beta 
57604 blockade ач might precipitate a thyroid storm. 


E раи Hepatic or Renal Function: Since BLOC- 
N is partially metabolized in the liver and excreted 
mainly by the kidneys, dosage reductions may be neces- 
` sary when hepatic and/or renal insufficiency is present. 


E i bs (DU hem. of Marked Renal Failure: Marked 
, es have been seen in patients with 
ment undergoing (€ after 20- 
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doses ba: ore be 
“Minde Weakness: a ic hte has been 
reported to potentiate muscle weakness consistent with 
certain myasthenic symptoms (e.g., diplopia, ptosis, and 
generalized weakness). Timolol has been reported rarely 


to increase muscle weakness in some patients with myas- 
thenic symptoms. 


Drug Interactions: Close observation of the patient is 
recommended when BLOCADREN® (Timolol Maleate, 
MSD) is administered to prs receiving catecho- 
lamine-depleting drugs such as reserpine, because of 
possible additive effects and the production of hypoten- 
sion and/or marked bradycardia which may produce ver- 
tigo, syncope, or postural hypotension. 

Blunting of the antihypertensive effect of beta-adreno- 
ceptor blocking agents by nonsteroidal anti-inflamma- 
tory drugs has been reported. When using these agents 
concomitantly, patients should be observed carefully 
to confirm that the desired therapeutic effect has 
been obtained. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: In 
a two-year study of timolol maleate in rats, there was a 
statistically significant (p 0.05) increase in the incidence 
of adrenal pheochromocytomas in male rats administered 
300 times the maximum recommended human dose (1 
mg/kg/day). Similar differences were not observed in rats 
administered doses equivalent to 25 or 100 times the 
maximum recommended human dose. In a lifetime study 
in mice, there were statistically significant (p<0.05) 
increases in the incidence of benign and malignant pul- 
monary tumors and benign uterine polyps in female mice 
at 500 mg/kg/day, but not at 5 or 50 mg/kg/day. There 
was also a significant increase in mammary adenocar- 
cinomas at the 500-mg/kg/day dose. This was associated 
with elevations in serum prolactin which occurred in 
female mice administered timolol at 500 mg/kg, but not at 
doses of 5 or 50 mg/kg/day. An increased incidence of 
mammary adenocarcinomas in rodents has been asso- 
ciated with administration of several other therapeutic 
agents which elevate serum prolactin, but no correlation 
between serum prolactin levels and mammary tumors has 
been established in man. Furthermore, in adult human 
female subjects who received oral dosages of up to 60 
mg of timolol maleate, the maximum recommended 
human oral dosage, there were no Clinically meaningful 
changes in serum prolactin. 

There was a statistically significant increase (p<0.05) 
in the overall incidence of neoplasms in female mice at 
the 500-mg/kg/day dosage level. 

Timolol maleate was devoid of mutagenic potential 
when evaluated in vivo (mouse) in the micronucleus test 
and cytogenetic assay (doses up to 800 mg/kg) and /п 
vitro in a neoplastic cell transformation assay (up to 100 

ug/ml). In Ames tests the highest concentrations of 
timolol employed, 5,000 or 10,000 ,.g/plate, were asso- 
ciated with statistically significant elevations (pss 05) of 
revertants observed with tester strain TA100 (in seven 
replicate assays), but not in the remaining three strains. 
In the assays with tester strain TA100, no consistent dose 
response relationship was observed, nor did the ratio of 
test to control revertants reach 2. A ratio of 2 is usually 
considered the criterion for a positive Ames test. 

Reproduction and uua studies in rats showed no 
adverse effect on male or female fertility at doses up to 
150 times the maximum recommended human dose. 


Pregnancy – Category C: Should be used during preg- 
nancy only if the potential benefit justifies the potential 
risk to the fetus. 


Nursing Mothers: Because of the potential for serious 
adverse reactions from timolol in nursing infants, a deci- 
sion should be made whether to discontinue nursing or to 
discontinue the drug, taking into account the importance 
of the drug to the mother. 


Pediatric Use: Safety and effectiveness in children have 
not been established. 


ADVERSE REACTIONS: 

BLOCADREN is usually well tolerated in properly selected 

patients. Most adverse effects have been mild and transient. 
In a multicenter (12-week) clinical trial comparing timo- 

lol maleate and placebo, the following adverse reactions 

were reported spontaneously and considered to be caus- 

ally related to timolol maleate: 


Timolol Maleate Placebo 
(n= 176) (n= 168) 
% % 


BODY AS A WHOLE 
fatigue/tiredness 
headache 
chest pain 
asthenia 

CARDIOVASCULAR 
bradycardia 
arrhythmia 
syncope 
edema 

DIGESTIVE 
dyspepsia 
nausea 
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SKIN 
pruritus 
NERVOUS SYSTEM 
dizziness 23 
vertigo 0.6 
paresthesia 0.6 
PSYCHIATRIC 
decreased libido 0. 
RESPIRATORY 
dyspnea 1 
bronchial spasm 0 
0 


rales 

SPECIAL SENSES 
eye irritation 1.1 
tinnitus 0.6 


These data are representative of the incidence of 
adverse effects that may be observed in a properly 
selected hypertensive patient population, e.g., a group 
excluding patients with bronchospastic disease, con- 
gestive heart failure, or other contraindications to beta- 
blocker therapy. These adverse reactions can also occur 
in patients with coronary artery disease. 

п а different аер the coronary artery disease 
population, studied in the Norwegian multicenter trial 
(see CLINICAL PHARMACOLOGY), the frequency of the 
principal adverse reactions and the frequency with 
which these resulted in discontinuation of therapy in the 
timolol and placebo groups were: Í 

Adverse Reactiont Withdrawal 


Timolol Placebo Timolol Placebo 
MET QE esl de LA Ai. 
0 о 0 


96 
Asthenia or Fatigue 5 1 «1 «1 
Heart Rate 
<40 beats/minute 5 <1 4 <1 
PM Failure — Nonfatal 8 7 3 2 
ypotension 3 2 3 1 
monary Edema - Nonfatal 2 «1 «1 «1 
Aubin 3 3 1 «1 
AV Block 
2nd or 3rd degree «1 «1 «1 «1 
Sinoatrial Block «1 < «1 «1 
Cold Hands and Feet 8 «1 «1 0 
Nausea or Digestive 
Disorders 8 6 1 «1 
Dizziness 6 4 1 0 
Bronchial Obstruction 2 «1 1 «1 


tWhen an adverse reaction recurred in a patient, it is listed 
only once. 

Only principal reason for withdrawal in each patient is listed. 
These adverse reactions can also occur in patients treated for 
hypertension. 


The following additional adverse effects have been 


reported in clinical experience with the drug: Body as a 
Whole: extremity pain, decreased exercise tolerance, 
weight loss; Cardiovascular: cardiac failure, cerebral 
vascular accident, worsening of angina pectoris, wors- 
ening of arterial insufficiency, Raynaud's phenomenon, 
palpitations, vasodilatation; Digestive: gastrointestinal 
pain, hepatomegaly, vomiting, diarrhea, dyspepsia; 
Hematologic: nonthrombocytopenic Mut Endo- 
crine: hyperglycemia, hypoglycemia; Skin: rash, skin 
irritation, increased pigmentation, sweating; Muscu- 
loskeletal: arthralgia; Nervous System: local weakness; 
Psychiatric: depression, nightmares, somnolence, 
insomnia, nervousness, diminished concentration, hal- 
lucinations; Respiratory: cough; Special Senses: visual 
disturbances, diplopia, ptosis, dry eyes; Urogenital: 
impotence, urination difficulties. 

[here have been reports of retroperitoneal fibrosis in 
patients receiving timolol maleate and in patients receiv- 
ing other beta-adrenergic blocking agents. A causal rela- 
tionship between this condition and therapy with beta- 
adrenergic blocking agents has not been established. 

Potential Adverse Effects: In addition, a variety of 
adverse effects not observed in clinical trials with BLOCA- 
DREN® (Timolol Maleate, MSD), but reported with other 
beta-adrenergic blocking agents, should be considered 
potential adverse effects of BLOCADREN: Nervous Sys- 
tem: reversible mental depression progressing to catato- 
nia; an acute reversible syndrome characterized by 
disorientation for time and place, short-term memory 
loss, emotional lability, slightly clouded sensorium, and 
decreased performance on neuropsychometrics; Cardio- 
vascular: intensification of AV block (see CONTRAIN- 
DICATIONS); Digestive: mesenteric arterial throm- 
bosis, ischemic colitis; Hematologic: agranulocytosis, 
thrombocytopenic purpura; Allergic: erythematous 
rash, fever combined with aching and sore throat, laryn- 
gospasm and respiratory distress; Miscellaneous: 
reversible alopecia, Peyronie's disease. Multisystem 
syndrome reported with practolol. 

Clinical Laboratory Test Findings: Slight increases in 
blood urea nitrogen, serum potassium, and serum uric 
acid, and slight decreases in hemoglobin and hemato- 
crit occurred, but were not progressive or associated 
with clinical manifestations. 


MSD For more detailed information, consult your 
== MSD Representative and the Prescribing 
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CORONARY HEART DISEASE 


871 Acute Myocardial Infarction Treated with Intracoronary Streptokinase: A Report of the Society for 
Cardiac Angiography 


J. WARD KENNEDY, GOFFREDO G. GENSINI, GERALD C. TIMMIS, and CHARLES MAYNARD 


The Society for Cardiac Angiography maintains a registry of intracoronary streptokinase therapy (IC-SK) in pa- 
tients with acute myocardial infarction. Between July 1981 and August 1984, 1,029 patients were entered into 
the registry. The baseline and clinical characteristics of patients were determined, the early results of therapy 
evaluated, the baseline characteristics of those in whom reperfusion was achieved were compared with those 
in whom it was not. Multivariate discriminant analysis was used to identify the predictors of reperfusion and hos- 
pital mortality. The overall rate of reperfusion was 71.2%. Reperfusion was positively associated with hypoten- 
sion, absence of cardiogenic shock and early treatment. The hospital mortality for all patients was 8.2% and 
was higher for women and the elderly. The hospital mortality was significantly lower for patients in whom reper- 
fusion was achieved than in those in whom it was not (5.5% vs 14.7%, p <0.0001) and in several high-risk 
subgroups. Thus, IC-SK-induced coronary artery reperfusion significantly reduces hospital mortality in high-risk 
patients with acute myocardial infarction. High-risk patients in whom reperfusion is not achieved with IC-SK ther- 
apy should be considered for early coronary angioplasty or coronary artery bypass surgery. 


878 Intravenous Urokinase in Acute Myocardial Infarction 


DETLEF G. MATHEY, JOACHIM SCHOFER, FLORENCE H. SHEEHAN, HARALD BECHER, 
VOLKMAR TILSNER, and HAROLD T. DODGE 


To achieve reperfusion early, an intravenous bolus of 2 million units of urokinase was administered in 50 patients 
with acute myocardial infarction 1.8 + 2.5 hours after the onset of symptoms. Acute coronary angiography, per- 
formed 1.1 + 0.6 hours after urokinase therapy, revealed patent coronary arteries in 6096. Failure of reperfusion 
was not related to the degree of systemic fibrinolytic activity. Wall motion at the infarct site at follow-up cathe- 
terization was significantly better among patients in whom reperfusion was achieved than in those in whom it 
was not, but only when urokinase was given within 2 hours after the onset of symptoms. The peak serum cre- 
atine kinase level was lower in patients in whom reperfusion was achieved than in those in whom it was not (802 
vs 1,973 U/liter, p < 0.005). Urokinase bolus injection was well tolerated by all patients. In conclusion, thrombol- 
ysis with an intravenous bolus injection of urokinase is effective and safe and can be used to rapidly achieve re- 
perfusion in the short time interval during which salvage of myocardium is more likely to occur. 


883 Factors that Determine the Direction and Magnitude of Precordial ST-Segment Deviations During 
Inferior Wall Acute Myocardial Infarction 


ALLAN S. LEW, JAMSHID MADDAHI, PREDIMAN K. SHAH, A. TEDDY WEISS, THOMAS PETER, 
DANIEL S. BERMAN, and WILLIAM GANZ 


In 61 patients admitted with a first inferior acute myocardial infarction, there was a weak inverse linear correla- 
tion betwen the magnitudes of inferior ST-segment elevation and precordial ST-segment depression (г = —0.46, 
p <0.001). Precordial ST-segment depression was significantly attenuated in the presence of concomitant right 
ventricular (RV) involvement and increased in the presence of concomitant lateral left ventricular (LV) wall in- 
volvement. In the 24 patients who had neither RV nor lateral LV wall involvement, there was a strong inverse lin- 


. ear correlation between the magnitudes of interior and precordial ST-segment changes (r — —0.89, p <0.001). 


Continued on Page A21 
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Many anxious patients 
have cardiovascular 
symptoms of anxiety. 
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Xanax rapidly relieves anxiety... 


In double-blind, four-week clinical trials 
in 976 patients with moderate to severe 
anxiety, therapy with XANAX was com- 
pared with placebo! 

XANAX was significantly more effec- 
tive (p<O0.001) than placebo in relieving 
the anxiety, with over half ofthe patients 
showing marked to moderate improve- 
ment by the first evaluation period (one 
week). 


... including cardiovascular 
symptoms of anxiety... 


Most patients in the study had cardio- 


vascular symptoms even though cardio- 


vascular disease was ruled out. XANAX 

was shown to effectively relieve anxiety 

including the accompanying cardiovas- 
cular symptoms. 








0 WEEK 4 


...and depressive 
symptoms of anxiety. 


Over 70% of these patients experienced 
moderate to severe depressed mood. 
XANAX was shown to be significantly 
more effective (р‹0.014) than placebo in 
improving depressed mood. 


| Cohn JB: Multicenter double-blind efficacy and safety study comparing alprazolam. 
diazepam and placebo in clinically anxious patients. | Clin Psychiatry 1981:42:347-35] 


Xanax: 


alprazolam @ 





The Upjohn Company : Kalamazoo, Michigan 49001 USA 
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S Et dors. Caution patients againsth rdous occupations ПР T AIT BUND: ETT ч) E З S OCA Т у." 
nplete mental alertness and about the simultaneous ingestion of men r^ xg E 
other CNS depressant drugs. ^ 
azepines can cause fetal harm in pregnant women. Warn patients of 


p to the fetus Avoid during the first trimester ADVERTISING NR Sore 
ас sage of XANAX Tablets should be reduced or withdrawn grad- REPRESENTATIVES NT. „28 


thdrawal seizures have been reported upon abrupt withdrawal. If AES = 



















































ntiation (See Drug Interaction section.) Exercise the usual precautions NEW YORK v 

ze Of the prescription for depressed or suicidal patients. In elderly | i Mr 
tated patients, use the lowest possible dosage (See Dosage and Laurence E. Cummins, 212-605-9626 E ў УЗ 
tion.) Observe the usual precautions in treating patients with impaired Robert C. Weidner, 212-605-9624 "Wa: 
{ ЕР кшн Alert patients about: (a) consumption of alcohol and VP TURN ANGERS: | | e 
en и п 2l 3 
ossible fetal abnormalities, (c) operating machinery or driving, (d) not New York, N.Y. 10022 : "i 62 
ing dose of the drug due to risk of dependence, (e) not stopping the drug | „АИ 
y. Laboratory Tests: Not ordinarily required in otherwise healthy patients. 1 
Actions: Additive CNS depressant effects with other psychotropics. anti- n: 
ants, antihistamines, ethanol and other CNS depressants. Pharma- CHICAGO ann 
teractions with benzodiazepines have been reported. Drug/Laboratory | | i 
ns: No consistent pattern for a specific drug or specific test Carcinogenesis, — Wyman Carey, 312-938-2928 2 ; 
Impairment of Fertility: No carcinogenic potential or impairment of Я 303 E. Wacker Dr., EE 
rats. Pregnancy: See Warnings. Nonteratogenic Effects: The child born of a 3 Illinois Center Bldg. ' T AN 
benzodiazepines may be at some risk for withdrawal symptoms and _ Chicago. III. 60601 ce Sey 
iccidity Labor and Delivery: No established use. Nursing Mothers: 90,11. к ў i 
pines are excreted in human milk. Women on XANAX should not | ^ B Ú 
tric Use: Safety and effectiveness in children below the age of 18 have А 
: established. 
E REACTIONS HOUSTON М E 


fects are generally observed at the beginning of therapy and usually dis- Dick Sheehan, 713-981-4090 


e 


r with continued medication. In the usual patient. the most frequent side 2 
е likely to be an extension of the pharmacological activity of XANAX. 8515 Fondren Road, 


poe or lightheadedness. Houston, Texas 77074 
tervous system: Drowsiness. lightheadedness, depression, headache. 


1 insomnia nervousness. syncope, dizziness, akathisia. and tiredness/ 
nlestinal Dry mouth. constipation. diarrhea, nausea/vomiting, and ATLANTA 


Е lar Tachycardia/palpitations, and hypotension. Robert H. Powell, Jr., 404-633-5112 
slurred vision. 4 Executive Park Drive, N.E., 


letal: Rigidity and tremor. 
us: De О a a . Atlanta, Ga. 30329 


xia ue of ا‎ ie sedation, slurred ree dd SAN FRANCISCO 
irregularities. incontinence and urinary retention. | Marjorie Hauschild, 415-981-2594 


ас xical reactions such as stimulation. agitation, increased muscle spasticity, | 582 Market St., 
à bances. and hallucinations may occur. Should these occur discontinue ` San Francisco, Calif. 94104 





1g pt olonged treatment. periodic blood counts. urinalysis. and blood Production Manager: Marty Schlessel 
Nor advisable. Minor EEG changes. of unknown significance. Telephone: 212-605-9776 d 
ABUSE AND DEPENDENCE Reprints Manager: Herbert V. Paureiss, Jr. г 
and Psychological. Dependence: Withdrawal symptoms have occurred follow- Telephone: 212-605-9625 А, 
pt discontinuance of benzodiazepines. Withdrawal seizures have oc- | ^ 
yon rapid decrease or abrupt discontinuation of therapy. In all patients. Technical Publishing E 
uld be gradually tapered under close supervision. Patients with a i оаа TAE 
' seizures or epilepsy should not be abruptly withdrawn from XANAX. FA "09 
\ prone individuals should be under careful surveillance. Controlled 875 Third Ave., N.Y., N.Y. 10022 3 
Ne a d XANAX is a controlled substance and has been assigned to РТО от ИТ a RO AUN CHAR President д, 
E ui ROBERT L. DICKSON .......... Executive Vice President ^ 
tn ME ADMINISTRATION ks ROBERT T. BRAWN............. . Senior Vice President — —  . 3 
5 al starting dose is 0.25 to 0.5 mg, tid. Maximum total daily dose is | б ы 


| the elderly or debilitated. the usual starting dose is 0.25 mg. two or three TIM BURKHOLDER............... Senior Vice President 24 " 

daily Reduce dosage gradually when terminating therapy. by no more JOHN R. EMERY ...... M ate as Senior Vice President "AS LU * 
1 э nilligram every three days. | WALTER НАВВІМСТОМ ............................. ES. 
DN: FEDERAL LAW PROHIBITS DISPENSING WITHOUT fee ee ee eee Vice President/Finance and Administration — : 
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Thus, there is a reciprocal relation between inferior and precordial ST-segment changes during inferior acute | 
myocardial infarction, which is distorted by concomitant RV and lateral LV wall involvement. | 


a 889 Coronary Artery Reperfusion in Acute Myocardial Infarction: Assessment by Pre- and Postintervention 
Thallium-201 Myocardial Perfusion Imaging 


PATRICK M. DE COSTER, JACQUES A. MELIN, JEAN-MARIE R. DETRY, LUCIEN A. BRASSEUR, 
CHRISTIAN BECKERS, and JACQUES COL 


In a randomized trial of intracoronary streptokinase (STK) therapy in acute myocardial infarction, 44 patients (21 
control subjects and 23 patients treated with STK) underwent serial thallium-201 imaging: preangiographic, 4- 
hour redistribution, day 4 and week 6 scintigrams. Patients were classified according to the presence or absence 
of angiographic reperfusion of the infarct-related artery. Scintigrams were scored by dividing each image, in З 
views, into 5 segments, using a 4-point scoring scheme. Both in control and in STK-treated groups, thallium de- 
fect scores decreased over time, but this decrease was smaller in the control group (11% units) than in the STK NC 
group (2396 units). In patients in whom reperfusion was achieved (n — 26, 20 in the STK group and 6 in the con- P BÉ 
trol group), a marked decrease in thallium score was observed (2696 units), compared with a small decrease in з, 
patients in whom it was not (4% units). These results indicate that serial thallium imaging is an accurate method 
for assessing changes in myocardial perfusion after acute myocardial infarction. Restoration of thallium uptake 
was observed after reperfusion of the infarct-related artery whether this recanalization was spontaneous or ос- 
curred after successful thrombolysis. 


896 Importance of the Terminal Portion of the QRS in the Electrocardiographic Diagnosis of Inferior 
Myocardial Infarction 


ROBERT A. WARNER, JOSEPH BATTAGLIA, NORMA E. HILL, SAKTI MOOKHERJEE, and 
HAROLD SMULYAN 


The scalar electrocardiograms of 64 patients with inferior myocardial infarction (MI) and 87 normal subjects 
were analyzed to determine the respective contributions of the initial and terminal portions of the QRS to the di- 
agnosis of inferior MI. Delayed termination of the QRS in leads Il and Ill, as well as various Q-wave criteria were 
found to be useful for detecting MI. Combining the best terminal forces criterion with the Q-wave criteria and the 
best Q-wave criterion with the terminal forces criteria resulted in better sensitivities and overall diagnostic per- 
formances than those of the individual criteria. Analysis of the vectorcardiograms that were available on some 
subjects indicates that inferior MI tends to redirect terminal forces of ventricular depolarization. 
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900 Effects of Verapamil in Preventing Early Postinfarction Angina and Reinfarction 


> FILIPPO CREA, JOHN DEANFIELD, PETER CREAN, MOHD SHAROM, GRAHAM DAVIES, and 
ATTILIO MASERI 


A single-blind placebo-controlled trial was performed in 17 patients with transmural acute myocardial infarction 
to assess the effects of verapamil on angina and reinfarction after myocardial infraction. The study was terminat- 
ed because the results obtained in 8 patients taking verapamil and 9 patients taking placebo showed a similar 
number and duration of transient episodes of ST-segment elevation (46 vs 41 and 23 + 22 vs 17 + 15 minutes, 
respectively) and a similar incidence of reinfarction (4 patients in each group). Because verapamil is effective 
in the treatment of ‘‘pre-infarction’’ angina, these results indicate that the prevailing pathogenetic mechanisms 
of myocardial ischemia in the period after infarction could be different from those operating in angina before 
infarction. 
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905 Septal Q Wave in Exercise Testing: Evaluation by Single-Photon Emission Computed Tomography E 
RYUJI NOHARA, HIROFUMI KAMBARA, YUKISONO SUZUKI, SHUNICHI TAMAKI, KAZUNORI KADOTA, 3 

CHUICHI KAWAI, NAGARA TAMAKI, and KANJI TORIZUKA 4 

* 

Septal Q waves in lead Vs during exercise by single-photon emission computed tomography in 107 patients 4 

were evaluated. Patients were classified into 3 groups: group A (18 patients)—Tregression of Q-wave amplitude 4 

during exercise; group B (48 patients)—progression or no change of Q waves or new Q waves during exercise; E М 


a group C (41 patients)—no Q waves at rest and during exercise. Perfusion defects (PD) of the septum were calcu- 
P lated 3 dimensionally and expressed as percènt of total septal area. Ninety-four percent of group A patients 
showed septal perfusion defects (РО = 62 + 19%) during exercise and all of them had left anterior descending 
artery (LAD) stenosis. Only 7% of patients in group B showed small s ptal perfusion defects (PD = 12 + 9%) 
and LAD narrowing. In group C, 56% of patients had LAD lesions, of^which 91% showed large perfusion defects 
(PD = 52 + 1996). Late imaging revealed small perfusion defect /in:groups A (12+ 99%) апа В (6 + 8%) апа 
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I NDERAL (PROPRANOLOL HCl) 
MAKES A CRITICAL 
DIFFERENCE, 
POST-MI 


THE AMERICAN HEART ATTACK 
TRIAL PROVES INDERAL HAS 
THE POTENTIAL TO SAVE LIVES* 
INDERAL significantly improves post-MI 
survival. This has not been ызы: for all beta 
blockers. 

Only INDERAL has proven, in a major U.S. 
heart attack trial, that it can save lives. INDERAL 
therapy improved survival by 39% during 

the critical first year, and by 26% overall in this 
trial involving nearly 4,000 post-MI patients. 
When compared with placebo, the effect of 
INDERAL was sustained for the duration of the 
trial (an average of 25 months and a maximum 
of 59 months ). And this effect was consistent 
regardless of age, infarct location, previous MIs, 


or complications. |o! 


MORTALITY | 


»" 


*All study findings are excerpted from B-Blocker Heart 
Attack Trial Research Group: A randomized trial of pro- 
pranolol in patients with acute myocardial infarction. 
|. Mortality results. JAMA 1982;247:1707-1714. 
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72 “BRIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR.) 


Ba ee AN CLINICAL PHARMACOLOGY 
The Beta-Blocker Heart Attack Trial (BHAT) was a National Heart, Lung and Blood Institute- 
‘sponsored multicenter, randomized, double-blind placebo-controlled trial conducted in 31 
— US. centers (plus one in Canada) in 3,837 persons without history of severe congestive heart 
Ме failure or presence of recent heart failure; certain conduction defects; angina since infarction, 
» whohad survived the acute phase of myocardial infarction. Propranolol was administered at 
< either 60 or 80 mg t.i.d. based on blood levels achieved during an initial trial of 40 mg t.i.d. 
` Therapy with INDERAL, begun 5-21 days following infarction, was shown to reduce overall 
| mortality up to 39 months, the longest period of follow-up. This was primarily attributable to a 
| reduction in cardiovascular mortality The protective effect of INDERAL was consistent 
irdless of age, sex or site of infarction. Compared to placebo, total mortality was reduced 
it 12 months and 26% over an average follow-up period of 25 months. The Norwegian 
enter Trial in which propranolo! was administered at 40 mg q.i.d. gave overall results 
‘support the findings in the BHAT. 
Mthough the clinical trials used either t.i.d. or q.i.d. dosing, clinical, pharmacologic and 
rmacokinetic data provide a reasonable basis for concluding that b.i.d. dosing with pro- 
olol should be adequate in the treatment of post-infarction patients. 
CLINICAL: In the BHAT, patients on INDERAL were prescribed either 180 mg/day (8296 of 
patients) or 240 mg/day (18% of patients). Patients were instructed to take the medication 3 
| times a day at mealtimes. This dosing schedule would result in an overnight dosing interval of 
| 12 t0 14 hours which is similar to the dosing interval for a b.i.d. regimen. In addition, blood 
vem -samples were drawn at various times and analyzed for propranolol. When the patients were 
KN Jped into tertiles based on the blood levels observed and the mortality in the upper and 
lower tertiles were compared, there was no evidence that blood levels affected mortality 
_ PHARMACOLOGIC: Studies in normal volunteers have shown that a 90 mg b.i.d. regimen 
tains beta blockade at, or above, the minimum for 60 mg t.i.d. dosing for 24 hours even 
gh differences occurred at two time intervals. At 10-12 hours after the first dose of the day, 
d. dosing gave more beta blockade than b.i.d. dosing; at 20-24 hours the trend of the rela- 
^ tionship was reversed. These relationships were similar in direction to those observed for 
‘plasma propranolol levels (see Pharmacokinetic). 
PHARMACOKINETIC: A bioavailability study in normal volunteers showed that the blood 
m кое by 180 mg/day given b.i.d. are below those provided by the same daily dos- 
E де given t.i.d. at 10-12 hours after the first dose of the day but above those of a t.i.d. regimen 
| at 20-24 hours. However, the blood levels produced by b i.d. dosing were always equivalent 
— ` toor above the minimum for t.i.d. dosing throughout the 24 hours. In addition, the mean AUC 
~ onthe fourth day for the b.i.d. regimen was about 17% greater than for the t.i.d. regimen (1,194 
ў “vs. 1,024 ng/m hr). 
ET CONTRAINDICATIONS 
E INDERAL is contraindicated in 1) cardiogenic shock, 2) sinus bradycardia and greater than 
— first degree block, 3) bronchial asthma, 4) congestive heart failure (see WARNINGS) unless 
| the failure is secondary to a tachyarrhythmia treatable with INDERAL. 
бк WARNINGS 
CARDIAC FAILURE: Sympathetic stimulation may be a vital component supporting circula- 
A tory function in patients with congestive heart failure, and its inhibition by beta blockade may 
ED EN itate more severe failure. Although beta blockers should be avoided in overt conges- 
ez iv e heart failure, if necessary they can be used with close follow-up in patients with a history 
0 failure who are well compensated and are receiving digitalis and diuretics. Beta- 
adrenergic blocking agents do not abolish the inotropic action of digitalis on heart muscle. 
"PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of beta blockers 
‚їп some cases, lead to cardiac failure. Therefore, at the first sign or symptom of heart 
re, the patient should be digitalized and/or treated with diuretics, and the response 
rved closely or INDERAL should be discontinued (gradually if possible). 
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| IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
= | angina and, in some cases, myocardial infarction, following abrupt discontinuance of 

. Î INDERAL therapy Therefore, when discontinuance of INDERAL is planned the dosage 

- | should be gradually reduced over at least a few weeks and the patient should be cau- 

Ж ары interruption or cessation of therapy without the physician's advice. If 

_ INDERAL therapy is interrupted and exacerbation of angina occurs, it usually is advis- 

. able to reinstitute INDERAL therapy and take other measures appropriate for the man- 

` agement of unstable angina pectoris. Since coronary artery disease may be 

recognized, it may be prudent to follow the above advice in patients considered at risk 
zy ff having occult atherosclerotic heart disease who are given propranolol for other 
— | indications. 






















2 ar ae 
Pu RO Bronchospasm (o9: chronic bronchitis, emphysema)— PATIENTS WITH 
s RONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA BLOCKERS. 
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INDERAL (propranolol hydrochloride) should be administered with caution since it may block 
bronchodilation produced by endogenous and exogenous catecholamine stimulation of beta 
receptors. 

MAJOR SURGERY: The necessity or desirability of withdrawal of beta-blocking therapy 
prior to major surgery is controversial. It should be noted, however, that the impaired ability of 
the heart to respond to reflex adrenergic stimuli may augment the risks of general anesthesia 
and surgical procedures. 

INDERAL, like other beta blockers, is a competitive inhibitor of beta-receptor agonists and 
its effects can be reversed by administration of such agents, e.g., dobutamine or isopro- 
terenol. However, such patients may be subject to protracted severe hypotension. Difficulty in 
starting and maintaining the heartbeat has also been reported with beta blockers. 

DIABETES AND HYPOGLYCEMIA: Beta-adrenergic blockade may prevent the appear- 
ance of certain premonitory signs and symptoms (pulse rate and pressure changes) of acute 
hypoglycemia in labile insulin-dependent diabetes. In these patients, it may be more difficult 
to adjust the dosage of insulin. 

THYROTOXICOSIS: Beta blockade may mask certain clinical signs of hyperthyroidism, There- 
fore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms of 
hyperthyroidism, including thyroid storm. Propranolo! does not distort thyroid function tests. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been 
reported in which, after propranolol, the tachycardia was replaced by a severe bradycardia 
requiring a demand pacemaker. In one case this resulted after an initial dose of 5 mg 


propranolol. 

PRECAUTIONS 
General: Propranolol should be used with caution in patients with impaired hepatic or renal 
function. INDERAL is not indicated for the treatment of hypertensive emergencies. 

Beta-adrenoreceptor blockade can cause reduction of intraocular pressure. Patients 
should be told that INDERAL may interfere with the glaucoma screening test. Withdrawal may 
lead to a return of increased intraocular pressure. 

Clinical Laboratory Tests: Elevated blood urea levels in patients with severe heart disease, 
elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase. 

DRUG INTERACTIONS: Patients receiving catecholamine-depleting drugs such as reser- 
pine should be closely observed if INDERAL is administered. The added catecholamine- 
blocking action may produce an excessive reduction of resting sympathetic nervous activity 
which may result in hypotension, marked bradycardia, vertigo, syncopal attacks, or ortho- 
static hypotension. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term studies in animals have 
been conducted to evaluate toxic effects and carcinogenic potential. In 18-month studies in 
both rats and mice, employing doses up to 150 mg/kg/day, there was no evidence of signifi- 
cant drug-induced toxicity There were no drug-related tumorigenic effects at any of the dos- 
age levels. Reproductive studies in animals did not show any impairment of fertility that was 
attributable to the drug. 

Pregnancy: Pregnancy Category C. INDERAL has been shown to be embryotoxic in animal 
studies at doses about 10 times greater than the maximum recommended human dose. 

There are no adequate and well-controlled studies in pregnant women. INDERAL should 
be used during pregnancy only if the potential benefit justifies the potential risk to the fetus. 

Nursing Mothers: INDERAL is excreted in human milk. Caution should be exercised when 
INDERAL is administered to a nursing woman. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 
Most adverse effects have been mild and transient and have rarely required the withdrawal of 
therapy 

Cardiovascular: bradycardia; congestive heart failure; intensification of AV block; hypoten- 
sion; paresthesia of hands; thrombocytopenic purpura; arterial insufficiency, usually of the 
Raynaud type. 

Central Nervous System: Lightheadedness; mental depression manifested by insomnia, 
lassitude, weakness, fatigue; reversible mental depression progressing to catatonia; visual 
disturbances; hallucinations; an acute reversible syndrome characterized by disorientation 
for time and place, short-term memory loss, emotional lability, slightly clouded sensorium, 
and decreased performance on neuropsychometrics. 

Gastrointestinal: nausea, vomiting, epigastric distress, abdominal cramping, diarrhea, 
constipation, mesenteric arterial thrombosis, ischemic colitis. 

Allergic: pharyngitis and agranulocytosis, erythematous rash, fever combined with aching 
and sore throat, laryngospasm and respiratory distress. 

Respiratory: bronchospasm. 

Hematologic: agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic 
purpura. 

Auto-immune: In extremely rare instances, systemic lupus erythematosus has been 
reported. 

Miscellaneous: alopecia, LE-like reactions, psoriasiform rashes, dry eyes, male impo- 
tence, and Peyronie's disease have been reported rarely Oculomucocutaneous reactions 
involving the skin, serous membranes and conjunctivae reported for a beta blocker (practo- 
lol) have not been associated with propranolol. 

*The appearance of INDERAL tablets is a registered trademark of Ayerst Laboratories. 
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relatively large defects in group C (32 + 24%). In conclusion, septal Q waves appear to be valuable in assessing 
septal ischemia. 


“2 910 Usefulness of Transstenotic Coronary Pressure Gradient Measurements During Diagnostic 
Catheterization 
PETER GANZ, RICHARD ABBEN, PETER L. FRIEDMAN, J. DANIEL GARNIC, WILLIAM H. BARRY, and 
DAVID C. LEVIN 


A difficult problem in coronary arteriography is the assessment of the hemodynamic significance of stenoses 
that appear angiographically to be of only moderate severity (25 to 75% diameter narrowing). To try to deter- 
mine the significance of such lesions at the time of diagnostic catheterization, transstenotic Coronary pressure 
gradients were measured with a 2.0Fr fluid-filled catheter in 15 patients with angiographically moderate steno- 
ses and were compared with similar measurements made in 17 patients with severe stenoses (more than 75 % 
diameter narrowing). Mean transstenotic pressure gradients greater than 10 mm Hg at rest or greater than 20 
mm Hg under conditions of high coronary blood flow, induced by Renografin 76, appeared to be associated with 
objective evidence of myocardial ischemia and symptomatic relief with subsequent percutaneous transluminal 
coronary angioplasty. Transstenotic pressure gradient determination is valuable in selected patients with angio- 
graphically moderate stenoses. 


915 Prolonged Electrical Systole and QT > QS? Secondary to Coronary Artery Disease B : | 


a. HARISIOS BOUDOULAS, CHARLES A. BUSH, STEPHEN F. SCHALL, CARL V. LEIER, and 
RICHARD P. LEWIS 


AT ARIS 


QT greater than QS2 and QT prolongation are associated with a high incidence of sudden death in patients with 
coronary artery disease (CAD). Dyssynchronous depolarization-repolarization in the left ventricular (LV) myocar- 
dium may produce QT > QS; and long QT. Forty-one patients with LV aneurysm, 46 patients with a history of 
acute myocardial infarction (AMI) but no LV aneurysm and 52 patients with CAD but no previous AMI were stud- 
ied. The incidence of QT > QS; was significantly greater among patients with LV aneurysm (7196) than those 
with previous AMI (2296) and those with CAD but no previous AMI (2096) (p <0.0001). Likewise, the incidence 
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of long QT was significantly greater in patients with LV aneurysm (54% ) than in patients with previous AMI (7 96) P. 

and patients with CAD but no previous AMI (6%) (р <0.0001). QT > QS; and long QT in LV aneurysm most likely ; E 

is a result of dyssynchronous depolarization-repolarization in the area of LV aneurysm. 5 

E 

920 Prognosis with Chest Pain and Normal Thallium-201 Exercise Scintigrams ¥ 

| FRANK Х. PAMELIA, ROBERT S. GIBSON, DENNY D. WATSON, GEORGE В. CRADDOCK, м 
be JEAN SIROWATKA, and GEORGE A. BELLER ES 


The prognostic value of a normal thallium-201 (TI-201) scintigram in 349 patients with chest pain was studied. 
Follow-up was obtained in 345 patients (99%) from 8 to 45 months (mean 34.2 + 6.6). Of these, 60% were 
men, 2696 had typical angina, 2196 had chest pain during exercise testing, 29 96 were unable to achieve 2-85 % E 
of maximal predicted heart rate and 996 had ischemic ST depression (2 1.0 mm) during exercise. At the time of ў 
exercise testing, 45% меге taking nitrates and 38% were receiving а G-blocking drug. There were 5 cardiac 
deaths (0.51% /уеаг), 2 sudden, and 6 nonfatal myocardial infarctions (0.6196 /year). The prevalence of male Ё 
sex, typical angina, exercise-induced ST-segment depression or ап inability to achieve 285% of maximal heart 
rate was comparable between the group with chest pain and normal TI-201 scintigrams who had a cardiac event 3 
and those who experienced no events. Four other patients (1.1%) subsequently underwent coronary bypass sur- E 
gery. At follow-up, 3496 of patients were taking nitrates, 29 96 were receiving a 6-blocking drug and 54% had E 
persistence of chest pain. Patients with chest pain and normal TI-201 exercise scintigrams had a low cardiac ^ 
death and nonfatal infarction rate (1.196 /уеаг), which is comparable to that reported for patients with chest pain 
and angiographically normal coronary arteries. 
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927 Isosorbide Dinitrate and Glyceryl Trinitrate: Demonstration of Cross Tolerance in the Capacitance 
Vessels 
DANTE E. MANYARI, ELDON R. SMITH, and JANICE SPRAGG 


$ To clarify if cross tolerance between isosorbide dinitrate (ISDN) and nitroglycerin (GTN) develops in the venous У... 
system, regional (forearm ог splanchnic) blood volume changes before and after GTN were measured using E 
blood pool scintigraphy during a control stage and after 4 weeks of treatment with oral ISDN. Sublingual GTN in- A 
creased the average heart rate by 17% during control and by 7% during ISDN therapy (р <0.05), and decreased 3 


the systolic blood pressure by 1496 during control and by 7 ?6 during ISDN therapy (p <0.05). Regional blood vol- 
ume after GTN increased by 11 + 2% during control, but by only 3 + 1% during therapy with ISDN (p «: 0.05). 
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Continued on page A30 
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Before prescribing or administering, see package circular for full 
product information. The following is a brief summary. 


INDICATIONS AND USAGE 

Visken* (pindolol) is indicated in the management of hyperten- 
sion. It may be used alone or concomitantly with other anti- 
hypertensive agents, particularly with a thiazide type diuretic. 


CONTRAINDICATIONS 

Visken (pindolol) is contraindicated in: 1) bronchial asthma: 

2) overt cardiac failure; 3) cardiogenic shock; 4) second and 
third degree heart block; 5) severe bradycardia; (see Warnings). 


WARNINGS 
Cardiac Failure: Sympathetic stimulation may be a vital compo- 
nent supporting circulatory function in patients with congestive 


` heart failure, and its inhibition by beta-blockade may precipitate 


more severe failure. Although beta-blockers should be avoided 
in overt congestive heart failure, if necessary, Visken (pindolol) 
can be used with caution in patients with a history of failure who 
are well-compensated, usually with digitalis and diuretics. Beta- 
adrenergic blocking agents do not abolish the inotropic action of 
digitalis on heart muscle. 


In Patients Without A History of Cardiac Failure: In patients 
with latent cardiac insufficiency, continued depression of the 
myocardium with beta-blocking agents over a period of time 

Can in some cases lead to cardiac failure. At the first sign or 
symptom of impending cardiac failure, patients should be fully 
digitalized and/or be given a diuretic, and the response observed 
closely. If cardiac failure continues, despite adequate digitaliza- 
tion and diuretic, Visken (pindolol) therapy should be withdrawn 
(gradually if possible). 


Exacerbation of Ischemic Heart Disease Following Abrupt 
Withdrawal: Hypersensitivity to catecholamines has been 
observed in patients withdrawn from beta-blocker therapy; 
exacerbation of angina and, in some cases, myocardial infarc- 
tion have occurred after abrupt discontinuation of such therapy. 
When discontinuing chronically administered Visken (pindolol), 
particularly in patients with ischemic heart disease, the dosage 
should be gradually reduced over a period of one to two weeks 
and the patient should be carefully monitored. If angina mark- 
edly worsens or acute coronary insufficiency develops, Visken 
(pindolol) administration should be reinstituted promptly, at least 
temporarily, and other measures appropriate for the manage- 
ment of unstable angina should be taken. Patients should be 
warned against interruption or discontinuation of therapy 
without the physician's advice. Because coronary artery disease 
is common and may be unrecognized, it may be prudent not to 
discontinue Visken (pindolol) therapy abruptly even in patients 
treated only for hypertension. 


ep Bronchospasm (6-0. chronic bronchitis, emphy- 
sema)—Patients with Bronchospastic Diseases Should in 
General Not Receive Beta-Blockers: Visken (pindolol) should be 
administered with caution since it may block bronchodilation 
produced by endogenous or exogenous catecholamine stimula- 
tion of beta, receptors. 


Major Surgery: Because beta blockade impairs the ability of the 
heart to respond to reflex stimuli and may increase the risks of 
general anesthesia and surgical procedures, resulting in 
protracted hypotension or low cardiac output, it has generally 
been suggested that such therapy should be withdrawn several 
days pr to surgery. Recognition of the increased sensitivity to 
catecholamines of patients recently withdrawn from beta-blocker 
therapy, however, has made this recommendation controversial. 
If possible, beta-blockers should be withdrawn well before 
surgery takes place. In the event of emergency surgery, the 
anesthesiologist should be informed that the patient is on beta- 
blocker therapy. The effects of Visken® (pindolol) can be 
reversed by administration of beta-receptor agonists such as 
isoproterenol, dopamine, dobutamine, or levarterenol. Difficulty 
in restarting and maintaining the heart beat has also been 
reported with beta-adrenergic receptor blocking agents. 


Diabetes and Hypoglycemia: Beta-adrenergic blockade may 
prevent the appearance of premonitory signs and symptoms 
(е.0., ерисе and blood pressure changen) of acute hypo- 
glycemia. This is especially important with labile diabetics. Beta- 
blockade also reduces the release of insulin in response to 
hyperglycemia; therefore, it may be necessary to adjust the 
dose of antidiabetic drugs. 


Thyrotoxicosis: Beta-adrenergic blockade may mask certain 
clinical signs (e.g., tachycardia) of hyperthyroidism. Patients 
Suspected of developing thyrotoxicosis should be managed 
carefully to avoid abrupt withdrawal of beta-blockade which 
might precipitate a thyroid crisis. 


PRECAUTIONS 

Impaired Renal or Hepatic Function: Beta-blocking agents 
Should be used with caution in patients with impaired epatic or 
renal function. Poor renal function has only minor effects on 
Visken (pindolol) clearance, but poor hepatic function may 
cause blood levels of Visken (pindolol) to increase substantially. 


Information for Patients: Patients, especially those with 
evidence of coronary artery insufficiency, should be warned 
against interruption or discontinuation of Visken (pindolol) 
therapy without the physician's advice. Although cardiac failure 
rarely occurs in properly selected patients, patients being 
treated with beta-adrenergic blocking agents should be advised 
to consult the physician at the first sign or symptom of impend- 
ing failure. 


Drug Interactions: Catecholamine-depleting drugs (e.g., 
reserpine) may have an additive effect when given with beta- 


blocking agents. Patients receiving Visken (pindolol) plus a 


catecholamine depleting agent should, therefore, be closely 
observed for evidence of hypotension and/or marked 
bradycardia which may produce vertigo, syncope, or postural 
hypotension. 
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5-mg and 10-mg Tablets 


pindolol) 


Visken (pindolol) has been used with a variety*of antihyperten- 
sive agents, including hydrochlorothiazide, hydralazine, and 
guanethidine without unexpected adverse interactions. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: In 
chronic oral toxicologic studies (one to two years) in mice, rats, 
and dogs, Visken (pindolol) did not produce any significant toxic 
effects. In two-year oral carcinogenicity studies in rats and mice 
in doses as high as 59 mg/kg/day and 124 mg/kg/day (50 and 
100 times the maximum recommended human dose), respec- 
tively, Visken (pindolol) did not produce any neoplastic, preneo- 
plastic, or nonneoplastic pathologic lesions. In fertility and 
eneral reproductive performance studies in rats, Visken 
(bindolol) Caused no adverse effects at a dose of 10 mg/kg. 


In the male fertility and general reproductive performance test 
in rats, definite toxicity characterized by mortality and decreased 
weight gain was observed in the group given 100 mg/ kg/day. 

At 30 mg/kg/day, decreased mating was associated with 
testicular atrophy and/or decreased spermatogenesis. This 
response is not clearly drug related, however, as there was no 
dose response relationship within this experiment and no similar 
effect on testes of rats administered Visken (pindolol) as a 
dietary admixture for 104 weeks. There appeared to be an 
increase in prenatal mortality in males given 100 mg/kg but 
development of offspring was not impaired. 


In females administered Visken (pindolol) prior to mating 
through day 21 of lactation, mating behavior was decreased at 
100 mg/kg and 30 mg/kg. At these dosages there also was 
increased mortality of offspring. Prenatal mortality was 
increased at 10 mg/kg but there was not a clear dose response 
relationship in this experiment. There was an increased resorp- 
tion rate at 100 mg/kg observed in females necropsied on the 
15th day of gestation. 


Pregnancy—Category B: Studies in rats and rabbits exceeding 
100 times the maximum recommended human doses, revealed 
no embryotoxicity or teratogenicity. Since there are no adequate 
and well-controlled studies in pregnant women, and since 
animal reproduction studies are not always predictive of human 
response, Visken (pindolol), as with any drug, should be 
employed during pregnancy only if the potential benefit justifies 
the potential risk to the fetus. 


Nursing Mothers: Since Visken (pindolol) is secreted in human 
Nae nursing should not be undertaken by mothers receiving 
the drug. 


Pediatric Use: Safety and effectiveness in children have not 
been established. 


CLINICAL LABORATORY 

Minor persistent elevations in serum transaminases (SGOT, 
SGPT) have been noted in 7% of patients during Visken (pindo- 
lol) administration, but progressive elevations were not observed 
and liver injury has not been reported in the medical literature 
over a ten (10) year period of marketing. Alkaline phosphatase, 
lactic acid dehydrogenase (LDH) and uric acid are also elevated 
on rare occasions. The significance of these findings is unknown. 


ADVERSE REACTIONS 

Most adverse reactions have been mild. The incidences listed in 
the following table are derived from 12 week comparative 
double-blind, parallel design trials in hypertensive patients given 
Visken (pindolol) as monotherapy, given various active control 
drugs as monotherapy, or given placebo. Data for Visken 
(pindolol) and the positive controls were pooled from several 
trials because no striking differences were seen in the individual 
Studies, with one exception. The frequency of edema was 
noticeably higher in positive control trials (16% Visken (pindolol) 
vs 9% positive control) than in placebo controlled trials (6% 
Visken (pindolol) vs 3% placebo). The table includes adverse 
reactions reported in greater than 2% of Visken (pindolol) 
patients and other selected important reactions. 


Total (Volunteered and Elicited) 
Active 











Visken 
(pindolol) controls* Placebo 
Body System/ (N = 322) (N = 188) (М = 78) 
Adverse Reaction % % % 

Central Nervous System 

Anxiety 4 <1 1 

Bizarre or Many Dreams 8 3 8 

Dizziness 17 23 8 

Fatigue 15 19 12 

Hallucinations 1 0 0 

Insomnia 19 8 12 

Lethargy 6 і 

Nervousness 11 5 9 

Weakness 7 5 4 
Autonomic Nervous System 

Paresthesia 5 2 8 

Visual Disturbances 4 3 4 
Cardiovascular 

Dyspnea 9 8 9 

Edema 11 9 3 

Heart Failure 2 «1 0 

Palpitations 2 2 0 

Weight Gain 3 5 0 
Musculo-Skeletal 

Chest Pain 5 3 5 

Joint Pain 11 6 8 

Muscle Cramps 8 2 0 

Muscle Pain 12 12 9 
Gastrointestinal 

Abdominal Discomfort 7 7 

Nausea 7 4 1 
Skin 

Pruritus 2 «1 0 

Rash 2 3 3 


* Active Controls: Patients received either propranolol, a-methyldopa or a 
diuretic (hydrochlorothiazide or chlorthalidone). 
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More than 7 million patient- 
years of experience 


The following selected (potentially important) adverse reactions 
were seen in 2% or fewer patients and their relationship to 
Visken ои) is uncertain. AUTONOMIC NERVOUS SYSTEM: 
hyperhidrosis; CARDIOVASCULAR: bradycardia, claudication, 
cold extremities, heart block, урал, syncope, tachycar- 
dia; GASTROINTESTINAL: diarrhea, vomiting; RESPIRATORY: 
wheezing; UROGENITAL: impotence, pollakiuria; MISCELLANE- 
OUS: eye discomfort or burning eyes. 


POTENTIAL ADVERSE EFFECTS 

In addition, other adverse effects not listed above have been 
reported with other beta-adrenergic blocking agents and should 
be considered potential adverse effects of Visken (pindolol). 


Central Nervous System: Reversible mental depression 
progressing to catatonia; an acute reversible syndrome charac- 
terized by disorientation for time and place, short-term memory 
loss, emotional lability, slightly clouded sensorium, and 
decreased performance on neuropsychometrics. 


Cardiovascular: Intensification of AV block. See 
CONTRAINDICATIONS. 


Allergic: Erythematous rash; fever combined with aching and 
sore throat; laryngospasm; respiratory distress. 


Hematologic: Agranulocytosis; thrombocytopenic and non- 
thrombocytopenic purpura. 


Gastrointestinal: Mesenteric arterial thrombosis; ischemic 
colitis. 


Miscellaneous: Reversible alopecia; Peyronie’s disease. 


The oculomucocutaneous syndrome associated with the beta- 
blocker practolol has not been reported with Visken (pindolol) 
during investigational use and extensive foreign experience 
amounting to over 4 million patient-years. 


OVERDOSAGE 

No specific information on emergency treatment of overdosage 
is available. Therefore, on the basis of the pharmacologic 
actions of Visken (pindolol), the following general measures 
should be employed as appropriate in addition to gastric lavage: 


Excessive Bradycardia: administer atropine; if there is no 
response to vagal blockade, administer isoproterenol Cautiously. 


Cardiac Failure: digitalize the patient and/or administer diuretic. 
It has been reported that glucagon may be useful in this 
situation. 


Hypotension: administer vasopressors, e.g., epinephrine or 
levarterenol, with serial monitoring of blood pressure. (There is 
evidence that epinephrine may be the drug of choice.) 


Bronchospasm: administer a beta, stimulating agent such as 
isoproterenol and/or a theophylline derivative. 


A case of an acute overdosage has been reported with an intake 
of 500 mg of Visken (pindolol) by a hypertensive patient. Blood 
pressure increased and heart rate was > 80 beat/min. Recovery 
was uneventful. In another case 250 mg of Visken (pindolol) was 
taken with 150 mg diazepam and 50 mg nitrazepam, producing 
coma and hypotension. The patient recovered in 24 hours. 


DOSAGE AND ADMINISTRATION 

The dosage of Visken (pindolol) should be individualized. The 
recommended initial dose of Visken (pindolol) is 5 mg b.i.d. 
alone or in combination with other antihypertensive agents. An 
antihypertensive response usually occurs within the first week of 
treatment. Maximal response, however, may take as long as or 
occasionally longer than two weeks. If a satisfactory reduction 
in blood pressure does not occur within 3-4 weeks, the dose 
may be adjusted in increments of 10 mg per day at these 
intervals up to a maximum of 60 mg per day. 


HOW SUPPLIED 

White, round, scored tablets: 5 mg and 10 mg, packages of 
100. 5 mg tablets embossed "VISKEN 5" on one side, and 
“78-111” and scored on other side (NDC 0078-0111-05). 10 mg 
tablets embossed “VISKEN 10” on one side, and “78-73” and 
scored on other side (NDC 0078-0073-05). 
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Visken" 
(pindolol) 


A different kind of 
beta blocker 


Pharmaceutical Division 
iS SANDOZ, INC. 
East Hanover, NJ 07936 
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“What makes 
4 Visken  (pindolo)) 
different?” 


“Unlike most 
beta blockers, 
Visken (pindolol) 
Is the 
beta-active 
agent with 
dual action?” 





When you're 
asked about 
Visken therapy, 
you'll want 

to have 
tb the answers. 
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Johnson & Johnson has reshaped 
the future of Ultrasound. 


The formation of Johnson & 
Johnson Ultrasound Inc. has in- 
troduced a new philosophy 
concerning the field of echocar- 
diography. This philosophy of 
commitment to technological 
innovation, to quality and re- 
liability, and to continuous 
product refinement is embodied 
in the form of Meridian™ 


Meridian” is the phased array 
2-D imaging and Doppler system 
that brings to the everyday prac- 
tice of medicine virtually all that 
is known in echocardiography, 
in one single cardiodiagnostic 
center. Continuous Wave, 

Pulsed Wave and High-PRF 
Doppler have been functionally 
integrated with our new 


© Johnson & Johnson Ultrasound Inc., 1985. All rights reserved. 


Dynamic Range Doppler 
Simultaneously, Meridian" dis- 
plays smooth, real-time, two- 
dimensional images of extraordi- | 
nary quality, utilizing the break- 
through technology of Parallel 
Processing. 

This is the future of ultra- 
sound, reshaped by Johnson & 
Johnson in the form of the 





Meridian” This complete non- 
invasive diagnostic center prom- 
ises to be the most cost-effective 
means of acquiring, analyzing 
and reporting cardiodiagnostic 
data for many years to come. 

For complete information on 
the clinical capabilities of 
Meridian; please fill out and send 
to us the request form provided. 


p-—----------------- 
| 


IREX Cardiology Group 
| 69 Spring St., Ramsey, NJ 07446 


Please send information 

concerning: 

Г] Imaging capabilities 
of Meridian" 

O Doppler capabilities 


| 
| 
| 
| 
| 
| 
| of Meridian" 
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E .937 Detecting and Excluding Significant Left Main Coronary Artery Narrowing by Echocardiography 


PAUL J. BLOCK and RICHARD L. POPP 








Thus, partial but significant cross tolerance between ISDN and GTN develops in both the arterial and venous sys- 
tem in man. 


Ё 1 932 Improved Myocardial Contractility with Glucose-Insulin-Potassium Infusion During Pacing in Coronary 
Artery Disease 


HUEY G. McDANIEL, WILLIAM J. ROGERS, RICHARD O. RUSSELL, Jr., and CHARLES E. RACKLEY 


Infusion of glucose-insulin-potassium in 18 patients who underwent catheterization for coronary artery disease 
increased the dP/dt and cardiac index response to pacing 9 and 2%, respectively (p <0.05). This was associ- 
ated with a change in respiratory quotient, showing a switch from fat to carbohydrate use by the heart. Myocar- 
dial oxygen consumption in relation to the heart rate times the double product or dP/dt was unchanged during 
pacing and increased at rest with glucose-insulin-potassium. 


Two-dimensional echocardiography of the left main coronary artery was attempted in 50 patients undergoing an- 
giography. Adequate visualization of the vessel was possible in 37 of these patients (7496) and 10 results were 
suspected positive for stenoses. Four of these 10 results were true-positive and 6 were false-positive. In 27 
studies, interpreted as negative for left main coronary artery stenosis, 1 result was false-negative. Thus, 30 of 
37 patients were correctly categorized by this method. This study highlights both the high prevalence of false- 
positive results and the high predictive value (9696) of an echocardiographic response negative for left main 
coronary artery stenosis. 


941 Prognostic Significance of Progression of Coronary Artery Disease 


ALAIN MOISE, MARTIAL G. BOURASSA, PIERRE THÉROUX, YVES TAEYMANS, ANDRÉ PASTERNAC, 
LUCIEN CAMPEAU, MARC A. BOIS, IHOR DYRDA, and PAUL ROBERT DAVID 


The predictive value of angiographic progression of coronary artery disease on subsequent mortality and mor- 
bidity was analyzed in 313 patients who underwent cardiac catheterization twice 3 to 118 months (mean 39 + 
25) apart. At the time of their second catheterization, 139 (4496) patients demonstrated a progression in coro- 
nary atherosclerosis. During a 41 + 30-month follow-up, 33 deaths and 39 acute myocardial infarctions oc- 
curred. By univariate (log-rank) analysis, progression was associated with lesser chances of survival (p <0.01) 
and of survival without acute myocardial infarction (p <0.001). Cox's regression analysis was performed to ac- 
count for the ejection fraction and number of diseased vessels at the time of the second angiogram. Progression 
added little to these parameters for predicting survival (p = 0.076). However, progression remained an indepen- 
dent predictor of survival without acute myocardial infarction (p «0.01, relative risk — 2.28). 


948 Ventricular Arrhythmias Induced by Dynamic and Static Exercise in Relation to Coronary Artery 


Bypass Grafting 


HEIKKI V. HUIKURI, ULLA R. KORHONEN, and JUHA T. TAKKUNEN 


The effect of coronary artery bypass grafting (CABG) on arrhythmias induced by dynamic and isometric exercise 
was examined in 53 patients. Exercise-induced ventricular arrhythmias were detected preoperatively in 14 pa- 
tients (26%) and after CABG in 18 patients (3496). Nine patients had new exercise-induced ventricular arrhyth- 
mias after CABG, 8 (8976) of whom had had a previous myocardial infarction. The rate of graft patency or im- 
provement in exercise tolerance among patients with new postoperative arrhythmias did not differ from that 
among patients without exercise-induced arrhythmias after CABG. The results confirm previous experience that 
CABG has no influence on the occurrence of ventricular arrhythmias induced by physical exercise. Patients 
with a previous myocardial infarction appear to be prone to new ventricular arrhythmias despite successful 
revascularization. 


952 Correlation of Saphenous Vein Bypass Graft Angiograms with Histologic Changes at Necropsy 


` A30 


JAMES B. ATKINSON, MERVYN B. FORMAN, JAMES M. PERRY, and RENU VIRMANI 


A retrospective necropsy study was undertaken to determine if angiography reliably assessed the extent of lumi- 
nal narrowing in saphenous vein (SV) grafts. Nine patients had received 21 vein grafts 12 to 120 months before 
death. Three histologic changes were found in these vein grafts: atherosclerosis in 9, fibrointimal proliferation 
in 8 and fibrosis with total occlusion in 4. All patients had premortem angiograms 0 to 3 months (mean 0.8) be- 


Continued on page A37 


te 


i 
b Е . Tw 
(ats y Ӯ. р) 78 
a l ERN E pk 
ирак A eS AA е VLN 


429 


ka 


mÀ 


4 - 


VOX М #5: 


TW a 
Э 2% ‹ t 
36 =: 8 Eg EVEREST enu A 


HINK"TWICE" 











m~ 


RES ар x + 
i 


al. in 


D tA — b 
a, '1 ye ^, D ^ 
* ` 7 
SEA BE SAKE: 8 En 


M 4 
Pier Sle ug: anf. 


1 
Aer kiss ыл" 


v 
a] pe 
xo 


————————————— 












-mg aean 150-mg 12-HOUR CAPSULES 


The most commonly seen side effects of disopyramide 
- phosphate are anticholinergic, and the most severe are 
due to its negative inotropic properties. 


` Please see next page for a brief summary of the com- 
_ plete шерип in ormation. 
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РРОСАІМАМІРЕ 
NOPPace CR 
(disopyramide phosphate) 
CONTROLLED-RELEASE 100-mg and 150-mg 12-HOUR CAPSULES 
7:00 AM 7:00 PM 
ONCE IN THE AM ONCE IN THE PM 
Brief Summary 


. Before prescribing, please consult current complete prescribing information, a summary of which 
) follows: Indications: For suppression and prevention of recurrence of the following cardiac ar- 
` rhythmias: unifocal premature (ectopic) ventricular contractions; premature (ectopic) ventricular 


contractions of multifocal origin; paired premature ventricular contractions (couplets); and epi- 
sodes of ventricular tachycardia (persistent ventricular tachycardia is ordinarily treated with D.C. 
cardioversion). Norpace is equally effective in both digitalized and nondigitalized patients. It is 
also equally effective in treating primary cardiac arrhythmias and those which occur in association 


` with organic heart disease including coronary artery disease. Norpace CR should not be used 
_ initially if rapid establishment of disopyramide plasma levels is desired. Oral disopyramide phos- 


phate has not been adequately studied in patients with acute myocardial infarction or with per- 
sistent ventricular tachycardia or atrial arrhythmias and is not indicated for arrhythmias due to 
digitalis intoxication. The value of antiarrhythmic drugs in preventing sudden death in patients 
with serious ventricular ectopic activity has not been established. Contraindications: Cardiogen- 


-ic shock, preexisting second- or third-degree AV block (if no pacemaker is present), or known 


_ hypersensitivity to the drug. Warnings: Norpace or Norpace CR may cause or worsen 


. congestive heart failure (С 


or produce severe hypotension as a consequence of its 
negative inotropic properties. Hypotension has been observed primarily with primary car- 


` diomyopathy or inadequately compensated CHF. Norpace ог Norpace CR should not be 
- used in patients with uncompensated or marginally compensated CHF or hypotension 


unless the condition is secondary to cardiac arrhythmia. Patients with a history of heart 


> failure may be treated with Norpace or Norpace CR, but careful attention must be given to 


maintaining cardiac function, including optimal digitalization. If hypotension occurs or 


- CHF worsens, Norpace or Norpace CR should be discontinued and, if necessary, restarted 
 atalower dosage only after adequate cardiac compensation has been established. Nor- 


pace or Norpace CR should be discontinued if significant widening (greater than 25%) of 
the QRS complex occurs. Prolongation of the Q-T interval (corrected) and worsening of the 


 arrhythmia may occur. Patients who have evidenced prolongation of the Q-T interval in 
. response to quinidine may be at particular risk. If Q-T prolongation greater than 25% is 


observed and if ectopy continues, the patients should be monitored closely, and discontin- 
uation of Norpace or Norpace CR considered. In rare instances significant Lid ato ch 
has been reported during Norpace therapy. The concomitant use of Norpace or Norpace CR 
with other Type 1 antiarrhythmic agents and/or propranolol should be reserved for patients 


_ with life-threatening arrhythmias who are demonstrably unresponsive to single agent an- 


tiarrhythmic therapy. Such use may produce serious negative inotropic effects, or may 


excessively prolong conduction. Patients eee’ than one antiarrhythmic drug 
` must be carefully monitored. If first-degree heart 
` ог Norpace CR should be reduced. If the block persists, continuation of Norpace or 


lock develops, the dosage of Norpace 


Norpace CR must depend upon an assessment of benefit versus risk. Development of 


` second- or third-degree AV block or uni-, bi-, or trifascicular block requires discontinuation 
of drug unless the ventricular rate is adequately controlled by a pacemaker. Because of its 


anticholinergic activity, disopyramide phosphate should not be used in patients with glau- 
coma, myasthenia gravis or urinary retention, unless adequate overriding measures are 
taken. In patients with a family history of glaucoma, intraocular pressure should be meas- 
ured before initiating Norpace or Norpace CR therapy. Precautions: Patients with atrial flutter 
or fibrillation should be digitalized prior to Norpace or Norpace CR administration to ensure that 
drug-induced enhancement of AV conduction does not allow a ventricular rate beyond physiologi- 
cally acceptable limits. The effect of Norpace or Norpace CR is presently uncertain in patients 
with sick sinus syndrome, Wolff-Parkinson-White syndrome, or bundle branch block. Patients 
with myocarditis or other cardiomyopathy may develop significant hypotension in response to 
the usual dosage of disopyramide phosphate. Therefore, a loading dose of Norpace should not 
be given to such patients, and initial dosage and subsequent dosage adjustments should be made 
under close supervision. Norpace dosage should be reduced in patients with impaired renal or 
hepatic function and the electrocardiogram carefully monitored for signs of overdosage. Norpace 
CR is not recommended for patients with severe renal insufficiency. Antiarrhythmic drugs may be 
ineffective in patients with hypokalemia, and their toxic effects may be enhanced in patients with 
hyperkalemia. Therefore, potassium abnormalities should be corrected before starting Norpace 
or Norpace CR therapy. Concomitant administration of disopyramide phosphate with phenytoin 
or other hepatic enzyme inducers may cause lower disopyramide plasma levels. Safe use in preg- 
nancy has not been established. Disopyramide has been found in human fetal blood. Norpace 
has been reported to stimulate contractions of the pregnant uterus. Use of Norpace or 
Norpace CR in pregnant women requires that the potential benefit be weighed against possible 
hazards to the fetus. Effects of Norpace or Norpace CR on the fetus during delivery or on the 
course of labor and delivery are unknown. Following oral administration, disopyramide has been 
found in human milk at a concentration not exceeding that in plasma. If use of the drug is deemed 
essential, an alternate method of infant feeding should be instituted. Adverse Reactions: Dry 
mouth, urinary hesitancy, constipation, blurred vision, dry nose/eyes/throat, urinary retention 
especially in males with benign prostatic hypertrophy, urinary frequency and urgency, impotence, 
nausea, pain/bloating/gas, anorexia, diarrhea, vomiting, nervousness, dizziness, general fatigue/ 
muscle weakness, headache, malaise, aches/pains, hypotension, congestive heart failure, car- 
diac conduction disturbances, edema/weight gain, shortness of breath, syncope, chest pain, 
generalized rash/ dermatoses, itching, hypokalemia, elevated cholesterol/triglycerides, depres- 
sion, insomnia, ‘dysuria, numbness/tingling, elevated liver enzymes, AV block, elevated BUN, 
elevated creatinine, decreased hemoglobin/hematocrit, and hypoglycemia. Acute psychosis, 
cholestatic jaundice, and agranulocytosis, all three reversible, have been reported, as have fever, 
respiratory difficulty, thrombocytopenia, and gynecomastia. Dosage and Administration: Dos- 
age must be individualized on the basis of response and tolerance. The usual adult dosage is 400 
to 800 mg/day given in divided doses: q6h for Norpace and q12h for Norpace CR. See current 
complete prescribing information for dosage recommendations. 
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Address medical inquiries to: 
G.D. Searle & Co. 





SEA RL E Searle & Co. Medical Communications Department 
г 4.687 | San Juan, PR 00936 Box 5110, Chicago, IL 60680 
i AR? й 77 1-0 ГОУ др ЫҢ 





Initial therapy should start 
the right course. 


, туд 


Ш я 


Yo 


ICI a e ee мна com 


E 


E 








2 





hypertensive patients 


Minipress° for initial therapy 

(prazosin НСІ) 

ш Is effective when used alone 

ш Does not cause a significant incidence of sexual 
impotence, although it has been reported! 

ш Does not adversely affect blood lipids*? 

= Does not lower heart rate, cardiac output or work 
capacity? 

ш Does not induce potassium wasting! 

= Most common side effects with Minipress, 
generally mild and transient, are dizziness, 
headache, drowsiness, palpitations, and nausea. 
Syncope (sudden loss of consciousness) has been 
reported in about 0.15% of patients at the 
recommended initial dose of 1 mg. 





*Minipress is not indicated for the treatment of hyperlipidemia. 
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Please see Minipress brief summary on following page © 1983, Pfizer Inc. 
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Î The Most Ex Compilation of Information 
on Heart Valve Replacement Available Today! 
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Brief Summary 

MINIPRESS* (Кини n) Capsules For Oral Use 
INDICATIONS: MINIPRESS (prazosin hydrochloride) is indicated in the treat- 
ment of hypertension. As an antihypertensive drug, it is mild to moderate in activ- 
ity. It can be used as the initial agent or it may be employed in a general treatment 
program in conjunction with a diuretic and/or other antihypertensive drugs as 
needed for proper patent response. 

WARNINGS: Minipress may cause syncope with sudden loss of conscious- 
ness. In most cases this is believed to be due to an excessive postural hy- 
potensive effect, although occasionally the syncopal episode has been 
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p by a bout of severe tachycardia with heart rates of 120—160 Mew 
beats per minute. Syncopal episodes have usually occurred within 30 to | 

90 minutes of the initial dose of the drug; occasionally they have been re- 
ported in association with rapid dosage increases or the introduction of 
another уиме drug into the regimen of a patient taking high 


. doses of MINIPRESS. The incidence of syncopal episodes is Ши 

mately 1% in patients given an initial dose of 2 mg or greater. Clinical 
trials conducted during the investigational phase of this drug suggest that 
syncopal episodes can be minimized by limiting the initial dose of the 
drug to 1 mg, ы subsequently increasing the dosage slowly, and by intro- 
ducing any additional antihypertensive drugs into the patient’s regimen 
with caution. (See DOSAGE AND ADMINISTRATION.) Hypotension may 
develop in patients given MINIPRESS who are also receiving a beta- 
blocker such as propranolol. 

If syncope occurs, the patient should be placed in the recumbent position and 


This valuable new clinical reference provides a detailed update on many aspects of 
mechanical heart valve prostheses, including hemodynamics, clinical results, results in 
children, non-invasive assessments, special indications, and implant techniques. Each 

topic is presented in an easily understood style and format which facilitate the com- 
treated supportively as necessary. This adverse effect is self-limiting and in most prehension of recent developments in heart valve replacement for the busy clinician. 
е чаан алайн а of dug suosequent dose Each chapter is written by internationally respected physicians and medical scientists 
uns Cad always be started on the аюв of MINIPRESS. The 2 each of whom is pre-eminent in his field. All of the information has been co-ordinated 

More common than loss of consciousness are the symptoms often associated by Dr. DeBakey to produce a very readable and informative volume on the state-of-the- 
art of heart valve replacement with mechanical prostheses. No cardiologist, cardio- 


with lowering of the blood pressure; namely, dizziness and lightheadedness. The 
patient should be cautioned about these possible adverse effects and advised what $ А k ; 

vascular surgeon, internist, or bioengineer can afford not to be knowledgeable about 
the information in this book. 


measures to take should they develop. The patient should also be cautioned to 
avoid situations where injury could result should syncope occur during the initi- 
ation of MINIPRESS Шаар 

Usage in Pregnancy: eves no teratogenic effects were seen in animal 
testing, the safety of MINIPRESS in pregnancy has not been established. 
MINIPRESS is not recommended in pregnant women unless the potential benefit 
outweighs potential risk to mother and fetus. 
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eee No Clinical experience is available with the use of INTRODUCTION— PART IV 
ADVERSE REACTIONS: The most common reactions associated with Michael E. DeBakey, MD Special Indications with Cardiac Valves 
MINIPRESS therapy are: dizziness 10.3%, headache 7.8%, drowsiness 7.6%, lack PART | PART V 
of energy 6.9%, weakness 6.5%, palpitations 5.3%, and nausea 4.9%. In most 
instances side effects have disappeared with continued therapy or have been tol- General Overview of Cardiac Valves Impl ant Techniques 
erated with no decrease in dose of drug 
The baring reactions have been associated with MINIPRESS some o pec PART 1! PART VI 
rarely. (In some instances exact causal relationships have not been established. Н А А 
Gastrointestinal: vomiting, diarrhea, constipation, abdominal discomfort and/ General Overview of the St. Jude Medical Cardiology 
or pain. Heart Valve PART VII 
Cardiovascular: edema, dyspnea, syncope, tachycardia. . 
Central Nervous System: nervousness, vertigo, depression, paresthesia PART Ill Hemodynamics 


Dermatologic: rash, pruritus, alopecia, lichen planus. 

Genitourinary: urinary frequency, incontinence, impotence, priapism. 

EENT: blurred vision, reddened sclera, epistaxis, tinnitus, dry mouth, nasal 
congestion. 

Other: diaphoresis. 

Single reports of pigmentary mottling and serous retinopathy, and a few reports 
of calaract development or disappearance have been reported. In these instances 


Valve Implantation in Children 


CONTRIBUTORS INCLUDE 





Mauro Abbate P. Di Francesco Thomas E. Kersten Giovanni Paolini 


the exact causal relationship has not been established because the baseline ob- 
servations were frequently inadequate. 

In more specific slit-lamp and funduscopic studies, which included adequate 
baseline examinations, no drug-related abnormal ophthalmological findings have 
been reported. 

DOSAGE AND ADMINISTRATION: The dose of MINIPRESS should be adjusted 
according to the patient's individual blood pressure response. The following is a 
guide 10 its administration: 

Initial Dose: 1 mg two or three times a day. (See WARNINGS.) 

Maintenance Dose: Dosage may be slowly increased to a total daily dose of 
20 mg given in divided doses. The therapeutic dosages most Ae employed 
have ranged from 6 mg to 15 mg daily given in divided doses. Doses higher than 
20 mg usually do not increase efficacy; however a few patients may benefit from 
further increases up to a aei dose of 40 mg given in divided doses. After initial 
titration some patients can be maintained adequately on a twice daily dosage 
regimen. 

Use With Other Drugs: When adding a diuretic or other antihypertensive 
agent, the dose of MINIPRESS should be reduced to 1 mg or 2 mg three times a 
day and retitration then carried out. 

OVERDOSAGE: Accidental ingestion of at least 50 mg of MINIPRESS in a two 
year old child resulted in profound drowsiness and depressed reflexes. No de- 
crease in blood pressure was noted. Recovery was uneventful 
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Should overdosage lead to hypotension, support of the cardiovascular system 
is of first importance. Restoration of blood pressure and normalization of heart 
rate may be accomplished by keeping the patient in the supine position. If this 
measure is inadequate, shock should first be treated with volume expanders. If 
necessary, vasopressors should then be used. Renal function should be monitored 
and supported as needed. Laboratory data indicate MINIPRESS is not dialysable 
because it is protein bound. 

TOXICOLOGY: Testicular changes, necrosis and atrophy have occurred at 25 mg; 
kg/day (60 times the usual maximum recommended dose of 20 mg per day in hu- 
mans) in long term (one year or more) studies in rats and dogs. No testicular 
changes were seen in rats or dogs at the 10 mg/kg/day level (24 times the usual 
maximum recommended dose of 20 mg per day in humans). In view of the testic- 
ular changes observed in animals, 105 patients on long term MINIPRESS 
(prazosin hydrochloride) therapy were monitored for 17-ketosteroid excretion and 
no changes indicating a drug effect were observed. In addition, 27 males on 
MINIPRESS (prazosin hydrochloride) alone for up to 51 months did not demon- 
strate I in sperm morphology suggestive of drug effect. 

HOW SUPPLIED: MINIPRESS is available in 1 mg (white #431), 2 mg (pink and 
white #437) capsules in bottles of 250, 1000, and unit dose institutional pack- 
2 of 100 (10 x 10's); and 5 mg (blue and white #438) capsules in bottles of 
250, 500 and unit dose institutional packages of 100 (10 x 10's). 

More detailed information available on request. 
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fore death. In 14 of the 21 grafts, premortem angiograms accurately reflected the postmortem findings. In 7 
grafts, the premortem angiograms overestimated (4 grafts) or underestimated (3 grafts) the extent of luminal nar- 
rowing. Six of the 7 vein grafts that had been incorrectly assessed by angiography had fibrointimal proliferation 

e. and 1 was atherosclerotic. Smooth muscle in the intima of SV implants with fibrointimal proliferation may pro- 
duce spasm or dilatation at angiography, resulting in incorrect assessment of graft occlusion. Drugs used to de- 
tect coronary artery spasm may have a role in evaluating patency of SV graft implants by angiography. 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


956 Flecainide: Electrophysiologic and Antiarrhythmic Properties in Refractory Ventricular Tachycardia 


EDWARD V. PLATIA, М.А. MARK ESTES, DONALD L. HEINE, LAWRENCE S.C. GRIFFITH, 
HASAN GARAN, JEREMY N. RUSKIN, and PHILIP R. REID 


Twenty-two patients with coronary artery disease and spontaneous ventricular tachycardia (VT) or ventricular 
fibrillation underwent intracardiac electrophysiologic evaluation and Holter monitoring before and after oral fle- 
cainide (mean dose 418 + 87 mg). After flecainide, Holter monitoring showed elimination of all VT forms in all 
but 3 patients, as well as significant reduction of paired ventricular premature complexes by 9596 (p <0.03) and 
single ventricular premature complexes by 70% (p <0.005). Programmed stimulation during therapy with fle- 
cainide in 17 patients, however, with a mean plasma level of 1,075 + 521 ng/ml, resulted in the ablation of in- 
ducible VT in only 2 patients and a worsening in 7, with continued VT inducibility in 15 patients. It is concluded 

a. that although flecainide effectively suppresses ambient complex ventricular arrhythmias during Holter monitor- 
ing, it rarely alters the response to programmed stimulation. 


963 Prospective Reimbursement for State-of-the-Art Medical Practice: The Case for Invasive 
Electrophysiologic Evaluation 


SANJEEV SAKSENA, ESTELLE GREENBERG, and DIANE FERGUSON 


The economic consequences of invasive electrophysiologic (EP) studies on a tertiary care facility are analyzed. 
The calculated average cost of EP admissions in 1980 and 1981 was high (ventricular tachycardia [VT], 4 
$13,897; supraventricular tachycardia [SVT], $6,990), with substantial length of hospital stay (VT, 24 + 8 days; 
SVT, 12 4 8 days). Costs of EP procedures varied from $200 to $1,206 (average $695). During follow-up there E 
was more improvement in arrhythmia control with EP-guided therapy than with empirical therapy. Comparison k 
with noninvasive techniques for VT evaluation shows equivalent and often lower cost. Current DRG categories 3 
do not fairly reimburse hospitals for invasive EP services despite their clinical efficacy and safety. Prospective 
k reimbursement systems should include a specific DRG category for these studies. : 
д 


968 Effects of Hyperkalemia on the Electrocardiogram of Patients Receiving Digitalis 
ABRAHAM WEIZENBERG, ROBERT N. CLASS, and BORYS SURAWICZ 





The effects of hyperkalemia (5.5 to 8.6 mEq/liter) on the electrocardiogram in patients treated chronically with i 
digitalis were examined in a retrospective (n — 27) and in a prospective study (n — 11) and compared with the ; P 
findings in hyperkalemic patients not receiving digitalis (n — 72). The results were similar in both study groups. i 
Treatment with digitalis in the presence of hyperkalemia caused no excessive sinus or ectopic bradycardia, and sj 
atrioventricular block no higher than grade 1. No patient required ventricular pacing. Digitalis-induced enhanced У 


ectopic automaticity apparently persists in the presence of moderately severe hyperkalemia. 


974 Ventricular Activation in Normal Sinus Rhythm: Abnormalities with Recurrent Sustained Tachycardia 
and a History of Myocardial Infarction 


WILLIAM J. UNTEREKER, SCOTT R. SPIELMAN, HARVEY L. WAXMAN, LEONARD N. HOROWITZ, and 
MARK E. JOSEPHSON 





Results of left ventricular mapping in 7 patients with normal electrocardiograms were compared with those in 
È 14 patients with known myocardial infarction (7 with and 7 without clinical recurrent sustained ventricular tachy- 

cardia [VT]). Fragmented electrograms were found only in the latter 2 groups. They were found at more sites іп 

the left ventricle, and were of longer duration in patients with VT. The duration of endocardial activation was also 

longest in patients with VT. The results suggest that fragmented electrograms are uncommon in normal persons, 

common in patients having sustained myocardial infarction, and still more common in patients having sustained 

myocardial infarction with a history of recurrent sustained VT. These electrograms may reflect slow conduction, 
| which is a necessary but not sufficient criterion for reentrant VT. 
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980 Subendocardial Resection for Sustained Ventricular Tachycardia in the Early Period After Acute 
Myocardial Infarction 


JOHN M. MILLER, FRANCIS E. MARCHLINSKI, ALDEN H. HARKEN, W. CLARK HARGROVE, and 
MARK E. JOSEPHSON 


This study evaluated the use of map-guided subendocardial resection to treat postinfarction ventricular tachycar- 
dia relative to timing of surgery after infarction. Patients who requested this operation less than 4 months after 
their most recent infarction were compared with those who underwent operation more than 1 year after infarc- 
tion, and there were no differences between the groups in operative or late mortality or in surgical cure of tachy- 
cardia. A few patients requested surgery within 1 month of infarction, and there was likewise no increase in mor- 
tality or tachycardia persistence compared to patients with remote infarcts. Thus, map-guided subendocardial 
resection can be applied in treating ventricular tachycardia in the postinfarction period, with acceptable mortali- 
ty and efficacy. 


985 Relation of Late Potentials to Site of Origin of Ventricular Tachycardia Associated with Coronary 
Heart Disease 


JOSEPH A. VASSALLO, DENNIS CASSIDY, MICHAEL B. SIMSON, ALFRED E. BUXTON, 
FRANCIS E. MARCHLINSKI, and MARK E. JOSEPHSON 


Signal-averaged electrocardiograms and endocardial catheter mapping were performed in 41 patients with sus- 
tained ventricular tachycardia (VT) to determine the relation between signal-averaged late potentials (SA-LPs) 
and catheter-mapped late activity (CM-LA) to the site of origin of VT. Either CM-LA or SA-LP was present during 
sinus rhythm in 37 of 41 patients (90%). Twenty-two of 30 patients (73%) had CM-LA corresponding to SA-LP 
during normal sinus rhythm. Patients with SA-LP had a significantly greater number of sites and later sites of 
CM-LA than patients without SA-LP. In those patients in whom both SA-LP and CM-LA were present, the site of 
origin of VT was located at a site of CM-LA during sinus rhythm in 38 of 44 (86%); however, 36 of 78 sites (46%) 
of CM-LA were distant from the site of origin of VT. It is concluded that CM-LA corresponding to SA-LP in pa- 
tients with VT is sensitive but not specific for the site of origin of VT. 


990 Hemodynamic Benefits of Synchronized 1:1 Atrial Pacing During Sustained Ventricular Tachycardia 
with Severely Depressed Ventricular Function in Coronary Heart Disease 


ANGAS W. HAMER, CAROL A. ZAHER, STANLEY A. RUBIN, THOMAS PETER, and 
WILLIAM J. MANDEL 


This study was designed to assess the influence of synchronized atrial pacing on hemodynamics during ventricu- 
lar tachycardia (VT). In 8 patients who had inducible VT during laboratory study, hemodynamics were assessed 
before and after the addition of atrial pacing. Mean arterial pressure decreased from 90 + 11 mm Hg in sinus 
rhythm to 79 + 14 mm Hg during VT (p <0.05), but increased to 98 + 12 mm Hg after optimal synchronization 
of atrial pacing (60 to 73% of the RR cycle length). Cardiac index decreased from 2.2 to 0.5 liters/min/m? in 
sinus rhythm to 1.8 + 0.5 liters/min/m? during VT (p <0.05) and improved to 1.92 + 0.5 liters/min/m* after atri- 
al pacing. In addition to offering insight into the mechanisms of hemodynamic compromise during VT, the clinical 
use of this technique may be to improve patients with hemodynamically unstable VT. 


995 Postvagal Tachycardia 


ERIC PRYSTOWSKY and DOUGLAS P. ZIPES 


Twenty-one patients with normal sinus nodal function were studied to see whether cardiac acceleration above 
control values occurred after cessation of enhanced vagal tone (postvagal tachycardia), and to determine the ef- 
fects of selective autonomic blockage on postvagal tachycardia. Enhanced vagal tone was induced by neck suc- 
tion using a lead neck collar connected to a vacuum source. For all patients, sinus cycle length increased from 
821 + 99 to 1,067 + 241 ms (p <0.001) during neck suction, and decreased to 760 + 96 ms (p « 0.001) after 
termination of neck suction. Maximal shortening of sinus cycle length occurred 3 to 8 complexes after cessation 
of neck suction. The degree of postvagal tachycardia was unchanged with propranolol (0.15 mg/kg intravenous- 
ly) (n = 7), but atropine (0.03 mg/kg intravenously) prevented neck suction-induced sinus slowing and accelera- 
tion (n = 3). It is concluded that postvagal tachycardia occurs in man, is not mediated through (-adrenergic ac- 
tivity, but is inhibited by muscarinic blockade. 


Continued on page A43 
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I WO-WAY LIPID REGULATOR 


| IOP IID) 4 Balanced Approach 
(gemfibrozil capsules, USP) 300mg 


Indicated for adult patients with high serum -2 Lowers elevated serum levels of 
triglycerides (type IV hyperlipidemia) who present triglyceride-rich very-low-density lipoproteins 
a risk of pancreatitis and who do not respond (VLDL) and, to a lesser extent, cholesterol-rich 
adequately to diet. low-density lipoproteins (LDL) 


Clinical trials show that Lopid -2 Favorably raises serum levels of high-density 
ER MEE Ene ДЫЎ v | МР ` lipoproteins (HDL) 

favorably regulates the balance of 

certain lipopr е5 responsible -2 Has a side effects profile similar to 


placebo and no significant abnormalities in 


for transport of SCTUIN lij vids. clinical/laboratory evaluations 





Artist’s interpretation of balance 
of serum VLDL and HDL. 


to Therapy of Certain Dystidemias 


Lipid-regulating efficacy: — 
open-label phase of US multicenter study 
at end of 12 lunar months" 


Average percent change from baseline at doses ranging from 
800-1,600 mg/day, majority at 1,200 mg/day (119 patients)’ 


Total 
Cholesterol 


to Total-C 


Diet, exercise and weight loss 
are the first choice in therapy of 
lipid disorders. 


*Visit every 4 weeks during long-term use 


of LOPID. 


"Data cited on this چ ابن‎ reflect clinical 


experience based on the multicenter trial. 
They do not i an indication for Types 
Па and Ib dyslipidemias. 


1. Data on file, Medical Affairs Dept, Parke-Davis. 


PARKE-DAVIS 


Please see following page for brief summary 
of prescribing information. 
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fo ге Кес, , please see full prescribing information. 
Summary follows. 


| CUINCAL PHARMACOLOGY. LOPID is a lipid regulating agent which lowers 
/ated serum lipids primarily by decreasing serum triglyceride with a variable 
ut 


lo density lipoprotein (VLDL) fraction and less frequently in the low density lipo- 
` protein (LDL) fraction. In addition, LOPID may increase the high density lipopro- 
tein (HDL) cholesterol fraction, an action considered of possible benefit to 

int i 


25 ha: ben shown to inhibit peripheral dcin and to decrease the hepatic extrac- 
^ E free fatty acids, thus (абцерла ды, triglyceride production. LOPID also 


EA rotion of cholestero! in the feces. 
E .OPID i is well absorbed from the gastrointestinal tract after oral administration. 

| ` Peak plasma levels occur in one to two hours with a plasma half-life of 1.5 hours 
$ _ following single doses and 1.3 hours following multiple doses. Plasma levels 
-. appear proportional to dose and do not demonstrate accumulation across time 
УМ following multiple doses. 
Ж 4 LOPID mainly undergoes oxidation of a ring methy! group to successively form a 
'oxymethy! and a carboxyl metabolite. Approximately seventy percent of the 

4 inistered human dose is excreted in the urine, primarily as unchanged gemfi- 
E:  brozil. Six percent of the dose is accounted for in the feces. 

- |n a large, controlled multicenter trial of 427 patients, lipid and lipoprotein 

m changes from average baseline (%) by hyperlipoproteinemic (HLP) type are sum- 
DIR below for those patients receiving gemfibrozil, 1200 mg/day, at the end of 


ORE 





“TRIGLYCERIDE CHOLESTEROL RATIO 
Total VLDL LDL HDL HDL Cholesterol 
Total Cholesterol 
— 44% —4 296 —44.396 — 5.896 + 24.696 +33% 
-45% -8.6% — 45.0% — 64% + 19.5% + 34% 
— 4096 — 1.8% — 40.896 + 14.696 + 17.496 + 2396 


êl IDICATIONS AND USAGE. Drug therapy should not be used for the routine treat- 
p - mentc of elevated blood lipids for the prevention of coronary heart disease. Dietary 
- «therapy specific for the type of hyperlipidemia is the initial treatment of choice. Excess 
a body weight and excess alcoholic intake may be important factors in hypertriglyceri- 
a demia and should be addressed prior to any drug therapy. Physical exercise can be 
A an important ancillary measure. Contributory diseases such as hypothyroidism or 
- diabetes mellitus should be looked for and adequately treated. The use of drugs 
` should be considered only when reasonable attempts have been made to obtain sat- 
` isfactory results with nondrug methods. If the decision is to use drugs, the patient 
should be instructed that this does not reduce the importance of adhering to diet. 
- Because of chemical, pharmacological, and clinical similarities between gemfibro- 
i - zil and clofibrate, and the adverse findings with clofibrate in two large clinical studies 
NI. Warnings), use of gemfibrozil should be restricted to the following indications. 
OPID may be considered for the treatment of adult patients with very high serum 
E. trig yceride levels (type IV hyperlipidemia) who present a risk of abdominal pain and 
“pancreatitis and who do not respond adequately to a determined dietary effort to con- 
- trol them. Patients with triglyceride levels in excess of 750 mg per deciliter are likely to 
| 7 prese ent such risk. 
2 —LOPID (gemfibrozil capsules, USP) has little effect on elevated cholesterol levels 
"dn in most subjects. A minority of subjects show a more pronounced response. How- 
ever, it must be understood that there is no evidence that use of any lipid-altering 
ага will be beneficial in preventing death from coronary heart disease (see WARN- 
L INGS). Therefore, the physician should be very selective and confine gemfibrozil 
| treatment to patients with clearly defined risk due to severe hypercholesterolemia 
` (eg, individuals with familial hypercholesterolemia starting in childhood) who inade- 
` quately respond to appropriate diet and more effective cholesterol-lowering drugs. 
7 LOPID: is not useful for the hypertriglyceridemia of Type ! hyperlipidemia. 
AA ` The biochemical response to gemfibrozil is variable, and it is not always possible to 
... predict from the lipoprotein type or other factors which patients will obtain favorable 
2 results. Itis essential that lipid levels be assessed and that the drug be discontinued 
e 'after three months in any patient in whom lipids do not show significant improvement. 
. . The effect of drug-induced reduction of serum cholesterol or triglyceride levels or 
~ elevation of HDL cholesterol levels on morbidity or mortality due to coronary heart dis- 
# | ease has not been established. Several years may be required before ongoing long- 
` term investigations will resolve this question. 
—. CONTRAINDICATIONS. 1. Hepatic or severe renal dysfunction, including primary 
D biliary cirrhosis. 
— . &. Preexisting gallbladder disease. (See Warnings.) 
__ 3 Hypersensitivity to gemfibrozil. 
_ WARNINGS. 1. Because of chemical, pharmacological, and clinical similarities 
$ between gemfibrozil and clofibrate, the adverse findings with clofibrate in two large 
v clinical studies may also apply to gemfibrozil. In the first of those studies, the Coro- 
— nary Drug Project, 1000 subjects with previous myocardial infarction were treated for 
— five years with clofibrate. There was no difference in mortality between the clofibrate- 
| treated subjects and 3000 placebo-treated subjects, but twice as many clofibrate- 
. treated subjects developed cholelithiasis and cholecystitis requiring surgery. In the 
her study, conducted by the World Health Organization, 5000 subjects without 
муп coronary heart disease were treated with clofibrate for five years and followed 
ibat beyond. There was a statistically significant 3626 higher total mortality in the 
rate-treated than in a comparable placebo-treated control group. The excess 
tality was due to noncardiovascular causes, including malignancy, postcholecys- 
my complications, and pancreatitis. The higher risk of clofibrate-treated subjects 
bladder disease was confirmed. 
J- erm Toxicity and Animal Tumorigenicity Studies: Long-term studies have 
тка. in rats and mice at one ge ten times e human dose. Thei inci- 
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p greater pe 0.05). pec 
ly significant differences from controls in the incidence of liver 
tumors in female rats, and in male and female mice. 

Electron microscopy studies have demonstrated a florid hepatic peroxisome prolif- 
eration following LOPID administration to the male rat. Similar changes have not been 
found in the human liver. 

Male rats had a dose-related increase of benign Leydig cell tumors. Subcapsular 
bilateral cataracts occurred in 10%, and unilateral in 6.3% of the high dose males. 

3. Since a reduction of mortality from coronary artery disease has not been demon- 
strated and liver and interstitial cell testicular tumors were increased in male rats, 
LOPID should be administered only to those patients described in the Indications and 
Usage Section. If a significant serum lipid response is not obtained, LOPID should be 
discontinued. 

4. Cholelithiasis—L OPID may increase cholesterol excretion into the bile leading to 
cholelithiasis. If cholelithiasis is suspected gallbladder studies are indicated. LOPID 
therapy should be discontinued if gallstones are found. 

5. Concomitant Anticoagulants— Caution should be exercised when anticoagulants 
are given in conjunction with LOPID. The dosage of the anticoagulant should be 
reduced to maintain the prothrombin time at the desired level to prevent bleeding 
complications. Frequent prothrombin determinations are advisable until it has been 
definitely determined that the prothrombin level has stabilized. 

PRECAUTIONS. 1. Initial Therapy— Before instituting LOPID (gemfibrozil cap- 
sules, USP) therapy, every attempt should be made to control serum lipids with 
appropriate diet, exercise, weight loss in obese patients, and other medical prob- 
lems such as diabetes mellitus and hypothyroidism. 

2. Continued Therapy—Pretreatment laboratory studies should be performed to 
ensure that patients have abnormal levels of serum lipids. Periodic determinations of 
serum lipids should be obtained during LOPID administration. The drug should be 
withdrawn after three months if the lipid response is inadequate. 

З. Seasonal Variation of Lipid Levels —| OPID is not expected to alter seasonal 
variations of higher serum lipid values in mid-winter and late summer or the lower val- 
ues in fall and spring. 

4. Impairment of Fertility — Administration of approximately three and ten times 
the human dose to male rats for 10 weeks resulted in a dose-related decrease of fertil- 
ity. Subsequent studies demonstrated that this effect was reversed after a drug-free 
period of about eight weeks, and it was not transmitted to their offspring. 

5. Pregnancy Category B— Reproduction studies have been performed in the rat 
at doses 3 and 9 times the human dose, and in the rabbit at 2 and 6.7 times the 
human dose. These studies have revealed no evidence of impaired fertility in females 
or harm to the fetus due to LOPID. Minor fetotoxicity was manifested by reduced birth 
rates observed at the high dose levels. No significant malformations were found 
among almost 400 offspring from 36 litters of rats and 100 fetuses from 22 litters of 
rabbits. 

There are no studies in pregnant women. In view of the fact that LOPID is tumori- 
genic in male rats, the use of LOPID in pregnancy should be reserved for those 
patients where the benefit clearly outweighs the possible risk to the patient or fetus. 

6. Nursing Mothers— Because of the potential for tumorigenicity shown for gemti- 
brozil in male rats, a decision should be made whether to discontinue nursing or dis- 
continue the drug, taking into account the importance of the drug to the mother. 

7 Hematologic Changes— Mild hemoglobin, hematocrit and white blood cell 
decreases have been observed in occasional patients following initiation of LOPID 
therapy. However, these levels stabilize during long-term administration. Therefore, 
periodic blood counts are recommended during the first 12 months of LOPID 
administration. 

8. Liver Function— Abnormal liver function tests have been observed occasionally 
during LOPID administration, including elevations of SGOT, SGPT, LDH, and alkaline 
phosphatase. These are usually reversible when LOPID is discontinued. Therefore 
periodic liver function studies are recommended and LOPID therapy should be termi- 
nated if abnormalities persist. 

9. Cardiac Arrhythmias— Although no clinically significant abnormalities 
occurred that could be attributed to LOPID, the possibility exists that such abnormali- 
ties may occur. 

10. Use in Children— Safety and efficacy in children have not been established. 
ADVERSE REACTIONS. In controlled clinical trials of 805 patients, including 245 
who received LOPID for at least one year, the most frequently reported adverse reac- 
tions associated with: LOPID involved the gastrointestinal system. In decreasing order 
of frequency, these were abdominal pain (6.0%), epigastric pain (4.996), diarrhea 
(4.896), nausea (4.096), vomiting (1.696), and flatulence (1196). Other adverse reac- 
tions where the probability of a causal relationship to LOPID therapy exists are listed 
by system. 

Integumentary: rash, dermatitis, pruritus, urticaria 

Central Nervous System: headache, dizziness, blurred vision 
Musculoskeletal: painfu! extremities 

Hematopoietic: anemia, eosinophilia, leukopenia 

Other reactions have been reported under conditions where a causal relationship is 
difficult to establish, thus the physician should be alert to these occurrences. Reports 
of viral and bacterial infections (common cold, cough, and urinary tract infections) 
were more common in gemfibrozil than in placebo-treated patients. 

Other reactions were: 

Gastrointestinal: dry mouth, constipation, anorexia, gas pain, dyspepsia 

Musculoskeletal: back pain, arthralgia, muscle cramps, myaigia, swollen joints 

Central Nervous System: vertigo, insomnia, paresthesia, tinnitus 

Clinical Laboratory: hypokalemia, liver function abnormalities (increased SGOT, 
SGPT, LDH, CPK, alkaline phosphatase) 

Miscellaneous: fatigue, malaise, syncope 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mg 
administered in two divided doses 30 minutes before the morning and evening meal. 
Some patients will experience therapeutic effects on 900 mg/day; a few may require 
1500 mg/day for satisfactory results. 

DRUG INTERACTIONS. CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 
LANTS ARE GIVEN IN CONJUNCTION WITH LOPID (GEMFIBROZIL CAPSULES, 
USP). THE DOSAGE OF THE ANTICOAGULANT SHOULD BE REDUCED TO 
MAINTAIN THE PROTHROMBIN TIME AT THE DESIRED LEVEL TO PREVENT 
BLEEDING COMPLICATIONS. FREQUENT PROTHROMBIN DETERMINATIONS 
ARE ADVISABLE UNTIL IT HAS BEEN DEFINITELY DETERMINED THAT THE 
PROTHROMBIN LEVEL HAS STABILIZED. 





MANAGEMENT OF OVERDOSAGE. While there has been no reported case of over- - 


dosage, symptomatic supportive measures should be taken should it occur. 
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1001 Exercise Testing in Children with Wolff-Parkinson-White Syndrome 


J. TIMOTHY BRICKER, CO-BURN J. PORTER, ARTHUR GARSON, Jr., PAUL C. GILLETTE, 
PAT McVEY, MALINDA TRAWEEK, and DAN G. McNAMARA 


Seventeen children with Wolff-Parkinson-White syndrome underwent exercise testing. Endurance time, heart 
rate and blood pressure were normal with exercise testing. Supraventricular tachycardia was observed with ex- 
ercise testing in 2 patients. Disappearance of the delta wave during exercise correlated with a long anterograde 
effective refractory period of the Kent bundle (360 to 390 ms). Children with partial normalization of the QRS in- 
terval during exercise had a longer anterograde refractory period of the Kent bundle than those with persistence 
of preexcitation. In 1 patient, disappearance of the delta wave during exercise confirmed the diagnosis of Wolff- 
Parkinson-White syndrome. Preexcitation was only seen after exercise in 1 patient. 


1005 Significance of Ventricular Pauses of Three Seconds or More Detected on Twenty-Four -Hour Holter 


Recordings 


JAMES HILGARD, MARILYN D. EZRI, and PABLO DENES 


Six thousand four hundred seventy consecutive 24-hour Holter recordings were retrospectively reviewed for the 
presence of ventricular pauses of at least 3 seconds and 52 patients were identified (0.8% of total) with an aver- 
age longest pause length of 4.1 seconds. Holter recordings had been requested to evaluate syncope in 14 pa- 
tients, dizziness in 9 patients and other reasons in 29. Pause etiologies included sinus arrest in 22 patients, atrial 
fibrillation with a slow ventricular response in 18 patients and atrioventricular block in 12 patients. Ten of the 52 
patients experienced dizziness or syncope during pauses. Twenty-six of the patients (50%) were subsequently 
paced. No significant differences between the paced and nonpaced groups existed regarding length or etiology 
of pauses, presence of symptoms during pause, prevalence of organic heart disease or congestive heart failure, 
medications or length of follow-up. The 3-year actuarial survival probabilities were similar at 78% (paced) and 
85% (nonpaced). Thus, these pauses are rare, frequently asymptomatic, and may not require pacing. 


1009 Effect of Bradycardia on Dispersion of Ventricular Refractoriness 


JERRY C. LUCK, STEVEN T. MINOR, DAVID E. MANN, ANTON P. NIELSEN, JERRY C. GRIFFIN, and 
CHRISTOPHER В.С. WYNDHAM 


Right ventricular refractory periods were measured at 3 different sites in 16 patients with severe bradycardia, 
average heart rate of 39 + 5 beats/min and were compared to 11 control subjects with normal heart rates, aver- 
age 72 + 12 beats/min. When compared with control subjects, patients with bradycardia have longer absolute 
refractory periods. However, dispersion of effective and functional refractory periods are not significantly differ- 
ent (dispersion of effective refractory period, control 37 + 12 ms and bradycardia 43 + 38 ms). Double ventricu- 
lar extrastimuli failed to induce ventricular tachycardia in any patient during bradycardia. This study suggests that 
bradycardia alone does not increase dispersion of ventricular refractoriness and does not promote induction of 
ventricular tachyarrhythmias. 


SYSTEMIC HYPERTENSION 


1015 Initial and Long-Term Effects of Prazosin on Sympathetic Vasopressor Responses in Essential 


Hypertension 


IBRAHIM H. KHATRI, PAUL LEVINSON, ALDO NOTARGIACOMO, and EDWARD D. FREIS 


An initial dose of 3 to 5 mg of prazosin decreased supine blood pressure significantly, and 55° passive tilting re- 
sulted in orthostatic hypotension. However, the Valsalva overshoot, cold pressor response and digital vasocori- 
strictor response to a deep breath were not blocked. After long-term therapy a similar dose of prazosin failed to 
decrease supine blood pressure and no longer resulted in orthostatic hypotension. The other sympathetic pres- 
sor responses remained unchanged. These results suggest that tolerance to the antihypertensive effects of pra- 
zosin develops during long-term therapy and that the blocking effect of the first dose is primarily on the capaci- 
tance vessels rather than the resistance vessels. 


1019 Sleep Apnea Syndrome and Essential Hypertension 


Er 


ADRIAN J. WILLIAMS, DARRYL HOUSTON, STEPHEN FINBERG, CHI LAM, JAMES L. KINNEY, and 
SILVERIO SANTIAGO 


Essential hypertension is found in more than half of the patients with sleep apnea. The incidence of unrecog- 
nized sleep apnea was assessed in patients with essential hypertension. Twenty-three patients taking antihyper- 
tensive medications were selected at random from the Hypertension Clinic. They were evaluated by question- 


Continued on page A48 
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From the Publishers of The American Journal of Cardiology, The American 
Journal of Medicine and The American Journal of Surgery 





The First Practical Atlas of 
2-D Echocardiography Ever Published s 








2-dimensional echocardiography com- 
plemented by M-mode echocardiography 
has become one of the most common 
noninvasive diagnostic tools used by the 
cardiologist. With publication of the 
ATLAS OF 2-DIMENSIONAL ECHOCAR- 
DIOGRAPHY, neophyte and expert alike 
now have available to them the most truly 
usable didactic presentation of the subject 
ever published. 


А true atlas, this book provides in a large 
8/4 x 12 format 251 black and white 
half tones, 152 line drawings and 6 
charts which illustrate in exacting detail 
how to perform and interpret 
2-dimensional echocardiograms on patients 
with existing and/or suspected heart 
disease. The lucid accompanying text leads 
the reader step-by-step through the entire 
process, leaving little to the imagination. It 
presents in the most simple, direct way 
possible the broadest range of normal and 
abnormal 2-dimensional echocardiograms. 
The descriptions and detailed illustrations 
in its technical sections will ensure the 
superior level of performance of echocar- 
diographic techniques that is a sine qua 
non for good results. 


To order your copy of this impor- 
tant new book use the order form 
to the right. 


- 


A "'how-to-do-it'' text/atlas 
presenting the broadest range of 
normal and abnormal 
2-dimensional echocardiograms 


Atlas of 2-Dimensional 
Echocardiography 


by Alfredo Palacio, MD 

Director of National Institute of Cardiology, Guayaquil, Ecuador P 
Foreword by David H. Spodick, MD, DSc 

Professor of Medicine, University of Massachusetts Medical School; 

Director, Division of Cardiology, St. Vincent Hospital, Worcester, Massachusetts 


ISBN 0-914316-35-4, 198 pp, illus., large format 8% x 12, March '83, $69.00 
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Foreword DISEASES 
Preface Mitral stenosis 

Characteristics of the mitral stenosis in 
Prologue 2-dimensional echocardiography 


Longitudinal plane, long axis of the left ventricle 
Transverse plane, short axis 
Direction of future investigations 
Mitral regurgitation 
Tricuspid valve 
Aortic valve and aortic root 
Pulmonary valve P 
Intracardiac masses and tumors 
Pericardial effusion 
Ischemic heart disease 
Congenital heart disease 
Cardiomyopathies 
Systemic arterial hypertension 
MISCELLANEOUS 
Valvular prostheses 
Performance and volume of the left ventricle 
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Introduction 


EQUIPMENT 

THE ECHOCARDIOGRAPHIC EXAMINATION 

Parasternal position 
Longitudinal plane 
Transverse plane 

Apical position 
Hemiaxial plane 
Axial plane 

Subxiphoid position 
Transvascular plane 
Transcardiac plane 

Suprasternal position 
Longitudinal plane 
Transverse plane 
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LJ] Please send me Atlas of 2-Dimensional Echocardiography (00031) $69.00 
ÛJ Enclosed is my check for which includes $1.50 for handling. Yorke pays postage. 
(same return privilege) 


O Please bill my O VISA О MasterCard (same return privilege) 
Card Number 
Signature Exp. Date Interbank No. (M/C) 


[ Please bill me plus postage and handling. (U.S. and Canadian orders only) 


Name 
Address 
City/State/Zip 


Send orders to: 


Yorke Medical Books Box C757, Brooklyn, New York 11205 
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Find the hidden pacemaker 
in this picture. 
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Refer to the Technical Manuals provided with 
these products for Warnings, Precautions, 
Contraindications and Side Effects associated 
with the devices described herein. 
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Pulse Generator — Intended Uses 


| The Classix™ Pacemakers are single chamber 

p multi-programmable, and have a wide range of 

Re pacing applications. In the ventricular (V VI) 

Ds pacing mode, Classix is intended for long-term 

Er. therapeutic control of heart rate in patients 
with impulse formation or conduction disorders 
leading to bradyarrhythmias, tachyarrhythmias 
and heart block (see product labeling for 
detailed list of intended uses). In atrial (AAT) 
applications, Classix is intended for long-term 
therapeutic control of heart rate in patients 
with impulse formation disorders but with intact, 
functioning A-V conduction systems. 


9710 Programmer — Intended Uses 


The Medtronic Model 9710 Pacemaker — 
Programmer is intended for use by a physician to 
noninvasively pro Medtronic programmable 
pulse generators. Specific applications are __ 
determined by the software cartridge plugged into 
the programmer at the time of its use. The _ 
programmer may also be used to measure (via 
skin electrodes) rate, and pulse width of an 
implanted pacemaker, produce a 10-second ECG 
printout, and receive telemetered information 


Target Tip™ Leads—Intended Uses | 1 
from pacemakers with this capability. 


Medtronic implantable pacing leads are designed 
to be used with Medtronic pulse generators as 


part of a cardiac pacing system. 
Medtronic 





For every professional with an 
interest in Exercise and the Heart. 
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This comprehensive work covers every aspect of exercise and 
its role in Diagnosis, Treatment, and Prevention of cardiac 
disease. 


The scope of EXERCISE IN CARDIOVASCULAR HEALTH 
AND DISEASE is so broad that it goes from something as basic as 
a detailed study of the heart muscle itself to the latest advances in 


cardiac rehabilitation. 
Special attention is given to such subjects as: 


[] Present status of exercise testing and training in terms of 


physiological bases and clinical applications 
O Nuclear cardiology 
O Computer analysis of the exercise ECG 
Г1 Stress myocardial scintigraphy 


[] Various interpretations of exercise tests in the asymptomatic 


population 


The editors have brought together a distinguished group of 
specialists—all of whom have made major contributions to the 
field. Included are outstanding scientists, clinicians, exercise 


physiologists, and physical educators. 


For you who have any interest—professional or personal—in 
exercise and the heart, we urge you to /ook at a copy of 
EXERCISE IN CARDIOVASCULAR HEALTH AND DISEASE. 


That's right! You're invited to look it over before buying it. 


Send for your copy of Exercise in Cardiovascular Health and 


Disease today. Then use it for 30 days without risk. 


Jack Н. Wilmore, PhD, Professor and Head Dept. 
of Physical Education & Athletics, Univ. Arizona 
Anthony N. DeMaria, MD, Dir. Echocardiography Section, 
Univ. of Calif. School of Medicine 


SEPTEMBER 1977, 408 PAGES, ILLUS. 
iui d sopa COBRE OPE VS. Инара tnr dele aui ipeum. agr qaum] 
:l-———— ae ee OLLLTLDALÍLLÉAE)()0AT^LLLLLLULGutvóLULUÁÉGuCDiéni)i GÁLU!uiiinnQiiicií 
Yorke Medical Books AJCD5 
Box C-757, Brooklyn, New York 11205 


Please send me a copy of EXERCISE in Cardiovascular Health and Disease 
for 30 days free examination and use. If | decide to keep it, your invoice 
will be honored ($42.50 rlus shipping cost). Otherwise, the book will be 
returned for full refund or credit. 


О Full payment enclosed, publisher pays shipping. 
О Please bill me, plus cost of shipping. 
O Charge my credit card: (0 MasterCard [7] Visa. 
Card. Моа есм. Eni ra оаа Sa I суз. 
New York residents add applicable sales tax. Countries outside Western 
Hemisphere add $5.00 per copy. 
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The first 6mm thin, 1-ounce, single-chamber pacemaker 





































Classix is part of a 
comprehensive pacing system 


¢ Unipolar and bipolar models 

e Fully compatible with the 
portable, powerful, and 
easy-to-use 9710 Programmer 

* Low threshold Target Tip" 
Leads are designed to e ag 
less energy for capture. This 
enhances patient safety and 
maximizes battery longevity. 


Introducing a classic pacing 
system based on proven 
circuitry, now offered in the 
smallest pacemaker. 


Compare Classix to the other 
“small” pacemakers 


Mass Dimensions Thickness 
(g) (mm) (mm) 


Classix 285 41x62x 6 
Quantum 40/45 47x52x 8.4 
Programmalith III 35/37 41x48x 84 


A new generation of 
pacemakers — based on the 
dependable electronics of the 


The natural shape and reduced 
size of Classix enhances pocket 


stability and patient comfort. Spectrax? Family. 

Six programmable functions, The circuitry of the Classix 
three pacing modes, full Pacemaker is similar in design 
telemetry. and function to the Spectrax 


УХТ ™, the world's most prescribed 
pacemaker. The Classix inherits this 
tradition of superior performance 
and reliability in a new generation 
of smaller, lighter pacemakers. 


e Multi-programmable in six 
functions — rate, pulse width, 
sensitivity, hysteresis, output 
voltage, refractory period 

* Programmable in demand, 
synchronous, and asynchronous 
modes 

* Atrial or ventricular applications 


Now Medtronic brings you the 
smallest, multi-programmable, 
telemetered pacemaker available. 


Telemetry provides an 
invaluable diagnostic tool for 
effective patient management 
* All six programmed parameters 
* Dattery status 
* Aor V intracardiac electrogram 
* Ten-second ECG via 9710 
Programmer 


Medtronic 


People making life easier. 
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(pacemakers and pencils actual size) 
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naire for symptoms of sleep apnea, and during 3 hours of sleep, measurements were made of respiratory pat- 
terns using an impedance pneumograph, arterial О» saturation with an ear oximeter and air flow at the mouth or 
nose with a face mask pneumotadograph. Abnormal sleep apneas (average 20 seconds) lasting for an average 
of 19% sleep time were found in 11 patients (4896). Significant arterial O, desaturation, defined as a decrease 
of at least 4% and to less than 9096, was observed in 7 of these 11 (3096) with an average saturation at the end 
of the apneic episodes of 87%. Thus, almost one-third of patients randomly selected from a Hypertension Clinic 
have significant arterial O2 desaturation during sleep as a result of sleep apnea, and it is proposed that sleep 
apnea may play a part in the development of essential hypertension. 


1023 Cardiovascular Effects and Regional Blood Flow Distribution Associated with Angiotensin Converting 


Enzyme Inhibition (Captopril) in Essential Hypertension 


HECTOR O. VENTURA, EDWARD S. FROHLICH, FRANZ H. MESSERLI, ISAAC KOBRIN, and 
MERRILL B. KARDON 


Cardiovascular and regional blood flow distribution after the administration of captopril was studied in 12 pa- 
tients with mild to moderately severe essential hypertension. The decrease in mean arterial pressure observed 
was mediated through a decreased total peripheral resistance that was distributed to all circulations studied. 
Thus, captopril lowered arterial pressure through systemic arteriolar dilatation in patients with mild to moderate- 
ly severe essential hypertension and also reduced left ventricular mass even in patients without evidence of left 
ventricular hypertrophy. 


CONGESTIVE HEART FAILURE 


1027 Left Ventricular Volume and Ejection Fraction Response to Exercise in Chronic Congestive Heart 


Failure: Difference Between Dilated Cardiomyopathy and Previous Myocardial Infarction 


WEI FENG SHEN, GARY S. ROUBIN, KUNIHIKO HIRASAWA, CHRISTOPHER Y-P. CHOONG, 
BRIAN F. HUTTON, PHILLIP J. HARRIS, PETER J. FLETCHER, and DAVID T. KELLY 


Simultaneous hemodynamic and radionuclide measurement during semiupright exercise was performed in 24 
patients with congestive heart failure (CHF) (13 with dilated cardiomyopathy [DC], CHF-DC group, and 11 with 
previous myocardial infarction [MI], CHF-MI group) and 6 control subjects. Both CHF groups had similar hemody- 
namic values, left ventricular (LV) volumes and ejection fraction (EF) at rest. Exercise hemodynamic values were 
also similar, but the CHF-DC group increased LV end-diastolic volume by 1596 during exercise, significantly less 
than the 4496 increase in the CHF-MI group (p <0.01). LVEF increased in the CHF-DC group, but was unchanged 
in the CHF-MI group because of a large increase in end-systolic volume. The slope of mean pulmonary wedge 
pressure-LV end-diastolic volume relation was steeper in the CHF-DC group than in the CHF-MI group (p «0.0 1). 
Thus, LV volume and EF response to exercise in patients with CHF depends on the cause. 


1032 Intact Systolic Left Ventricular Function in Clinical Congestive Heart Failure 


ROBERT SOUFER, DANIEL WOHLGELERNTER, NESTOR A. VITA, MARCOS AMUCHESTEGUI, 
H. DIRK SOSTMAN, HARVEY J. BERGER, and BARRY L. ZARET 


Over a 1-year period 58 patients with intact systolic function and congestive heart failure (CHF) were identified. 
Based upon radionuclide evaluation of peak filling rate, 3896 of these patients were found to have a significant 
abnormality in diastolic function (peak filling rate < 2.50 end-diastolic volume/second). An additional 24% of the 
patients had probable diastolic dysfunction with borderline abnormal peak filling rate measurements (2.5 to 3.0 
end-diastolic volume/second). During a 3-month sampling period 42% of patients with a clinical diagnosis of 
CHF referred to the nuclear cardiology laboratory were noted to have intact systolic function. Thus, in a group 
of patients with clinical CHF and intact systolic function, abnormal diastolic function is the most frequently en- 
countered mechanism for its occurrence. 


1037 Correlates and Prognostic Implication of Exercise Capacity in Chronic Congestive Heart Failure 


A48 


JADWIGA SZLACHIC, BARRY M. MASSIE, BARRY L. KRAMER, NINA TOPIC, and JULIO TUBAU 


To determine the relation between exercise capacity and both left ventricular function and survival, exercise 
testing as well as rest and exercise invasive hemodynamic measurements and radionuclide angiography were 
performed in 27 patients with New York Heart Association class Il, Ill or IV congestive heart failure. Patients with 
more severely impaired exercise tolerance (VO; max < 10 ml/min/kg, group 1) had significantly lower rest car- 
diac, stroke volume and stroke work indexes and higher pulmonary capillary wedge and right atrial pressures 


Continued on page A53 
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CARDIZEM (diltiazem HCl): 
with a low incidence 
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In the treatment of angina pec- 
toris, calcium channel blockers have 
been found to be potent coronary 
vasodilators. And, due to its balanced 
hemodynamic profile, CARDIZEM” 
(diltiazem НСІ) produces a low inci- 
dence of side effects, thus contribut- 
ing to the patients sense of well-being. 

“The lack of significant adverse 
effects with diltiazem appears to corre- 
late with the high rate of acceptance 
of the drug by patients and the drug’s 
safety in both short- and long-term 
use. ! 





Low incidence of side effects 


The adverse reactions reported most frequently with Cardizem have been: 
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Edema Headache Nausea Dizziness Rash Asthenia AV Block 
2.496 2.196 1.9% 1.5% 1.3% 1.2% 1.1% 


ms 
— 


Percentage of patients 
experiencing adverse reactions 


+ 


In many cases, the relationship to Cardizem has not not greater than that reported during placebo therapy. 
been established. For other adverse reactions infrequently reported 

In placebo-controlled US trials, the incidence of ( 1.096 ), see full prescribing information on last page 
adverse reactions reported during Cardizem therapy was ofthis ad. 


abalance of effectiveness 
of side effects 





Increases exercise Reduces angina attack 
tolerance frequency 
CARDIZEM"' (diltiazem 42% to 46% decrease in 
НСІ) allows patients to signifi- effort angina attacks reported in 
cantly prolong exercise tolerance multicenter study? 


even in demanding Bruce proto- 
col exercise tests? In time to 
onset of pain, control patients 


i à а æ 
averaged 8.0 өсү, Cardizem (diltiazem HCl) 
-patients averaged 9.0 minutes. 
The balanced 
*Cardizem is indicated in the treatment of chronic stable e 
an Î еа ees aie an oi па) and daa nad ы: to calcium channel 
coronary artery spasm. bl О ck e г 


PROFESSIONAL USE INFORMATION 


Ce cardizem e 
(diltiazem HCD 
30 mg and 60 mg tablets 


DESCRIPTION 

CARDIZEM” (diltiazem hydrochloride) is a calcium ion influx 
inhibitor (slow channel blocker or calcium antagonist). Chemically, 
ditiazem hydrochloride is 1,5-Benzothiazepin-4(5H)one.3-(acetyloxy) 
-5-[2- jolie iU 2, 9-dihydro-2-(4- -methoxyphenyl)-, 
monohydrochloride, (4-)-cis-. The chemical structure is: 


OCH, 


u^ К. ‚МСН, }, 


Diltiazem hydrochloride is a white to off-white crystalline powder 
with a bitter taste. It is soluble in water, methanol, and chloroform. H 
has a molecular weight of 450.98. Each tablet of CARDIZEM contains 
either 30 mg or 60 mg diltiazem hydrochloride for oral administration. 


CLINICAL PHARMACOLOGY 

The therapeutic benefits achieved with CARDIZEM are believed to 
be related to its ability to inhibit the influx of calcium ions during 
membrane depolarization of cardiac and vascular smooth muscle. 

Mechan of Action. Although precise mechanisms of its 
antianginal actions are still being delineated, CARDIZEM is believed to 
act in the following ways: 

1. Angina Due to Coronary Artery Spasm: CARDIZEM has been 
shown to be a potent dilator of coronary arteries both epicardial 
and subendocardial. Spontaneous and ergonovine-induced cor- 
onary artery spasm are inhibited by CARDIZEM. 

2. Exertional Angina: CARDIZEM has been shown to produce 
increases in exercise tolerance, probably due to its ability to 
reduce myocardial oxygen demand. This is accomplished via 
reductions in heart rate and systemic blood ргеѕэфе at sub- 
maximal and maximai exercise work loads. 

іп animal models, diltiazem interferes with the slow inward 
(depolarizing) current in excitable tissue. it causes excitation-contrac- 
tion uncoupling in various myocardial tissues without changes in the 
configuration of the action potential. Diltiazem produces relaxation of 
coronary vascular smooth muscle and dilation of both large and small 
a arteries at wine levels which cause little or no negative 

effect. The resultant increases in coronary blood flow (epicardial 
pe Subendocardial) occur in ischemic and nonischemic models and 
are accompanied by dose-dependent decreases in systemic blood 
pressure and decreases in peripheral resistance. 

Hemodynamic and Electrophysiologic Effects. Like other 
calcium antagonists, diltiazem decreases sinoatrial and atrioventricu- 
lar conduction in isolated tissues and has a negative inotropic effect in 
isolated preparations. in the intact animal, prolongation of the AH 
interval can be seen at higher doses. 

in man, diltiazem prevents spontaneous and ergonovine-provoked 
coronary artery spasm. it causes a decrease in peripheral vascular 
resistance and a modest fall in blood pressure and, in exercise 
tolerance studies in patients with ischemic heart disease, reduces 
the heart rate-blood pressure product for any given work load. Studies 
lo date, primarily in patients with good ventricular function, have not 
revealed evidence of a negative inotropic effect; cardiac output, 
ejection fraction, and left ventricular end diastolic pressure have not 
been affected. There are as yet few data on the interaction of diltiazem 
and beta-blockers. Resting heart rate is usually unchanged or slightly 
reduced by diltiazem. 

intravenous diltiazem in doses of 20 mg prolongs AH conduction 
time and AV node functional and effective refractory periods approxi- 
mately 20%, In a study involving single oral doses of 300 mg of 
CARDIZEM in six normal volunteers, the average maximum PR 
prolongation was 14% with no instances of greater than first- -degree 
AV block. Diltiazem-associated prolongation of the AH interval is not 
more pronounced in patients with first-degree heart block. in patients 
with sick sinus syndrome, diltiazem significantly prolongs sinus cycle 
length (up to 5096 in some cases). 

Chronic oral administration of CARDIZEM in doses of up to 240 
mg/day has resulted in small increases in PR interval, but has not 
usually produced abnormal prolongation. There were, however, three 
instances of second-degree AV block and one instance of third-degree 
AV block in a group of 959 chronically treated patients. 

and . Dilliazem is absorbed 
from the tablet formulation to about 80% of a reference capsule and is 
subject to an extensive first-pass effect, giving an absolute bioavail- 
ability (compared to intravenous dosing) of about 40%. CARDIZEM 
undergoes extensive hepatic metabolism in which 2% to 4% of the 
unchanged drug appears in the urine. in vitro binding studies show 
CARDIZEM is 70% to 8096 bound to plasma proteins. Competitive 
ligand binding studies have also shown CARDIZEM binding is not 
altered by therapeutic concentrations of digoxin, hydrochlorothiazide, 
phenylbutazone, propranolol, salicylic acid, or warfarin. Single oral 
doses of 30 to 120 mg of CARDIZEM result in detectable plasma levels 
within 30 to 60 minutes and peak plasma levels two to three hours 
after drug administration. The plasma elimination halite following 
single or multiple drug administration is approximately 3.5 hours. 
Desacetyi diltiazem is also present in the plasma at levels of 10% to 
20% of the parent drug and is 25% to 50% as potent a coronary 
vasodilator as diltiazem. Therapeutic blood levels of CARDIZEM ap- 
pear to be in the range of 50 to 200 ng/ml. There is a departure from 
dose-linearity when single doses above 60 mg are given; a 120-mg 
dose gave blood levels three times that of the 60-mg dase. There is по 
information about the effect of renal or hepatic impairment on 
excretion or metabolism of diltiazem. 


INDICATIONS AND USAGE 
1. Angina Pectoris Due to Coronary Artery Spasm. CARDIZEM 
is indicated in the treatment of angina pectoris due to coronary 
artery spasm. CARDIZEM has been shown effective in the 
treatment of spontaneous coronary artery spasm presenting as 
Prinzmetal's variant angina (resting angina with ST-segment 
elevation occurring during attacks). 
. Chronic Stable (Classic Effort-Associated Angina). 
CARDIZEM is indicated in the management of chronic stable 
angina. CARDIZEM has been effective in controlled trials in 
reducing angina frequency and increasing exercise tolerance. 
There are no controlled studies of the effectiveness of the con- 
comitant use of diltiazem and beta-blockers or of the safety of this 
combination in patients with impaired ventricular function or con- 
duction abnormalities. 


CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick sinus syn- 
drome except in the presence of a functioning ventricular pacemaker, 
(2) patients with second- or third-degree AV block except in the 
presence of a functioning ventricular pacemaker, and (3) patients with 
hypotension (less than 90 mm Hg systolic). 


WARNINGS 

1. Cardiac Conduction. CARDIZEM prolongs AV node refractory 
periods without significantly prolonging sinus node recovery 
time, except in patients with sick sinus syndrome. This effect 
may rarely result in abnormally slow heart rates (particularly in 
patients with sick sinus syndrome) or second- or third-degree 
AV block (six of 1243 patients for 0.4896). Concomitant use of 
diltiazem with beta-blockers or digitalis may result in additive 
effects on cardiac conduction. A patient with Prinzmetal's angina 
developed periods of asystole (2 to 5 seconds) after a single 
dose of 60 mg of diltiazem, 

2. Congestive Heart Failure. Although diltiazem has a negative 
inotropic effect in isolated animal tissue preparations, hemody- 
namic studies in humans with normal ventricular function have 
not shown a reduction in cardiac index nor consistent negative 
effects on contractility (арла). Experience with the use of 
CARDIZEM alone or in combination with beta-blockers in pa- 
tients with impaired ventricular function is very limited. Caution 
should be exercised when using the drug in such patients. 

3. Hypotension. Decreases in blood pressure associated with 
CARDIZEM therapy may occasionally result in symptomatic 
hypotension. 

4. Acute Hepatic Injury. in rare instances, patients receiving 
CARDIZEM have exhibited reversible acute hepatic injury as 
evidenced by moderate to extreme elevations of liver enzymes. 
(See PRECAUTIONS and ADVERSE REACTIONS.) 


PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) is extensively me- 
tabolized by the liver and excreted by the kidneys and in bile. As with 
any new drug given over prolonged periods, laboratory parameters 
should be monitored at regular intervals. The drug should be used 
with caution in patients with impaired renal or hepatic function, In 
subacute and chronic dog and rat studies designed to produce 
toxicity, high doses of diltiazem were associated with hepatic damage. 
In special subacute hepatic studies, ога! doses of 125 mg/kg and 
higher in rats were associated with histological changes in the liver 
which were reversible when the drug was discontinued. in 0005, 
doses of 20 mg/kg were aiso associated with hepatic changes; 
however, these changes were reversible with continued dosing. 

Drug interaction. Pharmacologic studies indicate that there may 
be additive effects in prolonging AV conduction when using beta- 
blockers or digitalis concomitantiy with CARDIZEM. (See WARNINGS.) 

Controlled and uncontrolled domestic studies suggest that con- 
comitant use of CARDIZEM and beta-blockers or digitalis is usually 
weil tolerated. Available data are not sufficient, however, to predict the 
effects of concomitant treatment, particularly in patients with left 
ventricular dysfunction or cardiac conduction abnormalities. in healthy 
volunteers, diltiazem has been shown to increase serum digoxin 
levels up to 20%, 

Carcinogenesis, Mutagenesis, Impairment of Fertility. A 
24-month study in rats and a 21-month study in mice showed no 
evidence of carcinogenicity. There was also no mutagenic response in 
in vitro bacterial tests. No intrinsic effect on fertility was observed in 
rats. 

Pregnancy. Category C. Reproduction studies have been con- 
ducted in mice, rats, and rabbits. Administration of doses ranging 
from five to fen times greater (on a mg/kg basis) than the daily 
recommended therapeutic dose has resulted in embryo and fetal 
lethality. These doses, in seme studies, have been reported to cause 
Skeletal abnormalities. in the perinatal/postnatal studies, there was 
some reduction in early individual pup weights and survival rates. 
There was an increased incidence of stillbirths at doses of 20 times 
the human dose or greater 

There are no well-controlled studies in pregnant women; therefore, 
use CARDIZEM in pregnant women only if the potential benefit 
justifies the potential risk to the fetus. 

Nursing Mathers. it is not known whether this drug is excreted in 
human milk. Because many drugs are excreted in human milk, 
exercise caution when CARDIZEM is administered to a nursing 
woman if the drug's benefits are thought to outweigh its potential risks 
in this situation. 

Pediatric Use. Safety and effectiveness in children have not been 
established. 


ADVERSE REACTIONS 

Serious adverse reactions have been rare in studies carried out to 
Gate, but it should be recognized that patients with impaired ventricu- 
lar function and cardiac conduction abnormalities have usually been 
excluded. 

in domestic placebo-controlled trials, the incidence of adverse 
reactions reported during CABDIZEM therapy was not greater than 
that reported during placebo therapy. 


The following represent occurrences observed in ofnical stk 
which can be at least reasonably associated with the pharmacolo 
calcium influx inhibition. In many cases, the relationship to CARD 
has not been established. The most common occurrences, as wi 
their frequency of presentation, are: edema (2.4%), headache (2. 
nausea (1.996), dizziness (1,5%), rash (1.396), asthenia (1.2% 
block (1.19%). In addition, the following events were reported infrequ 
(less than 1%) with the order of presentation corresponding t: 
relative frequency of occurrence. 


Cardiovascular: Flushing, arrhythmia, hypotension, brad 
dia, palpitations, congestive heart fa: 
syncope. 

Nervous System: Paresthesia, nervousness, somnole 
tremor, insomnia, hallucinations, and amn 

Gastrointestinal: Constipation, dyspepsia, diarrhea, vom 
mild elevations of alkaline phosphatase, S 
SGPT, and LDH. 

Dermatologic: Pruritus, petechiae, urticaria, photosensit 

Other: Polyuna, nocturia 


The following additional experiences have been noted: 

A patient with Prinzmetal’s angina experiencing episodes of v 
Spastic angina developed periods of transient asymptomatic asy 
approximately five hours after receiving a single 60-mg dos 
CARDIZEM. 

The following postmarketing events have been reported i 
quently in patients receiving CARDIZEM: erythema multiforme; 
kopenia; and extreme elevations of alkaline phosphatase, S 
SGPT, LDH, and СРК However, a definitive cause and effect бем 
these events and CARDIZEM therapy is yet to be established. 


OVERDOSAGE OR EXAGGERATED RESPONSE 

Overdosage experience with oral diltiazem has been limited. S: 
oral doses of 300 mg of CARDIZEM have been well tolerate: 
healthy volunteers. In the event of overdosage or exaggeratec 
sponse, appropriate supportive measures should be employe 
addition to gastric lavage. The following measures may be conside 


Bradycardia Administer atropine (0.60 to 1.0 mg). if t 
is no response to vagal blockade, admin 
isoproterenol cautiously 

High-Degree AV Treat as for bradycardia above. Fixed f 

Block degree AV block should be treated with 


diac pacing. 

Administer inotropic agents (isoprotert 
dopamine, or dobutamine) and diuretics. 
Vasopressors (eg, dopamine or levarter 
bitartrate). 

Actual treatment and dosage should depend on the severity о 
clinical situation and the judgment and experience of the trez 
physician. 

The orat 0.05 in mice and rats range from 415 to 740 mg/kg 
from 560 to 810 mg/kg, respectively. The intravenous LDso's in tt 
species were 60 and 38 mg/kg, respectively The oral LDss in до 
considered to be in excess of 50 mg/kg, while lethality was see 
monkeys at 360 mg/kg. The toxic dose in man is not known, but b 
levels in excess of 800 ng/mi have not been associated with toxi 


DOSAGE AND ADMINSTRATION 

Exertional Angina Pectoris Due to Atherosclerotic Cx 
nary Artery Disease or Angina Pectoris at Rest Due to Ct 
mary Artery Spasm. Dosage must be adjusted to each path 
needs. Starting with 30 mg four times daily, before meals an 
bedtime, dosage should be increased gradually (given in div 
doses three or four times daily) at one- to two-day intervals : 
optimum response is obtained. Although individual patients : 
respond to any dosage level the average optimum dosage rc 
appears to be 180 to 240 mg/day There are no available 
Concerning dosage requirements in patients with impaired ren: 
hepatic function. if the drug must be used in such patients, tifra 
should be carried out with particular caution. 

Concomitant Use With Other Antianginal Agents: 

1. Sublingual NTG may be taken as required to abort at 
anginal attacks during CARDIZEM therapy. 

2. Prophylactic Nitrate Theragy—CARDIZEM may be sa 
coadministered with short- and long-acting nitrates, but tl 
have been no controlled studies to evaluate the antiang 
effectiveness of this combination. 

3. Beta-blockers. (See WARNINGS and PRECAUTIONS} 


HOW SUPPLIED 
Cardizem 30-mg tablets are supplied in bottles of 100 f 
0088-1771-47) and m Unit Dose identification Paks of 100 {f 
0088-1771-49}, Each green tablet is engraved with MARION on 
side and 1771 engraved on the other CARDIZEM 60-mg sc 
tablets are supplied in bottles of 100 (NDC 0088-1772-47 and in | 
Dose identification Paks of 100 (NDC 0088-1772-49}. Each yel 
tablet is engraved with MARION on one side and 1772 on the othi 
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E њай those with moderate or mild impairment (МО max 10 to 18 mi/min/kg, group 2). They alsó ad loser r left 
and right ventricular ejection fractions at rest. During exercise, group 1 had a lower maximal heart rate and car- 
diac, stroke volume and stroke work indexes, but the other differences were insignificant. Despite the intergroup p 
differences, correlations between the various hemodynamic variables at rest and exercise capacity were gel | 
ally weak. During exercise, maximum cardiac index correlated closely with all measures of exercise capa 
and this largely reflected the patients’ ability to increase their heart rate. During subsequent follow-up, g 
patients had a significantly poorer short-term survival rate than group 2 (23% vs 79%, p <0.001). Thus, 
. .. eise capacity provides important data concerning cardiac function and prognosis in patients with congestive 
Vx heart failure. : 
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1 1043 Acute Hemodynamic Effect of a Vascular Antagonist of Vasopressin in Patients with кчы Hear 
F allure | 


PASCAL NICOD, BERNARD WAEBER, JEAN-PAUL BUSSIEN, JEAN J. GOY, GUSTAVE TURINI, 
 JURG NUSSBERGER, KARL G. HOFBAUER, and HANS R. BRUNNER | 


The effect of the intravenous administration of 5 ug/kg of d(CHs);Tyr(Me)AVP, a specific antagonist of vasopi 8- 
sin at the vascular receptor level, was studied in 10 patients with chronic refractory congestive heart f 
Nine patients showed no significant hemodynamic changes after the administration of the compound. Plasn 
vasopressin was only moderately elevated in a few of these patients. In contrast, 1 patient with marked hemody- 
namic instability showed a pronounced hemodynamic improvement soon after administration of the drug. H 
l plasma vasopressin level was markedly elevated (55 pg/ml). Thus, the role of vasopressin appears to be limited 3 
in most patients with congestive heart failure and moderately elevated plasma vasopressin, but may бе impor- * 
tant in a rare patient who presents with marked hemodynamic instability апа а very high plasma vasopressin | 
level. 


VALVULAR HEART DISEASE 





. 1048 Combined First-Pass and Equilibrium Radionuclide Ventriculography and он with Left 
Ventricular/Right Ventricular Stroke Count Ratio in Mitral and Aortic Regurgitation | 


HARALD KLEPZIG, Jr., RUDIGER STANDKE, THOMAS NICKELSEN, BERND KUNKEL, FRANK- 
DIETER MAUL, GUSTAV HOR, and MARTIN KALTENBACH 



























Effective and total left ventricular (LV) stroke volume were assessed in 31 patients with verified aortic or mitra 
regurgitation and in 22 patients with normal valvular function using combined first-pass/equilibrium radionucli 
ventriculography. The difference between these 2 volumes as a fraction of LV stroke volume was taken as the 
radionuclide regurgitant fraction. The results were compared with the LV/right ventricular (RV) stroke count ratio 
and with the angiographic regurgitant fraction. Radionuclide regurgitant fraction showed good reproducibilit 
Sensitivity was 100% for radionuclide regurgitant fraction and 87% for LV/RV stroke count ratio, with equal 
specificity (100%). Our method was better than the radionuclide ratio, especially in patients with additional | 
volume overload. Correlation between angiographic and radionuclide regurgitant fraction was close (r = 0.7 
p <0.001). It is concluded that combined first-pass/equilibrium radionuclide ventriculography is a sensitive, spe 
cific and well reproducible method for the evaluation of mitral and aortic regurgitation. т 





1054 Response of the Right Ventricle to Exercise in Isolated Mitral Stenosis 


MARC COHEN, STEVEN F. HOROWITZ, JOSEF MACHAC, BRUCE P. INO and 
VALENTIN FUSTER 


Supine rest and symptom-limited exercise radionuclide ventriculography, along with cardiac catheterization with 
hemodynamic measurements at rest and at peak exercise, were performed in patients with varying degrees 
isolated mitral stenosis in sinus rhythm. Four of the 8 patients underwent corrective mitral surgery and had r 
peat radionuclide ventriculography at rest and during exercise 1 to 2 months after surgery. Preoperatively, ali 
patients had an abnormal right ventricular ejection fraction (RVEF) response during exercise, coincident wit 
tients had an abnormal right ventricular ejection fraction (АМЕР) response during exercise, coincident witi 

`. increase in mean pulmonary artery pressure during exercise. The rest to exercise change in RVEF, correc 
for duration of exercise, correlated with peak mean pulmonary artery pressure during exercise, as well as 

: pulmonary vascular resistance at rest. Postoperatively, all 4 patients showed a normal exercise RVEF respo 
Thus, in patients with acquired valvular disease and no coronary disease (1) loading conditions and not co 
rime. determinants of right ventricular exercise response, and (2) an exercise-induce -dec 

| as sensitive marker for-an increased pulmonary vascular resistance and d pulmona 
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TOSHIBA'S DUPLEX DOPPLER. 


TWO NEW ANGLES ON 


Something exciting happened recently in ultra - 
sound diagnosis. Toshiba introduced the electronic 
duplex doppler system - and continuous wave 
imaging took a giant leap forward. 

It is the only doppler system, available today, 
with steerable receive focus in CW-mode. Ambiguous 
readings from aligned flows, as obtained with conven- 
tional CW-doppler systems can now be minimized, as 
the system sensitivity is highest at the crosspoint only. 

Using the same probe, you can switch from 





PULSED to CW Doppler and measure flows up to 
15m/s- more than twice the usual capacity. 

The SSH-40A phased array scanner has been 
developed for various cardiovascular applications of 
ultrasound. It is the most advanced diagnostic tool in 
its class. Employing Toshiba's renowned electronic 
circuit technology, the SSH-40A produces images of 
the highest clarity and resolution. The SSH-60A is a 
very compact, lightweight and highly mobile system 
with outstanding characteristics. 
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The duplex doppler sector probe. 
The receiver lateral beam position can be 


adjusted to scan at varying depths. Opti- 
mum sensitivity occurs where the emitted 
signal (red dotted line) and the received 
and focussed beam (light blue dotted line) 
intersect. 
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Observallore 


MARIAN C. LIMACHER, J. ANTHONY WARE, MICHAEL E. O'MEARA, GENARO C. FERNANDEZ, and 
JAMES B. YOUNG 


Two-dimensional and pulsed Doppler echocardiographic studies were performed in 81 pregnant women. wi 
new systolic murmurs and compared with studies from 26 nonpregnant control women. End-systolic right 
dimensions, early diastolic tricuspid anular diameters and end-diastolic right ventricular diameters were 
sured from the apical 4-chamber view. Tricuspid regurgitation (TR) was detected by Doppler echocardiog 
in 35 of 81 pregnant women. Echocardiographic studies were normal in 32 pregnant women and in all 26c 
women. Other valvular or congenital lesions were detected in 14 pregnant women. Right-sided measureme 
were larger in all pregnant women compared with controls (p <0.001). Tricuspid anular diameters were la 
in pregnant women with TR compared with those without Doppler evidence of TR (р <0, 015). Unsuspecte 

_ therefore, is frequently detectable by pulsed Doppler techniques during pregnancy and appears to be due tot 
tion of the tricuspid anulus. Clinically, it appeared to be a benign entity. 


1063 Relation of Angina Pectoris to Coronary Artery Disease in Aortic Valve Stenosis 


STEPHEN J. GREEN, ROY A. PIZZARELLO, VELLORE T. PADMANABHAN, LAWRENCE Y. ONG, 
MICHAEL H. HALL, and ANTHONY J. TORTOLANI 


Coronary angiography was performed in a group of 103 patients with isolated, severe aortic stenosis (AS) to d 
termine the prevalence of angiographically significant coronary artery disease (CAD) and to analyze its relati 
to angina pectoris. Angina was found to be significantly associated with CAD with a sensitivity of 78%, a spe‘ 
ficity of 53%, a predictive value of 57% and a risk ratio of 2.28. The absence of angina did not exclude angi 
graphically significant CAD, because 25% of patients without angina were shown to have CAD, with a high pr 3 
alence of single-vessel disease. Consequently, the absence of angina in patients with isolated, severe AS c do 
not reliably exclude CAD. Coronary angiography is needed to exclude CAD with accuracy. | 


EXPERIMENTAL STUDIES 


3 1066 Coronary Artery Spasm After Abrupt Withdrawal of Nitroglycerin in Rabbits 
ў WILLIAM С. REEVES, LAWRENCE COOK, MARY ANN WOOD, апа LAWRENCE WHITESELL 


The abrupt withdrawal of chronically applied topical nitroglycerin (NTG) and the subsequent administration of: e 
gonovine and indomethacin provoked electrocardiographic evidence of myocardial ischemia, malignant ventric- 
ular rhythm disturbances and myocardial infarction in an experimental rabbit model. These abnormalities were 
not provoked in rabbits that were not withdrawn from NTG. The probable mechanism for these abnormalities 
coronary artery spasm occurring during a vulnerable period shortly after abrupt discontinuation of chronic NTC 
administration. | | 


1070 Digoxin and the Susceptibility of the Canine Heart to Countershock-Induced Arrhythmia 
FERDINAND S. LEJA, DAVID E. EULER, and PATRICK J. SCANLON 


The effects of different doses of digoxin on the risk of arrhythmias after countershock were determined by del 
ering transthoracic direct-current shocks to 33 normal dogs and 6 dogs with infarcts. in 6 dogs treated with О 
digoxin (0.5 mg/day for 5 to 7 days), shocks delivered before and during treatment resulted in the same durati 
of postshock ventricular tachycardia. In 18 normal dogs and 6 dogs with infarcts, shocks given before and 9i 
minutes after intravenous digoxin (0.05 mg/kg) did not alter the duration of postshock ventricular arrhythmia. 
third series of shocks was given after additional digoxin (0.01 mg/kg) every 30 minutes until a premature ventric 
ular stimulus evoked a repetitive ventricular response. This subtoxic digitalization (serum levels 13.9 + 4.7 ng 
mi) increased the duration of postshock ventricular tachycardia in both normal dogs (100%) and dogs with in 
farcts (70096) (p <0.05). The data suggest a dose-dependency of digoxin on postshock arrhythmias, with thera 
peutic doses having no effect in either the normal or infarcted heart. 


1076 Endocardial Activation Mapping and Endocardial Pace-Mapping Using a Balloon Apparatus 


JAMES |. FANN, JEROD M. LOEB, JOSEPH LoCICERO, Ill, JAMES W. FREDERIKSEN, 
JOHN M. MORAN, and LAWRENCE L. MICHAELIS, With the technical assistance of 
CHRISTOPHER WHITSON and JOHN deTARNOWSKY 


The relation between endocardial activation mapping and endocardial pace-mapping was evaluated using г › 
ооп apparatus in 8 dogs. Activation mapping was performed during ventricular tachycardia (VT). produce 
lusion followed Py reperfusion of the left anterior 7 descending artery. Pace-map correlates {sites 
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ina wax matrix designed for gradual KCI dispérsal 
through the Gl tract, minimizing high.local concentrátions 


athe right salt 
aS which provides potassium-and-the-esSsential chloride ion 


the right-taste 


unlike liquids, there is no taste or aftertaste 
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“һе right price 


under 25¢ a day for the average patient' 


— "Slow-K 


potassium chloride 
Slow-release tablets 8 mEq (600 mg) 


20 million new and refill U.S. prescriptions since 1975 


“Capsule or tablet slow-release potassium chloride preparations should be 
reserved for patients who cannot tolerate, refuse to take or have compli- 
ance problems with liquid or effervescent potassium preparations, 
because of reports of intestinal and gastric ulceration and bleeding with 
slow-release KCI preparations. 
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Brief Summary of Prescribing Information 

DESCRIPTION 

Slow-K is a sugar-coated (not enteric-coated) tablet containing 600 mg potas- 
sium chloride (equivalent to B mEq) in a wax matrix. This formulation is intended 
to provide a controlled release of potassium from the matrix to minimize the 
likelihood of producing high localized concentrations of potassium within the 
gastrointestinal tract. 

INDICATIONS 

BECAUSE OF REPORTS OF INTESTINAL AND GASTRIC ULCERATION AND 
BLEEDING WITH SLOW-RELEASE POTASSIUM CHLORIDE PREPARATIONS, 
THESE DRUGS SHOULD BE RESERVED FOR THOSE PATIENTS WHO 
CANNOT TOLERATE OR REFUSE TO TAKE LIQUID OR EFFERVESCENT 
POTASSIUM PREPARATIONS OR FOR PATIENTS IN WHOM THERE IS A 
PROBLEM OF COMPLIANCE WITH THESE PREPARATIONS. 

1. For therapeutic use in patients with hypokalemia with or without metabolic 
alkalosis; in digitalis intoxication and in patients with hypokalemic familial 
periodic paralysis 

2. For prevention of potassium depletion when the dietary intake of potassium is 
inadequate in the following conditions: Patients receiving digitalis and diuretics 
for congestive heart failure; hepatic cirrhosis with ascites. states of aldosterone 
excess with normal renal function; potassium-losing nephropathy, and certain 
diarrheal states. 

3. The use of potassium salts in patients receiving diuretics for uncomplicated 
essential hypertension is often unnecessary when such patients have a normal 
dietary pattern. Serum potassium should be checked periodically, however, and, 
if hypokalemia occurs, dietary supplementation with potassium-containing 
foods may be adequate to control milder cases. In more severe cases supple- 
mentation with potassium salts may be indicated 

CONTRAINDICATIONS 

Potassium supplements are contraindicated in patients with hyperkalemia since 
a further increase in serum potassium concentration in such patients can pro- 
duce cardiac arrest. Hyperkalemia may complicate any of the following condi- 
tions: chronic renal failure, systemio acidosis such as diabetic acidosis, acute 
dehydration, extensive tissue breakdown as in severe burns, adrenal insuffi- 
ciency, or the administration of a potassium-sparing diuretic (eg, spironolactone, 
triamterene) 

Wax-matrix potassium chloride preparations have produced esophageal ulcera- 
ae ın certain Cardiac patients with esophageal compression due to an enlarged 
ett atrium 

All solid dosage forms of potassium supplements are contraindicated in any 
patient in whom there is cause for arrest or delay in tablet passage through the 
gastrointestinal tract. In these instances, potassium supplementation should be 
with a liquid preparation 

WARNINGS 

Hyperkalemia: In patients with impaired mechanisms for excreting potassium, 
the administration of potassium salts can produce hyperkalemia and cardiac 
arrest. This occurs most commonly in patients given potassium by the intra- 
venous route but may also occur in patients given potassium orally Potentially 
fatal hyperkalemia can develop rapidly and be asymptomatic 

The use of potassium salts in patients with chronic renal disease. or any other 
condition which impairs potassium excretion. requires particularly careful 
monitoring of the serum potassium concentration and appropriate dosage 
adjustment 

Interaction with Potassium-Sparing Diuretics: Hypokalemia should not be treated 
by the concomitant administration of potassium salts and a potassium-sparing 
diuretic (eg, spironolactone or triamterene), since the simultaneous administra- 
tion of these agents can produce severe hyperkalemia 

Gastrointestinal lesions: Potassium chloride tablets have produced stenotic 
and/or ulcerative lesions of the small bowel and deaths These lesions are 
Caused by a high localized concentration of potassium ion in the region of a 
rapidly dissolving tablet, which injures the bowel wall and thereby produces 
obstruction, hemorrhage, or perforation. Slow-K is a wax-rnatrix tablet formulated 
to provide a controlled rate of release of potassium chloride and thus to minimize 
the possibility of a high local concentration of potassium ion near the bowel wall 
While the reported frequency of small-bowel lesions is much less with wax-matrix 
tablets (less than one per 100,000 patient-years) than with enteric-coated 
potassium chloride tablets (40-50 per 100,000 patient-years), cases associated 
with wax-matrix tablets have been reported both in foreign countries and in the 
United States. In addition, perhaps because the wax-matrix preparations are not 
enteric-coated and release potassium in the stomach, there have been reports of 
upper gastrointestinal bleeding associated with these products. The total num- 
ber of ipei lesions remains approximately one per 100,000 patient- 
years. Slow-K should be discontinued immediately and the possibility of bowel 
obstruction or perforation considered if severe vomiting, abdominal pain, disten- 
lion, or gastrointestinal bleeding occurs 

Metabolic acidosis: Hypokalemia in patients with metabolic acidosis should be 
treated with an alkalinizing potassium salt such as potassium bicarbonate, 
potassium citrate, or potassium acetate 

PRECAUTIONS 

The diagnosis of potassium depletion is ordinarily made by demonstrating 
hypokalemia in a patient with a clinical history suggesting some cause for potas- 
sium depletion. In interpreting the serum potassium level, the physician should 
bear in mind that acute alkalosis per se can produce hypokalemia in the absence 
of a deficit in total body potassium, while acute acidosis per se can increase the 
serum potassium concentration into the normal range even in the presence of a 
reduced total body potassium. The treatment of potassium depletion, particularly 
in the presence of cardiac disease, renal disease, or acidosis, requires careful 
attention to acid-base balance and appropriate monitoring of serum electrolytes, 
the electrocardiogram, and the clinical status of the patient 

ADVERSE REACTIONS 

The most common adverse reactions to oral potassium salts are nausea, vomit- 
ing, abdominal discomfort, and diarrhea. These symptoms are due to irritation of 
the gastrointestinal tract and are best managed by diluting the preparation 
further, taking the dose with meals, or reducing the dose 

One of the most severe adverse effects is hyperkalemia (see Contraindications. 
Warnings and Overdosage). There also have been reports of upper and lower 
pores conditions including obstruction, bleeding, ulceration and per- 
oration (see Contraindications and Warnings); other factors known to be associ- 
ated with such conditions were present in many of these patients. Skin rash has 
been reported rarely. 
DOSAGE AND ADMINISTRATION 
The usual dietary intake of potassium by the average adult is 40 to 80 mEq per 
day. Potassium depletion sufficient to cause hypokalemia usually requires the 
loss of 200 or more mEq of potassium from the total body store Dosage must be 
adjusted to the individual needs of each patient but is typically in the range of 
20 mEq per day for the prevention of hypokalemia to 40-100 mEq per day or more 
for the treatment of potassium depletion 
Note: Slow-K slow-release tablets must be swallowed whole and never crushed 


or chewed. CB2-58 (Rev 1/83) 
Consult complete product literature before prescribing. 
Dist. by: 128-7893-A 


CIBA Pharmaceutical Company 
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Summit, New Jersey 07901 


CIBA 


^ Е 


err 3 E Кусы, TTY 

i> ید ےا‎ се "Ln е = * a 7 om eS? 0 » "a v Ft 
asp f Data on Ne. CIBA Pharmaceutica Company pi dd OO L zi 
` SLOW-K* potassium chloride slow-release tablets 








review all the facts in full | 


POSES аА СОРДЫ, OCDE mm ER IE 


12 


An important new book оп 
§ today’s most virulent epidemic 


n 


we 
аА 


From the Publishers of The American Journal of Medicine, _ 


The American Journal of Surgery, and Cutis 





` Deficieno 


Syndrome (AIDS) 
and Infections of 7 
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edited by Pearl Ma, PhD, and Donald Armstrong, _ 
MD with a foreword by David J. Sencer, MD, Com- | 
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Department of Health and Human Services 
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AIDS has become one of the most publicized diseases in modern times. 
It has produced fear and confusion in the general public and presented a 
formidable challenge to the medical community. Physicians and scientists 
have begun work on managing this epidemic, disease control centers con- 
tinue to search for answers, and the federal government has declared - 
AIDS the number one health priority of the nation. For any physician or 
other health care professional interested in the prevention and cure of 
this modern epidemic, this book is an indispensable guide to recognizing 
and treating AIDS and other sexually transmitted diseases. od 
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ial pacing ургодисед а similar ans orko to that of the vow were » determi soc 

“constructed for activation mapping and pace-mapping. There were 29 morphologically distinct TS. 
sodes, pace-mapping confirmed the findings of activation mapping (total number of early sites [tS] : 
number of pace-map correlates [tPMC] = 88, tES same as tPMC = 19). In 9 episodes, pace-mapping wher 
with activation mapping appeared to further delineate the region of arrhythmogenesis (tES — 31, tPMC = 
same as tPMC = 14). In 6 episodes, there was no correlation between pace-mapping and activation map 

` (ES = 15, tPMC = 0). With the balloon apparatus, endocardial activation mapping can be performed witht 

` need for sustained monomorphic VT. By comparing pace-map correlates with early sites and using the iso 

nous maps, a refined view of the conduction of VT may be obtained. 


| 1085 Ectopic Ventricular Tachycardia Sensitive to Calcium Antagonists in Acute Myocardial Infarction 

Dogs | | 
TOSHIHISA MIYAZAKI, SATOSHI OGAWA, KENJI SAKURAI, HIDEZO MORI, HAJIME YAMAZAKI, i 
YOSHIRO NAKAMURA Е E 


Effects of antiarrhythmic agents on automatic ventricular tachycardia (VT) that emerged in the early sta 
acute myocardial infarction were examined in 30 close-chest mongrel dogs. Antiarrhythmic agents we 
ministered intravenously when the rate of VT became almost equal to the sinus rate (5.6 + 1.4 hours). VT 
slowed significantly but verapamil, diltiazem, propranolol and amiodarone, but not by procainamide, lido 
nifedipine and nicorandil. The number of ventricular premature complexes was reduced most effectiv 
verapamil. Significant suppressive effects of calcium antagonists and propranolol suggest that an inward 
cium current during diastole may play a critical role in the enhancement of ventricular automaticity in the 
stage of acute myocardial infarction. 


1091 Estimation of Mechanical Stresses on Closed Cusps of Porcine Bioprosthetic Valves: Effects of 
Stiffening, Focal Calcium and Focal Thinning 


HANI N. SABBAH, MOHAMED S. HAMID, and PAUL D. STEIN 


The magnitude and distribution of mechanical stresses acting on closed cusps of porcine bioprosthetic г 


were estimated using a finite element model. Leaflet stresses were estimated in the presence ог absent 
overall leaflet stiffening. The effects of focal calcium and focal thinning on leaflet stresses were also d 
mined. Closed valves in the mitral position were predicted to experience higher stresses than closed valv 
the aortic position. A site of stress concentration developed near the center of the leaflet when tissue stiffen 
was introduced. Focal calcium or focal thinning of the leaflet caused marked gradients of stress between thi 
of calcium or thinning and the immediate surrounding tissue. Sites of mechanical stress concentration or s 
gradients appear to be compatible with sites of leaflet calcification or disruption. Such stresses may contr 
to spontaneous degeneration of bioprosthetic valves. 


1097 Measurement of Severity of Aortic Stenosis Experimentally Produced in Dogs Without Inserting a | 
Catheter into the Left Ventricie 


SEISUKE NAKATA, MOTOAKI SUGAWARA, HISAE HAYASHI, and HITOSHI KOYANAGI 


A new method of measuring the aortic valve pressure gradient without inserting a catheter into the left ven r 
was demonstrated. As the flow passes through an orifice, the pressure loss does not occur in the laminar с 
of the jet distal to the stenosis. Therefore, the total pressure measured in the laminar core of the jet downstt rea 
of a stenotic aortic valve is equal to that of the left ventricule. This fact was confirmed by animal experimen 
and the method was applied to a patient. The pressure waveforms measured in the laminar core of the jet диги 
the ejection period were nearly the same as those in the left ventricle. Although this method cannot provide 
formation on left ventricular function during diastole, it provides complete information during systole without 1 
serting the catheter into the left ventricle. | 


1102 End-Systolic Left Ventricular Pressure-Dimension Shift During Acute Relief of Volume Overload in the 
Conscious Dog 


BERTRAND CROZATIER, OLIVIER BICAL, JEAN-PIERRE BELOT, and DOMINIQUE CAILLET, With tho 
technical assistance of MONIQUE LAPLACE 
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opear Modified, in the conscious state, by changes of end-diastolic dimensions for the same end-systolic — 
— ure. It is suggested that indexes obtained from end-systolic pressure-dimension relations should not be — 


n patients when systolic pressure variations are associated with large stroke volume variations. a 


RICAL STUDIES 











' From Irritable to Mitral Valve Prolapse: British Army Medical Reports, 1860 to 1870 















|... CHARLES Е. WOOLEY | 














EDITORIALS | | 
0 Effect of Vasodilators on Survival in Chronic Congestive Heart Failure 


.... CURT D. FURBERG and SALIM YUSUF | 


| 3 To Beat or Not to Beat: Arguments For Use of the Term Ventricular Premature Depolarization 





| “PEDRO BRUGADA and HEIN J.J. WELLENS | | 


C 25 YEARS AGO | 











ROM THE EDITOR 












e 


— 
$3 
Ж, 










ETTERS 


| INSTRUCTIONS TO AUTHORS on page 1084 
i CME test on page 1000 























| Books Received page 947 








3 eRe as) 
zi NV 

E WEE 

E: КО Aly 


















CITRUS FRUIT-PUNCH 


KLYTE/GL 


'aution: Federal Law Prohibits Dispensing Without Prescription 


{-Lyte/Cl® 50 Each tablet in solution provides the equivalent of 50 mEq (3730 mg) potassium 
hloride (supplied by 2.24 gm potassium chloride, 2.0 gm potassium bicarbonate and 3.65 gm 
lysine monohydrochloride) and 1.0 gm citric acid. 


&-Lyte/Cl* Each tablet in solution provides the equivalent of 25 mEq (1865 mg) potassium chloride 
supplied by 1.5 gm potassium chloride, 0.5 gm potassium bicarbonate and 0.91 gm L-lysine 
nonohydrochloride) and 0.55 gm citric acid. 


JESCRIPTION 

&-Lyte/Cl 50 and K-Lyte/Cl are oral potassium and chloride supplements. Each K-Lyte/Cl* 50 
nEq tablet in solution provides the equivalent of 50 mEq (3730 mg) potassium chloride (supplied 

¥ 2.24 g potassium chloride, 2.0 gm potassium bicarbonate and 3.65 gmL-lysine monohyd- 
ochloride) and 1.0 gm citric acid. 


Each K-Lyte/Cl* tablet in dap Hines the equivalent of 25 mEq (1865 me) potassium chloride 
supplied by 1.5 potassium chloride, 0.5 gm potassium bicarbonate and 0.91 gm L-lysine 
nonohydrochloride) and 0.55 gm citric acid. 


INDICATIONS AND USAGE 

All K-Lyte® products are used for therapy or prophylaxis of potassium deficiency. They are useful 
vhen thiazide diuretics, corticosteroids, or vomiting and diarrhea cause excessive potassium loss; 
ind when dietary potassium is low. These products may also be useful when potassium therapy 

s indicated in digitalis intoxication. K-L YTE/Cl and K-LYTE/CI 50 are recommended in the 
nanagement of hypokalemia accompanied by metabolic alkalosis and hypochloremia, e.g., as 
nduced by vomiting. 


ZONTRAINDICATIONS 

?otassium supplements are contraindicated in patients with hyperkalemia since a further increase 
nserum potassium concentration in such patients can produce cardiac arrest. Hyperkalemia may 
‘omplicate any of the following conditions; chronic renal impairment, metabolic acidosis such as 
liabetic acidosis, acute dehydration, extensive tissue breakdown as in severe burns or adrenal 
nsufficiency. Hypokalemia should not be treated by the concomitant administration of potassium 
alts and potassium-sparing diuretic (e.g., spironolactone or triamterene), since the simultaneous 
idministration of these agents can produce severe hyperkalemia. 


VARNINGS 

n patients with impaired mechanisms for excreting potassium, the administration of potassium 
salts can produce hyperkalemia and cardiac arrest. This occurs most commonly in 
patients given potassium by the intravenous route but may also occur in pa- 
tients given potassium orally. Potentially fatal hyperkalemia can develop 
rapidly and may be asymptomatic. The use of potassium salts in pa- 
tients with chronic renal disease, or any other condition which 
impairs potassium excretion, requires particularly careful 
monitoring of the serum potassium concentration and 
appropriate dosage adjustment. 


PRECAUTIONS 

General precautions — The diagnosis of potassium 

depletion is ordinarily made by demonstrating 

hypokalemia in a patient with a clinical history 

suggesting some cause for potassium depletion. 
en interpreting the serum potassium level, the 

physician should bear in mind that acute alkalosis 


ET ni á | per secan produce hypokalemia in the absence of 
ШТ Ba Г a deficit in total body potassium, while acute 
" _ : и 








acidosis per se can increase the serum potassium 


SMIRK: concentration into the normal range even in the 












Unmatched safety of liquids, in convenient forms and 
strengths and pleasant-tasting flavors. 


KLYTE 


* effervescent tablets with delicious citrus 
or fruit-punch flavor 


* each tablet in solution provides 25 mEq 
potassium chloride 


KLYTE/GL 50 


* provides 50 mEq potassium 
chloride for once-a-day 
convenience 
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presence of reduced total body potassium. Therefore, the treatment of potassium depletion 
requires careful attention to acid-base balance and appropriate monitoring of serum electrolytes, 
the ECG, and the clinical status of the patient. 


Information for Patients Ss 
To minimize the possibility of gastrointestinal irritation associated with the oral павы of M. 
concentrated potassium salt preparations, patients should be carefully directed to dissolve each — К 
dose completely in the stated: amount of water. 2 


Laboratory Tests К! 
Frequent clinical evaluation of the patient should include ECG and serum potassium E 
determinations. y 
Drug Interactions 

The simultaneous administration of potassium supplements and a potassium-sparing diuretic can 
produce severe hyperkalemia (see Contraindications). 


Potassium supplements should be used cautiously in patients who are using salt substitutes 
because most of the latter contain substantial amounts of potassium. Such concomitant use could 
result in hyperkalemia. 

Usage in Pregnancy 

Pregnancy Category C — Animal reproduction studies have not been conducted with any of the 
K-LYTE products. It is also not known whether these products can cause fetal harm when 
administered to a pregnant woman or can affect reproduction capacity. They should be given to 
a pregnant woman only if clearly needed. 

Nursing Mothers 

Many drugs are excreted in human milk and because of the potential for serious adverse reactions 
in nursing infants from oral potassium supplements, a decision should be made whether to 





discontinue nursing or discontinue the drug, taking into account the importance of the drug to — 
the mother. ШҮ: | 


Usage in Children 

Safety and effectiveness in children have not been established. ^ 
ADVERSE REACTIONS $ 
The most common adverse reactions to oral potassium supplements are nausea, vomiting, diarrhea 

and abdominal discomfort. These side effects occur more frequently when the medication is not 
taken with food or is not diluted properly or dissolved completely. 

Hyperkalemia occurs only rarely in patients with normal renal function receiving potassium Y 
supplements orally. Signs and symptoms of hyperkalemia are cardiac arrhythmias, mental E. 
confusion, unexplained ишү, numbness or tingling in hands, feet or lips, shortness of breath —  . 
or difficult breathing, unusual tiredness or weakness and weakness or heaviness of legs (see 
Contraindications, Warnings and Overdosage). 

How Supplied 

K-Lyte/Cl® Effervescent Tablets (citrus or fruit punch flavors) are available in cartons of 30, 100 
and 250. K-Lyte/Cl® 50 Effervescent Tablets (citrus or fruit punch flavors) are available in cartons f 
of 30 and 100. Each tablet is individually foil wrapped. ا‎ 
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ЧАКЕНҮТАМІА 


СОМТКОШМС, 
THE IMPULSIVE 
HEART 


NORMALIZES MANY SUPRAVENTRICULAR 
TACHYCARDIAS 


INDERAL* (propranolol HCl) is a primary agent of control for a 
broad range of supraventricular arrhythmias. Predictable 
response and a long-established safety profile make INDERAL— 
the only beta blocker indicated for arrhythmia—a widely used 
agent in the treatment of supraventricular tachycardias. 


SUPPRESSES VENTRICULAR ARRHYTHMIA, 
POST-MI 


Now a major new INDERAL indication—to significantly improve 
Survival in postinfarction patients*—consistent with its antiar- 
rhythmic efficacy. INDERAL reduced ventricular arrhythmia post- 
MI by 43% in the Beta-Blocker Heart Attack Trial (BHAT)' when 
compared to placebo at six weeks. Moreover, INDERAL often is 
the drug of choice for ventricular arrhythmias induced by 
digitalis or by excessive catecholamines. 


CONTROL—WITHOUT COMPROMISING 
PATIENT ACCEPTANCE 


INDERAL is very well suited for long-term arrhythmia 
management. And the wide therapeutic index of INDERAL 
permits appropriate individualized dosing. Patient 

selection is important. But when the impulsive heart presents— 
arrhythmia alone or with coexisting hypertension or angina 
—only INDERAL offers the comprehensive control that can 

treat and protect. 


TABLETS 


TREATS AND 
PROTECTS 


*After the patient has survived the acute phase of myocardial infarction and is 
clinically stable. 

tPlease see next page for brief summary of prescribing information, including 
contraindications and side effects. 
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TABLETS 


| TREATS AND PROTECTS 


EB 6 10mg 20mg 40mg 







E RIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR.) 
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Au Pr. Л 
а RAL® (propranolol hydrochloride) Tablets 
NG Bee nt (propranolol hy ) 


CLINICAL PHARMACOLOGY 
at he Beta-Blocker Heart Attack Trial (BHAT) was a National Heart, Lung and Blood Institute- 

2: 'onsored multicenter, randomized, double-blind placebo-controlled trial conducted in 31 

.S. centers (plus one in Canada) in 3,837 persons without history of severe congestive heart 

lure or presence of recent heart failure; certain conduction defects; angina since infarction, 

10 had survived the acute phase of myocardial infarction. Propranolol was administered at 

either 60 or 80 mg t.i.d. based on blood levels achieved during an initial trial of 40 mg t.i.d. 

erapy with INDERAL, begun 5-21 days following infarction, was shown to reduce overall 

mortality up to 39 months, the longest period of follow-up. This was primarily attributable to a 

_ reduction in cardiovascular mortality The protective effect of INDERAL was consistent 

. regardless of age, sex or site of infarction. Compared to placebo, total mortality was reduced 

7e at 12 months and 26?6 over an average follow-up period of 25 months. The Norwegian 

` Multicenter Trial in which propranolol was administered at 40 mg q.i.d. gave overall results 

-. Which support the findings in the BHAT. 

y ... Although the clinical trials used either t.i.d. or q.i.d. dosing, clinical, pharmacologic and 
Ot оһагтасокіпеііс data provide a reasonable basis for concluding that b.i.d. dosing with pro- 
r гало! should be adequate in the treatment of post-infarction patients. 

~~ CLINICAL: In the BHAT, patients on INDERAL were prescribed either 180 mg/day (82% of 

—' patients) or 240 mg/day (18% of patients). Patients were instructed to take the medication 3 

—-— .. fimes a day at mealtimes. This dosing schedule would result in an overnight dosing interval of 

_ 121014 hours which is similar to the dosing interval for a b.i.d. regimen. In addition, blood 

-— — samples were drawn at various times and analyzed for propranolol. When the patients were 

— grouped into tertiles based on the blood levels observed and the mortality in the upper and 

— - lower tertiles were compared, there was no evidence that blood levels affected mortality 

| PHARMACOLOGIC: Studies in normal volunteers have shown that a 90 mg b.i.d. regimen 
Lo Жалеп beta blockade at, or above, the minimum for 60 mg t.i.d. dosing for 24 hours even 

. though differences occurred at two time intervals. At 10-12 hours after the first dose of the дау, 
иа. dosing gave more beta blockade than b.i.d. dosing; at 20-24 hours the trend of the rela- 


УЕ /. tionship was reversed. These relationships were similar in direction to those observed for 


En. 


























اک 


plasma propranolol levels (see Pharmacokinetic). 
PHARMACOKINETIC: A bioavailability study in normal volunteers showed that the blood 
--.. levels produced by 180 mg/day given b.i.d. are below those provided by the same daily dos- 
ES _ age given t.i.d. at 10-12 hours after the first dose of the day but above those of a t.i.d. regimen 
Es .. 8t 20-24 hours. However, the blood levels produced by b.i.d. dosing were always equivalent 
` toor above the minimum for t.i.d. dosing throughout the 24 hours. In addition, the mean AUC 
-. . enthe fourth day for the b.i.d. regimen was about 17% greater than for the t.i.d. regimen (1,194 


VS. 1,024 ng/ml hr). 

E Vu CONTRAINDICATIONS 
= INDERAL is contraindicated in 1) cardiogenic shock, 2) sinus bradycardia and greater than 
—— — first degree block, 3) bronchial asthma, 4) congestive heart failure (see WARNINGS) unless 


= thefailure is secondary toa (penam de T cris with INDERAL. 
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w `` CARDIAC FAILURE: Sympathetic stimulation may be a vital component supporting circula- 
_ — tory function in patients with congestive heart failure, and its inhibition by beta blockade may 
NU Ee more severe failure. Although beta blockers should be avoided in overt conges- 
= tive heart failure, if necessary they can be used with close follow-up in patients with a history 
. . Of failure who are well compensated and are receiving digitalis and diuretics. Beta- 
. adrenergic blocking agents do not abolish the inotropic action of digitalis on heart muscle. 
IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of beta blockers 
can, in some cases, lead to cardiac failure. Therefore, at the first sign or symptom of heart 
failure, the patient should be digitalized and/or treated with diuretics, and the response 


observed closely, or INDERAL should be discontinued (gradually, if possible). 
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IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
апаа апа, insome cases, myocardial infarction, following abrupt discontinuance of 
INDERAL therapy. Therefore, when discontinuance of INDERAL is planned the dosage 

. Should be gradually reduced over at least a few weeks and the patient should be cau- 

| tioned against interruption or cessation of therapy without the physician's advice. If 

. INDERAL therapy is interrupted and exacerbation of angina occurs, it usually is advis- 

. able to reinstitute INDERAL therapy and take other measures appropriate for the man- 

` agement of unstable angina pectoris. Since coronary artery disease may be 
-unrecognized, it may be prudent to follow the above advice in patients considered at risk 
bl eM, occult atherosclerotic heart disease who are given propranolol for other 

| indications. 
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iy Я : кене Bronchospasm (e.g., chronic bronchitis, emphysema)— PATIENTS WITH 
y “i BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA BLOCKERS. 
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INDERAL (propranolol hydrochloride) should be administered with caution since it may block 
bronchodilation produced by endogenous and exogenous catecholamine stimulation of beta 
receptors. 

MAJOR SURGERY: The necessity or desirability of withdrawal of beta-blocking therapy 
prior to major surgery is controversial. It should be noted, however, that the impaired ability of 
the heart to respond to reflex adrenergic stimuli may augment the risks of general anesthesia 
and surgical procedures. 

INDERAL, like other beta blockers, is a competitive inhibitor of beta-receptor agonists and 
its effects can be reversed by administration of such agents, e.g., dobutamine or isopro- 
terenol. However, such patients may be subject to protracted severe hypotension. Difficulty in 
starting and maintaining the heartbeat has also been reported with beta blockers. 

DIABETES AND HYPOGLYCEMIA: Beta-adrenergic blockade may prevent the appear- 
ance of certain premonitory signs and symptoms (pulse rate and pressure changes) of acute 
hypoglycemia in labile insulin-dependent diabetes. In these patients, it may be more difficult 
to adjust the dosage of insulin. 

THYROTOXICOSIS: Beta blockade may mask certain clinical signs of hyperthyroidism. There- 
fore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms of 
petaron including thyroid storm. Propranolol does not distort thyroid function tests. 

N PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been 
reported in which, after propranolol, the tachycardia was replaced by a severe bradycardia 
requiring a demand pacemaker. In one case this resulted after an initial dose of 5 mg | 


propranolol. 

PRECAUTIONS 
General: Propranolol should be used with caution in patients with impaired hepatic or renal 
function. INDERAL is not indicated for the treatment of hypertensive emergencies. 

Beta-adrenoreceptor blockade can cause reduction of intraocular pressure. Patients 
should be told that INDERAL may interfere with the glaucoma screening test. Withdrawal may 
lead to a return of increased intraocular pressure. 

Clinical Laboratory Tests: Elevated blood urea levels in patients with severe heart disease, 
elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase. 

DRUG INTERACTIONS: Patients receiving catecholamine-depleting drugs such as reser- 
pine should be closely observed if INDERAL is administered. The added catecholamine- 
blocking action may produce an excessive reduction of resting sympathetic nervous activity 
which may result in hypotension, marked bradycardia, vertigo, syncopal attacks, or ortho- 
static hypotension. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term studies in animals have 
been conducted to evaluate toxic effects and carcinogenic potential. In 18-month studies in 
both rats and mice, employing doses up to 150 mg/kg/day, there was no evidence of signifi- 
cant drug-induced toxicity There were no drug-related tumorigenic effects at any of the dos- 
age levels. Reproductive studies in animals did not show any impairment of fertility that was 
attributable to the drug. 

Pregnancy: Pregnancy Category C. INDERAL has been shown to be embryotoxic in animal 
studies at doses about 10 times greater than the maximum recommended human dose. 

There are no adequate and well-controlled studies in pregnant women. INDERAL should 
be used during pregnancy only if the potential benefit justifies the potential risk to the fetus. 

Nursing Mothers: INDERAL is excreted in human milk. Caution should be exercised when - 
INDERAL is administered to a nursing woman. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 
Most adverse effects have been mild and transient and have rarely required the withdrawal of 
therapy 

Cardiovascular: bradycardia; congestive heart failure; intensification of AV block; hypoten- 
sion; paresthesia of hands; thrombocytopenic purpura; arterial insufficiency, usually of the 
Raynaud type. 

Central Nervous System: Lightheadedness; mental depression manifested by insomnia, 
lassitude, weakness, fatigue; reversible mental depression progressing to catatonia; visual 
disturbances; hallucinations; an acute reversible syndrome characterized by disorientation 
for time and place, short-term memory loss, emotional lability, slightly clouded sensorium, 
and decreased performance on neuropsychometrics. 

Gastrointestinal: nausea, vomiting, epigastric distress, abdominal cramping, diarrhea, 
constipation, mesenteric arterial thrombosis, ischemic colitis. 

Allergic: pharyngitis and agranulocytosis, erythematous rash, fever combined with aching 
and sore throat, laryngospasm and respiratory distress. 

Respiratory: bronchospasm. 

Hematologic: agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic 
purpura. 

Auto-Immune: In extremely rare instances, systemic lupus erythematosus has been 
reported. 

Miscellaneous: alopecia, LE-like reactions, psoriasiform rashes, dry eyes, male impo- 
tence, and Peyronie's disease have been reported rarely Oculomucocutaneous reactions 
involving the skin, serous membranes and conjunctivae reported for a beta blocker (practo- 
lol) have not been associated with propranolol. 

*The appearance of INDERAL tablets is a registered trademark of Ayerst Laboratories. 
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Acute Myocardial Infarction Treated with Intracoronary 
Streptokinase: A Report of the Society for 
Cardiac Angiography * 


J. WARD KENNEDY, MD, GOFFREDO G. GENSINI, MD, GERALD C. TIMMIS, MD, 
and CHARLES MAYNARD, MA 





The Society for Cardiac Angiography maintains a 
registry of intracoronary streptokinase therapy 
(IC-SK) in patients with acute myocardial infarction. 
Between July 1981 and August 1984, 1,029 patients 
were entered into the registry. The baseline and 
clinical characteristics of patients were determined, 
the early results of therapy were evaluated, and 
-baseline characteristics of those in whom reperfu- 
sion was achieved were compared with those in 
whom it was not. Multivariate discriminant analysis 
was used to identify the predictors of reperfusion and 
hospital mortality. The overall rate of reperfusion 
was 71.296. Reperfusion was positively associated 
with hypotension, absence of cardiogenic shock and 





early treatment. The hospital mortality rate for all 


patients was 8.2% and was higher for women and — 


the elderly. The hospital mortality was significantly 
lower among patients in whom reperfusion was 
achieved compared with those in whom it was not 
(5.596 vs 14.796, p «0.0001) and for several 
high-risk subgroups. 

Thus, coronary artery reperfusion induced by 
IC-SK significantly reduces hospital mortality in 


high-risk patients with acute myocardial infarction. 
High-risk patients in whom reperfusion fails with | 
IC-SK therapy should be considered for early | 


coronary angioplasty or coronary artery bypass 
surgery. (Am J Cardiol 1985;55:87 1-877) 





During the last 5 years there has been a striking change 
in the early management of acute myocardial infarction 


* Registry Committee for the Society for Cardiac Angiography: Goffredo 
Gensini, MD, Chairman; Mahdi Al-Bassam, MD, Joseph R. Dorchak, MD, 
Robert M. Green, MD, John Hirshfeld, MD, Sarah Johnson, MD, J. Ward 
Kennedy, MD, Kenneth M. Kent, MD, Stephen B. King, MD, Ronald J. 
Krone, MD, Gordon A. Logan, MD, Michael D. Moscovich, MD, Richard 
K. Myler, MD, Thomas J. Noto, MD, Sven Paulin, MD, Augusto Pichard, 
MD, Fred Schoonmaker, MD, Gerald C. Timmis, MD, and George W. 
Vetrovec, MD. Manuscript received and accepted January 7, 1985. 

Address for reprints: Society for Cardiac Angiography, 9500 Euclid 
Avenue, Cleveland, Ohio 44106. 
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(AMI) as a result of several important clinical and lab- 
oratory investigations. During the mid-1970s there were 
efforts to limit infarct size with the use of various drugs. 
Although these interventions may have had a sound 
physiologic basis and been of some benefit, they were 
not successful in reducing the mortality rate of AMI.! 
At the same time, experimental studies in animals 
clearly demonstrated that coronary reperfusion after 
varying periods of coronary occlusion resulted in salvage 
of ischemic myocardium.?? In a few clinical centers, 
coronary artery reperfusion using coronary artery by- 
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TABLE! Variables Used in Linear Discriminant Analysis 


Age 

Sex 

Time from onset of symptoms to hospital admission 
Time from onset of pain to streptokinase therapy 
History of myocardial infarction 

Prior bypass surgery 


. History of congestive heart failure 


Ongoing chest pain 


. Hemodynamically stable 


Hypotension 
Cardiogenic shock 


` Direct-current cardioversion 


Moribund 


. . Balloon pump 


Number of diseased vessels 


` Location of thrombus 
. Reperfusion 


Death in hospital 


pass surgery within the first 6 hours after the onset of 
AMI resulted in unexpectedly low mortality and ap- 
parent improvement in long-term survival.*° For many 
years the role of coronary artery thrombosis in the 


` pathogenesis of AMI was controversial. This contro- 


versy ended when early coronary arteriography in pa- 


` tients with AMI almost always revealed coronary artery 


thrombus. In this scientific climate, the initial reports 
of successful thrombolysis with the use of intracoronary 


streptokinase (IC-SK) in patients with AMI? were 


quickly followed by a number of reports describing the 
results of the new therapy.9-!? More recently, additional 
reports about the results of IC/SK have been pub- 


. lished.!?-!6 To collect additional information about 
_ thrombolytic therapy, the Society for Cardiac Angiog- 


raphy began an intracoronary streptokinase registry. 
Between July 1, 1981, and August 1, 1984, 1,029 pa- 


_ tients were registered by 35 laboratories. In this report, 
. we present the clinical and hemodynamic characteristics 
` of these patients, the efficacy of thrombolytic therapy 


relative to coronary reperfusion, and the hospital mor- 
bidity and mortality rates. There are no results from 


` control patients with which to compare these results. 


We therefore compare the patients in whom IC-SK re- 
sulted in reperfusion with those in whom the therapy 
was unsuccessful. In making these comparisons, we do 
nót assume that patients in whom reperfusion is not 
achieved have the same characteristics as an untreated 


- control group. 


We recognize the limitations of observational, un- 
controlled studies in the evaluation of new forms of 
therapy. We also believe that it is difficult or impossible 
to study high-risk subgroups of patients with controlled, 
randomized trials. Because there may be important 
differences in the risk and benefit of IC-SK therapy for 
various subgroups of patients, a registry that includes 
enough patients in these subgroups may contribute 


important information that may not be available 


from other sources. Thus, we believe that this multi- 
institutional registry study will complement infor- 
mation obtained from controlled trials. 


Methods 


This streptokinase registry is a voluntary activity of the 


Society in which members report clinical, angiographic and 


short-term outcome information on patients with AMI who 


TABLE Il Patient Enrollment in Society for Cardiac 


Angiography Streptokinase Registry 





Laboratory No. of Pts Enrolled 
St. Vincent's, New York, NY 120 
Straub Clinic, Honolulu, HI 34 
Vanderbilt University, Nashville, TN 10 
Lancaster General, Lancaster, PA 53 
St. Joseph's, Syracuse, NY 208 
Mt. Sinai, Miami, FL 11 
St. Luke's, New York, NY 13 
Burgess Hospital, Kalamazoo, MI 20 
St. Louis University, St. Louis, MO 19 
St. Luke's, Denver, CO 15 
Mercy Hospital, Charlotte, NC 19 
Wm. Beaumont, Royal Oak, MI 188 
Crouse Irving Hospital, Syracuse, NY 21 
Emery University Hospital, Atlanta, GA 11 
U.S.C. Medical Center, Los Angeles, CA 24 
Med. Coll. of Virginia, Richmond, VA 15 
Naval Hospital, San Diego, CA 12 
St. Joseph's, Burbank, CA 15 
Lovelace Clinic, Albuquerque, NM 25 
Bryan Memorial Hospital, Lincoln, NE 27 
Toranomon, Tokyo 12 
Bridgeport Hosp., Bridgeport, CT 90 
13 other institutions 65 


Total no. of pts 


have been treated with IC-SK. Participating laboratories 
agreed to register consecutive patients in a prospective man- 
ner. Because some laboratories had acquired experience with 
thrombolytic therapy before July 1981, these laboratories 
were encouraged to enter patients in a retrospective manner 
so as to include all patients previously treated in their 
laboratories. 

Data collection forms were developed and distributed. They 
were submitted to a central data analysis laboratory, where 
the information was checked for consistency and completeness 
and entered into a computer data bank. Data collected in- 
cluded age, sex, prior myocardial infarction, history of con- 
gestive heart failure and prior coronary artery bypass surgery. 
The presence or absence of chest pain immediately before 
cardiac catheterization was recorded. The patient's hemo- 
dynamic status was categorized as stable, hypotensive (blood 
pressure less than 90 mm Hg systolic), or cardiogenic shock. 
The cardiogenic shock syndrome was not rigidly defined. 
Patients in pulmonary edema but not in shock and those in 
a moribund state were identified. The use of precatheteriza- 
tion precordial shock for the treatment of ventricular fibril- 
lation and ventricular tachycardia and the use of intraaortic 
balloon pump were also noted. 

The location of AMI based on the electrocardiographic and 
angiographic findings was recorded. Each patient was classi- 
fied as having either an anterior or inferior infarction. Lateral 
infarctions were classified as anterior and posterior infarctions 
were classified as inferior. From the coronary arteriograms, 
patients were classified as having 1-, 2- or 3-vessel, or left main 
coronary artery disease. Disease was considered present if 
there was at least 5096 diameter narrowing of a major coronary 
artery. 

Most patients received intracoronary nitroglycerin before 
the administration of streptokinase, and the result of this 
therapy, designed to detect the presence of coronary artery 
spasm, was recorded. The use of a guidewire for thrombus 
perforation was noted. Reperfusion after IC-SK therapy was 
recorded as present or absent and not graded as partial or 
complete. Evidence of reocclusion during hospitalization was 
recorded. 

The patient's clinical status at the time of hospital discharge 
was reported and included death, the development of Q-wave 
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TABLE Ill Clinical Status Before Catheterization 





Total AMI IMI p Value 

n 1,029 467 551 0.009 
Time to hosp (min) 119 + 201 124 + 250 114 + 236 NS 
Time to angio (min) 240 + 413 241 + 273 238 + 504 NS 
Ischemic pain 95.3% 96.1% 94.7% NS 
Hemodynamic status 

Stable 86.4% 85.4% 87.4% NS 

Hypotensive (SBP <90) 10.9% 10.6% 11.2% NS 

Cardiogenic shock 4.4% 5.1% 3.7% NS 
Pulmonary edema 2.6% 4.3% 1.1% 0.002 
Defibrillation 7.4% 7.5% 7.4% NS 
Moribund 1.9% 3.2% 0.5% 0.001 
Balloon pump 1.3% 1.7% 0.9% NS 


AMI = anterior myocardial infarction; angio = angiography; hosp = hospitalization; ІМІ = 
myocardial infarction; NS = not significant; SBP = systolic blood pressure (mm Hg). 


infarction, presence of stable or unstable angina and the use 
of anticoagulant and antiplatelet agents. Patients who un- 
derwent surgical revascularization or balloon dilatation of the 
coronary artery after streptokinase therapy were identified. 
Finally, the complications of therapy were recorded. 

Because multiple factors determine if a vessel will reperfuse 
with IC-SK, or if the patient will survive an AMI, we have 
performed multivariate discriminant analysis of the predictors 
of reperfusion and mortality. This analysis has been used with 
3 groups of patients: 

Group I—all patients. This group includes the 1,029 pa- 
tients for whom vital status was known and the 1,011 patients 
for whom reperfusion status was known. Group II—patients 
with anterior infarcts (п = 467). Group III —patients with 
inferior infarcts (n = 544). 

Statistical methods: Patient characteristics were screened 
univariately using the chi-square statistic for discrete variables 
and the t test for continuous variables. Multivariate statistical 
methods were used to identify baseline factors that are im- 
portant in determining reperfusion and hospital mortality. 
Stepwise linear discriminant analysis was used to distinguish 
the group that survived from the group that died and the 
group in which reperfusion was achieved from the group in 
which it was not. In this study, variables related to patient 
cardiac history, time of treatment, clinical status before car- 
diac catheterization and coronary anatomy were used to 
identify the predictors of reperfusion and mortality (Table 
I). Linear discriminant analysis was used to select the vari- 
ables that best distinguished the 2 groups of interest.!? 

The principle of linear discriminant analysis is to select the 
combination of variables which most completely separates the 
two groups. The process is carried out in a stepwise manner 
so that the relative importance of each variable selected for 
the model is identified. The process stops when the remaining, 
unselected variables do not add significant predictive power 
to the model (p >0.05). The relative importance of each 
variable selected is indicated by the F statistic. Variables with 
Е value 24.0 (p <0.05) are included in this report. 


Results 


During the period July 1981 through August 1, 1984, 
1,029 patients were entered into the registry. ‘Thirty-five 
catheterization laboratories enrolled 1 to 208 patients 
(Table II). There were 824 men and 205 women, mean 
age 57 + 10 years. Of the 1,029 patients, 17.8% had a 
history of AMI and 3.196 had previous coronary artery 


` bypass surgery. The average time from onset of symp- 
pU iA toms of AMI to x bsp was 119 + 201 minutes 
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and the average time from symptoms to the onset с of. b 
therapy was 240 + 413 minutes. Table III is a list of the | jj 
precatheterization status (by location of infarction) of - 
the patients entered into this registry. All but 5% of M à 
patients were having ischemic pain at the time they 9 
went to the catheterization laboratory. Most of the | pa- M. 
tients (86.496) were hemodynamically stable, 10.9% were _ 
hypotensive and 4.4% of them were in cardiogenic shoc k m. 
Defibrillation was required before catheterization in - b | 
7.4% of patients. Only a few patients had pulmona ry | 
edema, were moribund or were receiving intraao з. = у 
balloon pump treatment. There were significantly more 
patients with inferior than with anterior AMI (р) pv 
0.009). Comparison of patients with anterior infarction — 
to those with inferior infarction indicated few differ- - 
ences in baseline clinical characteristics. Remarkably, 4 
the incidence of hypotension was similar in both groups a | 
Although infrequent i in both groups, pulmonary edema 
was more common in those with anterior AMI than її n P 
those with inferior AMI, 4.3% vs 1.1% (p = 0.001). 
Reperfusion occurred in 71.2% of the patients (Table a 
IV). The rate of reperfusion was not different between 
men and women or between those who were hemody- - 
namically stable vs those who were unstable. Reperfu- - 
sion was less likely if the patient was not having chest - 
pain (p = 0.0004), was in cardiogenic shock (p <0. 0001), - 
moribund (p = 0.01), and if the patient died (p <0. 10001). _ й 
The 107 patients who were hypotensive but not in ear- P 
diogenic shock had the highest rate of reperfusion— - 1 
84.8%—which was significantly greater than for patients _ 
not in shock (p = 0.007). Reperfusion occurred in 73% л 
of left anterior descending vessels, 7596 of right coronary _ 
arteries, and 64% of circumflex vessels. 3 
Table V is a list of the clinical and hemodynamic _ 
characteristics of the patients, classified by the success 
of reperfusion therapy. Patients in whom reperfusion _ 
was successful were started on therapy earlier than - 
those in whom it was not, 209 minutes vs 331 minutes — 
(p = 0.0001). In particular, reperfusion was less likely - 
to be successful in those who were treated more pe ou 














groups were similar with respect кә» аре, Е вех, es 
of infusion and total dose of streptokinase. Those in А 
whom reperfusion was successful had a somewhat 7 


higher left ventricular end-diastolic pico ber e" M QUE L 
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. TABLE ІУ Hospital Mortality 
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n % Reperfused Total Reperfused Not Reperfused p Value 
Y 
All 1,029 71.2% 8.2% 5.5% 14.7% <0.0001 
_ Men 824 73.3% 7.1% 5.1% 11.6% 0.001 J 
ae dpa 205 69.6 96 12.7 96 7.096 25.896 0.0002 X. 
.. Age (yr e 
y «60 593 73.9% 3.2% 2.5% 5.2% NS 
4 60-69 309 73.196 12.096 6.8% 25.9% <0.0001 
Т 70-74 77 63.1% 18.2% 16.3% 21.4% NS 
ren 275 35 65.6 96 37.596 28.6 96 54.5% NS 
m Stable 884 72.896 5.196 3.896 8.196 NS 
. Hypotension* 107 84.8% 5.6% 4.5% 12.5% NS 
.. Shock 45 43.2% 66.7% 42.1% 84.0% <0.0001 
4 с Бота. 75 67.6% 38.2% 31.8% 54.5% NS 
ps ardioversion * 
` (defibrillation) 72 76.1% 8.3% 9.3% 5.9% NS 
i: LA 448 73.2% 12.1% 8.4% 21.2% 0.0002 
` ВСА 424 75.3% 4.0% 2.9% 6.8% NS 
Cx 127 63.8% 7.9% 2.5% 17.4% 0.008 
i Other 19 72.296 10.596 15.496 0.096 NS 
b 


* Shock patients not included. 
Ox = left circumflex artery; LAD = 


EES АСААНА НААНУ оед diio ысты ЫЕ DC SERS i HUNE PR ынет: ит», TE DR 
r n Total Reperfusion No Reperfusion p Value ^ 
a (yr) 1,014 57 + 10 57 + 10 57 + 11 NS 
Time to treatment (min) 928 240 + 413 209 + 137 331 + 780 0.0001 
Б Duration of infusion (min) 835 57 + 23 57 + 22 57 + 27 S 
-.. Total dose (1,000 IU) 862 235 + 102 234 + 103 232 + 101 NS 
` LVEDP before (mm Hg) 638 21.1 + 8.4 21.6 + 8.3 19.8 + 8.5 0.017 
fe 96 to CABG 1,011 18.296 21.196 10.4 96 «0.0001 
` 96 to PTCA 1,011 7.396 8.5% 4.3% 0.024 
ы: ® Reperfusion status could not be determined for 18 patients. 
CABG = coronary artery bypass surgery; LVEDP = left ventricular end-diastolic pressure; NS = not significant; PTCA = percutaneous transluminal 
" Coronary angioplasty. 
E: and were more likely to have subsequent coronary ar- among patients 60 to 69 years of age. For the 309 pa- 
_ tery bypass surgery (21.1% vs 10.4%, р <0.0001) or tients between 60 and 69 years of age, the reperfusion 
КЁ percutaneous transluminal coronary angioplasty (8.5% rate was 73.1%, and those in whom reperfusion was 
у 4.3%, p = 0.024). The residual stenosis in those who successful had a mortality rate of 6.8%, whereas those A 
d А reperfused was 85.6 + 14.0%. Nitroglycerin was infused in whom reperfusion failed had a mortality of 25.9% (p 
` in 77.6% of patients and resulted in at least some degree <0.0001). Among patients in cardiogenic shock, the 
of reperfusion іп 8.5%. In 177 patients a guidewire was mortality rate was lower in patients in whom reperfu- 
a used in an effort to perforate the thrombus. This pro- sion was successful than in those in whom it was not: Of 
- cedure was successful in 54.2% of the cases. There was the 44 patients in shock for whom reperfusion status was 
. clinical or angiographic evidence of reocclusion during determined, 19 achieved reperfusion (43.2%); their 
` hospitalization in 13.0% of patients in whom strepto- mortality rate was 42.1%, while the 25 patients in whom 
kinase therapy was initially successful. reperfusion failed had a mortality rate of 84% (p = 
| Complications of therapy: Major nonfatal com- 0.0005). 
_ plications of IC-SK therapy occurred in 9.0% of the Patients with left anterior descending occlusions in 
. patients. Ventricular arrhythmias occurred in 4.9%, whom reperfusion was achieved had a mortality of 8.496, 
hypotension requiring therapy in 1.9%, bleeding in 1.3% while those in whom it failed had a mortality of 21.2% 
_ and dissection of the right coronary artery in 0.5%. (p = 0.0004). Those with right coronary artery throm- 
Miscellaneous or undefined complications occurred bosis in whom reperfusion was successful had a mor- 
in 0.4%. tality rate of 2.9% and those without reperfusion had a 
Hospital mortality: Eighty-four of the 1,029 patients mortality rate of 6.8% (p = 0.13). The 127 patients with 
died during hospitalization (8.2%). The mortality for circumflex occlusions had a hospital mortality of 
various patient groups and their status of reperfusion 2.970 with reperfusion and 17.4% without reperfusion 
. are presented in Table IV. Men had a mortality rate of (p = 0.008). 
_ 7.1%, compared with 12.7% for women (p = 0.01). Multivariate analysis: Linear discriminant analysis 2 
. Mortality increased progressively with increasing age of factors related to reperfusion and hospital mortality 
` for both those with and without reperfusion (Fig. 1). was performed for 3 groups of patients. The variables 
et Although the mortality rate was lower among patients considered as potential predictors of reperfusion and 
. in whom reperfusion was successful in each age category, hospital mortality are listed in Table I. For each variable 
. this difference reached statistical significance only that enters the predictive model, the F statistic is an 
li r EA A se o oe E UNES ОЛА e i ГҮЛ OE n um 0 2 


left anterior descending coronary artery; NS — not significant; RCA — right coronary artery. 
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indication of its relative importance (Table VI). Group 
I includes all 789 patients for whom all of the 18 vari- 
ables used in the analysis were available. In group I, 
shock, age, location of infarction and history of infarc- 
tion are related to hospital mortality; and ongoing 
chest pain, shock, hypotension, time to angiography 
and history of congestive heart failure are related to 
reperfusion. 

Group II includes patients with anterior AMI. In this 
group only shock and age, and shock and time to angi- 
ography are related to hospital mortality and reperfu- 
sion, respectively. Group III includes the patients with 
inferior AMI. In these patients, shock is not related to 
mortality or reperfusion as it is in groups I and II, and 
the F values for the predictors of mortality are much 
lower than those in groups I and II. 


Discussion 


Limitations of the registry: In this report, using 
data from a registry, we have attempted to define the 
efficacy of IC-SK for the treatment of patients with 
AMI. The large number of patients (1,029) permits the 
analysis of various important subgroups of patients. 

The registry has limitations: (1) It contains no un- 
treated, control patients with which to compare the 
results achieved in treated patients. (2) Patients were 
not followed up beyond hospital discharge. (3) Incom- 
plete data collection reduces the numbers of patients 
available for multivariate analysis of hospital mortality 
and reperfusion. 

The efficacy of IC-SK therapy must finally be de- 
termined from the results of large randomized trials. 
Randomized trials, however, are restricted to popula- 
tions in whom randomization is acceptable to both pa- 
tients and physicians. This makes the inclusion of 
high-risk patients, as those in shock, difficult if not 
impossible. 

Determinants of reperfusion: We have examined 
the information available in this registry to determine 
the factors that influence the likelihood of coronary 
artery reperfusion. Univariately, the most important 


FIGURE 1. Relation of age, reperfusion and mortality 
rate. МВ = not reperfused; NS = not significant; В = 
reperfused. 
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TABLE VI Results of Linear Discriminant Analysis 


Group 1—А!! Patients 
Mortality (n = 789) Reperfusion (n = 789) 


Variable F at Entry Variable FatEntry — 
Shock 186.7 Ongoing Pain 13.9 А 
Аде 112.9 Shock 13.0 
Location of М! 82.5 Hypotension 10.8 
History of М! 64.7 Time to 9.5 

Angiography 
History of CHF 8.8 


Group |i—Anterior MI 
Mortality (n — 358) Reperfusion (n — 358) 








Variable F at Entry Variable 
Shock 165.5 Shock 14.7. "DM 
Age 103.6 Time to 9.9 — Жа 
Angiography - TONG 
Group IlI—Inferior MI ^ ki 
Mortality (n — 431) Reperfusion (n = 431) o 
ee Dp 
Variable F at Entry Variable F at Entry — ; 3 
Balloon Pump 23.7 Ongoing Pain 8.9 . ЖЩ 
History of MI 19.7 Balloon Pump 7.2 КЕ 
Аде 15.5 Нуроїепѕіоп 6.6 j 


CHF = congestive heart failure; MI = myocardial infarction. 


ie 
„А; 
а 
4 
E du 
EV 


factor in reperfusion is the time from the onset of chest. 4 
pain to the onset of therapy; in fact, there was a mean _ 
difference of 88 minutes between those in whom re- _ 
perfusion was achieved and those in whom it was not. Ж 
Others have observed a relation between time and re- a 
perfusion.!8 The left ventricular end-diastolic pressure | 
measured before streptokinase infusion was also related © 
to reperfusion in that the group of patients in whom | 
reperfusion failed had a slightly lower pressure. How- _ 
ever, the relation between left ventricular end-diastolic _ 
pressure and reperfusion is weak, and we cannot explain _ 
it in physiologic terms. There is also a much lower | 
likelihood of reperfusion in patients in cardiogenic M 
shock. This may be a result of the early death of some ч 


of these patients before streptokinase infusion could be - E 
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ce of ongoing chest pain is also related to 
sion in that reperfusion is more likely in patients 
ntinuing pain. This variable probably interacts 
me to angiography, because in the multivariate 
sis only ongoing pain enters the model. 

lly, reperfusion was more likely to be successful 
tensive patients who were not in shock (84.8%, 
007) than in other patients in this study. Patients 
diogenic shock were the least likely to achieve 
sion (43.2%). The reason for improved reperfu- 
1 hypotensive patients is not clear. Hypotensive 
its who were not in shock were treated earlier (187 
minutes) than other patients who were not in shock 
- 436 minutes), but this difference was not sta- 
Шу significant (p = 0.20). 

eperfusion and mortality: Overall, reperfusion is 
ciated with a marked reduction in hospital mor- 
(5.5% vs 14.7%) for the entire population of pa- 
. This reduction in mortality is greater for women 
vs 25.8%) than for men (5.1% vs 11.6%), but it is also 
ficantly related to the patient’s age. The decrease 
tality is greatest for those in the 60- to 69-year age 
p. In classifying patients as stable, hypotensive or 
ardiogenic shock, it becomes clear that those who 
fit most from coronary artery reperfusion have the 
st impaired hemodynamic state. On the other hand, 
n whom reperfusion is not achieved do not appear 
€ been injured from therapy, because they have 
spital mortality rate similar to patients receiving 
entional therapy.!??? Reperfusion is least likely to 
in patients who are in shock. Occasionally, this 
e a result of early death of the patient before 
»ptokinase therapy has had time to be effective, or 
iy be a result of interruption of therapy by acute 
‘joration of the patient's hemodynamic status or 
perimposed ventricular arrhythmias. The absence 
nformation with respect to these factors does not 
it an analysis of their roles in explaining the re- 
d likelihood of reperfusion in patients in shock. 
Ve also attempted to assess the impact of pulmonary 
а and direct-current cardioversion on hospital 
ality. Both of these clinical events are frequently 
iated with cardiogenic shock. Since there is interest 
he importance of pulmonary edema and cardiac 
'thmias requiring direct-current cardioversion in 
tients without shock, these patients have been ana- 
zed separately. Only 25 patients in our study had 
monary edema, and the mortality is high in both 
:rfüsed and nonreperfused patients (31.8% vs 54.5%, 
erence not significant). In the 72 patients who re- 
d cardioversion, the mortality tended to be higher 
ng patients in whom reperfusion was achieved than 
ing those in whom it was not (9.396 vs 5.9%, differ- 
not significant). 

irs have reported a reduction in hospital mor- 
n patients receiving IC-SK therapy. In a registry 
patients, Weinstein?! reported a hospital mor- 
4.5% in 176 patients in whom reperfusion was 















































































allow us to evaluate this it was not. There w 


8% mortality in 48 patients in whom 5 | г study confirms these finding 

















here was 14.6% mortality in a group 
patients who received conventional coronary care. _ 
Timmis et al?? reported а 4.7% mortality in 84 patients - 


who received IC-SK and an 11.896 mortality in a con- 


о. 








secutively enrolled group of patients who received - ж 


conventional therapy. 

Coronary anatomy and mortality: The location of 
the occluded vessel resulting in AMI, or what is often 
referred to as the “infarct vessel,” is an important de- 
terminant of mortality. Because the highest mortality 
rate is present in patients with left anterior descending 
coronary artery thrombosis, it is not surprising that the 
benefits of reperfusion are greatest in this group (8.4% 
vs 21.2%). For patients with right coronary artery oc- 
clusions, mortality in the patients in whom reperfusion 
was not achieved is 2.3 times higher than that in the 
patients in whom it was, but this difference is not sta- 
tistically significant. Finally, patients with circumflex 
occlusions in whom reperfusion was not achieved had 
a 7 times higher mortality compared with those in whom 
it was (2.5% vs 17.4%). This very large difference in 
hospital mortality in this subgroup is unexpected, and 
the reasons for it are not clear. 

Finally, we are encouraged by the relatively low in- 
cidence of serious complications in these patients. The 
complications in this study are similar in type and fre- 
quency to those that occurred in a large randomized 
study? and lower than those reported from another 
registry.*! In the randomized trial, serious arrhythmia 
was the most frequent complication, as in this study, 
and had a similar incidence in treatment and control 
patients. Bleeding, which occurred in only 1.3%, was less 
often reported in this registry. Death is not included as 
a procedural complication in this report because of the 
difficulty in determining whether death was a result of 
AMI, the catheterization and angiographic procedure, 
streptokinase therapy or reperfusion. 

In conclusion, this study provides additional infor- 
mation about the efficacy of coronary reperfusion in 
patients with AMI. Reperfusion was accomplished in 
71.2% of 1,029 patients, and when it occurred it was 
associated with a low mortality rate. The patients who 
have the greatest benefit from reperfusion included 
those at increased risk, including women, patients with 
cardiogenic shock and those with left anterior de- 
scending and circumflex coronary artery thrombosis. 
Although the mortality is reduced in all age groups with 
coronary reperfusion, this difference is only significant 
in those patients between ages 60 and 69 years. By 
multivariate analysis of baseline clinical and hemody- 
namic variables, we have shown that although hospital 
mortality is related to the severity of the patient’s 
condition before treatment, success of reperfusion is 
only weakly related to baseline variables, and the 
presence of hypotension is unexpectedly a predictor of 
successful reperfusion. 

Most randomized studies, clinical reports from single 
institutions and multi-institutional registry studies 
indicate that reperfusion is associated with low hospital 


mortality for patients with AMI. This large regis 
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and difficult to dem Е in the course of AMI. 
ligh-dose, short-term intravenous infusion of strep- 
tokinase or new thrombolytic agents such as tissue-type 
: isminogen activator may soon provide an intravenous 
rnative to IC-SK therapy. 23-27 The results of this 
t rial indicate reperfusion is associated with a large re- 
duction in overall hospital mortality from AMI, while 
‘those in whom reperfusion fails do not benefit. Early 
recognition of failure to reperfuse and alternate therapy 
. with percutaneous transluminal coronary angioplasty 
` or revascularization surgery may be the best course for 
these patients. If this is an effective strategy, intrave- 
nous treatment must be followed by rapid assessment 
of the presence and adequacy of coronary reperfusion. 
Although noninvasive methods may be used for this 
purpose, immediate coronary angiography and urgent 
angioplasty may be the best approach for high-risk 
` patients. 
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hieve reperfusion early, an intravenous bolus 
поп units of urokinase was administered in 
ents with transmural acute myocardial in- 
on (AMI) 1.8 + 2.5 hours after the onset of 
ptoms. Coronary angiography performed 1.1 + 
ours after urokinase therapy revealed patent 
ary arteries in 30 patients (60%), with no 
icant difference between those with anterior 
hose with inferior AMI. Reocclusion occurred 
' 1 of 24 patients restudied. Failure to achieve 
fusion was not related to the degree of sys- 
fibrinolytic activity, which was equally high 
atients who did and those who did not achieve 
fusion, as evident from serially obtained fi- 
ogen measurements (77 + 52 vs 84 + 24 mg/dl, 
nce not significant). Plasmin activity, mea- 
-serially from 15 minutes to 24 hours after 
ase in 7 patients, was maximal at 15 minutes 
ndetectable after 3 hours. Wall motion at the 
















iminary studies showed that significant portions of 
lic myocardium can be salvaged in most patients 
transmural acute myocardial infarction (AMI), but 
when reperfusion is achieved within 2.5 hours after 
onset of symptoms.! Initiation of thrombolytic 
apy within this time interval requires a method of 
bolytic therapy safe and easy enough to be per- 
d even before hospital admission. For this pur- 
only intravenous thrombolytic therapy appears 
easible. In the present study, we evaluated the 
f and complications of intravenous urokinase, 
has the advantage that it can be given as a bolus 
on. All patients were treated immediately after 
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infarct site measured from contrast ventriculograms 
was significantly better at follow-up only in patients 
in whom reperfusion was achieved and who re- 
ceived urokinase within 2 hours after the onset of 
symptoms as compared with patients in whom re- 
perfusion was not achieved (—1.2 + 1.4 vs —2.4 + 
0.9 standard deviations from normal, p <0.05). Peak 
serum Creatine kinase level was significantly lower 
in patients in whom reperfusion was achieved than 
in those in whom it was not or those who had re- 
thrombosis (802 + 763 vs 1,973 + 1,071 U/liter, p 
<0.005). No complications related to urokinase 
therapy were observed. Thus, thrombolysis with an 
intravenous bolus injection of 2 million units of uro- 
kinase is effective and safe and can be used to 
rapidly achieve reperfusion in the short term, when 
salvage of myocardium is more likely to occur. 





(Am J Cardiol 1985;55:878-882) 








hospital admission and within 3 hours after the onset 
of symptoms of AMI. Coronary artery patency was 
studied 1.1 + 0.6 hours after urokinase injection. The 
effects of the urokinase bolus on the coagulation and 
fibrinolytic system were evaluated, and salvage of 
myocardium was determined from measurements of 
regional left ventricular (LV) wall motion in acute and 
follow-up contrast cineangiograms. | 





Methods 


Patients: The study comprised 50 patients studied at Ep- 
pendorf University Hospital. They were diagnosed with 
transmural AMI and met all of the following criteria: (1) severe 
ischemic chest pain; (2) more than 2 mm of ST elevation; (3) 
no evidence of old myocardial infarction; (4) onset of throm- 
bolytic therapy within 3 hours after the onset of symptoms; 
(5) no contraindication to thrombolysis; (6) written informed 
consent; and (7) age 70 years or younger. 

Method of intravenous thrombolysis: Two million units 
of urokinase (Ukidan®, manufactured by Serono) were given 
as a bolus injection intravenously after the diagnosis of AMI 
was confirmed by the electrocardiogram. Then, all patients 
immediately underwent coronary angiography, except for the 


4 who were studied the next day. In patients with persisten 






































у were attempted. Six patients were first ad- 
а to another | 1ospital ind received the bolus injection 
okinase there. These patients were then transferred to 
Eppendorf University Hospital, under electrocardiographic 
monitoring and accompanied by a physician, and underwent 
mmediate coronary angiography. 

= Coronary angiography was performed by the Judkins 
echnique using a No. 8Fr introducer sheath, followed by 
entriculography at 50 frames/s in the 30? right anterior 
"oblique projection. After the procedure, the catheter was 
pulled back into the abdominal aorta and left there for 24 
“hours. An intravenous heparin infusion was started with an 
initial dose of 200 U/kg/12 hours, which was then adjusted to 
achieve a 3-fold increase in the thrombin time. 

Analysis of the coagulation and fibrinolytic system: 
Studies of the coagulation and fibrinolytic system were per- 
formed in all patients immediately before thrombolysis and 
2 and 24 hours after thrombolysis. (Repeat measurements 
were also made on the second and fourth day after thrombo- 
lysis to monitor heparin therapy after thrombolysis.) In all 
patients the fibrinogen concentration, partial thromboplastin 
` time, thrombin time and prothrombin time were determined. 
To evaluate the kinetics of fibrinolysis, serial blood samples 
_were obtained in 6 patients before thrombolysis, and 0.25, 0.5, 
- 1, 2, 3, 6 and 24 hours after thrombolysis. In addition to the 
| above tests, plasmin activity and plasminogen concentration 
were measured in these 6 patients. The fibrinogen concen- 
` tration was measured according to Clauss (normal range 180 
to 660 mg/dl). Partial thromboplastin time was determined 
. with the PTT Reagens Behring (normal range 40 to 50 sec- 
- onds), thrombin time with Thrombin Reagens Roche (normal 
. range 18 to 25 seconds) and prothrombin time using Throm- 

borel S-Behring (normal range 13.5 to 14.5 seconds). Plas- 
minogen concentration and plasmin activity were assayed 
^: using chromogenic substrates. 
Analysis of coronary angiograms and left ventricular 
function: Angiograms were analyzed at the University of 
Washington. Identification of the infarct artery was based on 
. thelocation of ST elevation on the electrocardiogram, hypo- 
kinetic wall motion on the ventriculogram, and residual ste- 
nosis and thrombotic material in the coronary artery. Coro- 
nary patency was defined as prompt and complete filling of 
` the suspected infarct artery with good runoff of the contrast 
medium. Coronary angiograms were assessed by 2 indepen- 
^ dent observers. To measure LV function, the cine films were 
` projected and the end-diastolic and end-systolic endocardial 
contours were traced from the frames with maximal and 
minimal volume, respectively, from a non-post-premature 
normal sinus beat. Measurement of the ejection fraction and 
of regional wall motion abnormality was performed as previ- 
3 ously described.?? Briefly, LV chamber volume was calculated 
using the area-length method. Wall motion was measured 
along 100 chords constructed perpendicular to a centerline 
drawn midway between the end-diastolic and end-systolic 
contours (Fig. 1), and normalized by the end-diastolic pe- 
rimeter. Abnormality in chord motion at the infarct site was 
expressed in units of standard deviations (SD) from the mean 
wall motion of 64 normal patients. Hypokinesia is indicated 
by negative values and hyperkinesia by positive values. Re- 
gional wall motion was calculated as the mean motion of 
chords lying in the most hypokinetic 50% of the infarct artery 
_ territory, and expressed in SD/chord. 


Results 


+ Patient characteristics: Fifty patients, 45 men and 
У omen, mean age of 52 + 9 years (range 17 to 68), were 
nt y-five had an anterior infarction with left 
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patients with inf | 
artery was the infarct artery in 15 and X 
cumflex artery in 10 patients. 

Coronary artery patency: a wa 
istered 1.8 + 2.5 hours after the onset of s 
Acute coronary angiography performed 1.1 + 0 
after the urokinase injection revealed patent co 
arteries in 30 patients (60%). The reperfusion r 
not differ significantly among the 3 arteries: 16 
anterior descending arteries (54%), 8 of 15 ri 
nary arteries (53%) and 6 of 10 circumflex arter 
Repeat angiography after 3 + 1 weeks reveale 































































2 
O 
i 
ж 
o 
= 
Q 
ш 
N 
4 
-J 
а 
= 
ға 
© 
2 












HYPERKINESIS 


دس تیا ад‏ جیب eee‏ 


der یت یت س‎ me 


= ی ان ي 


че чшл e т 


HYPOKINESIS 











STANDARD DEVIATIONS 


м se 68 79 ao 


CHORD NUMBER 


FIGURE 1. Centerline method for regional wall motion analysis 
diastolic and end-systolic left ventricular endocardial contou 
centerline (A) constructed by the computer midway betwee 
contours. B, motion is measured along 100 chords construct 
pendicular to the centerline. C, motion at each chord is normaliz 
the end-diastolic perimeter to yield the shortening fraction. Motic 
each chord is plotted for the patient (solid line). The mean m 
the normal ventriculogram group (dashed line) and 1 standard 
above and below the mean (dotted lines) are shown for cor 
D, standardized motion. The wall motion of the patient is: 
in units of standard deviations from the normal mean (dott 
normal ventriculogram group mean is represented by tt 
0 line. Vertical lines delimit the: most e and m 

раа о of the anterior and inferior 
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379 + 142* 
Partial thromboplastin time 39 + 8 
(seconds) 
Thrombin time (seconds) 21+ 1 
Prothrombin time (seconds) 15 x 1 


Values are mean + standard deviation. 


arteries in 23 of 24 patients (96%) whose ar- 
re patent initially and who consented to un- 
ollow- -up angiography. 

icy was subsequently achieved in the catheter- 
laboratory i in 10 patients in whom reperfusion 
inase was not achieved: 4 of these received in- 
onary streptokinase, 4 underwent angioplasty and 
had both. Rethrombosis occurred in 3 of these 
its, but in only 1 of the 24 patients who were 
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79 + 68 <0.001 213 + 90 

92 + 54 <0.001 54 + 13 
171 + 27 <0.001 132 + 61 

25 + 9 «0.01 17 + 2 


* Paired t test, before urokinase vs 2 hours after urokinase. 


restudied and whose infarct arteries were patent in the 
initial angiogram. 

Coagulation and fibrinolytic system: Intravenous 
bolus injection of 2 million units of urokinase resulted 
in a marked reduction of the fibrinogen concentration, 
from 370 + 15 mg/dl before thrombolysis to 79 + 68 
mg/dl 2 hours after the injection (p <0.001) (Table I). 
Fibrinogen levels were reduced to similar low levels in 
patients in whom reperfusion was achieved and those 
in whom it was not (77 + 52 and 84 + 24 mg/dl, differ- 
ence not significant [NS]). Twenty-four hours after 
thrombolysis, the values were again within the normal 
range in all patients. The marked activation of fibri- 
nolysis led to a corresponding prolongation of coagu- 
lation times. Two hours after injection of urokinase, a 
2-fold prolongation of the partial thromboplastin time 
and an 8- to 9-fold prolongation of the thrombin time 
were found. Twenty-four hours later, only a slight 
prolongation of the partial thromboplastin time was 
measured, whereas the thrombin time was still pro- 
longed (Table I). The prothrombin time increased from 
15 + 1 seconds before thrombolysis to 25 + 9 seconds (p 
<0.01) 2 hours after urokinase injection and decreased 
24 hours later to 18 + 1 seconds. Plasmin activity was 
measured serially in 6 patients (Fig. 2). It peaked 15 
minutes after the bolus injection of urokinase, when the 
first measurement was performed. Five hours after in- 
jection, measurable plasmin activity was no longer de- 
tectable. Plasminogen decreased to 40 + 11% after 1 
hour and returned to normal after 36 hours. 

Global and regional left ventricular function: Of 
the 50 patients, 2 were unable to undergo ventriculog- 
raphy acutely and 5 refused follow-up angiography. The 
contrast ventriculograms performed acutely could be 
analyzed in 32 patients; follow-up ventriculograms were 
analyzed in 36 patients; both studies were available in 
25 patients. In patients with patent coronary arteries 
after urokinase therapy, global LV ejection fraction was 
slightly depressed, to 55 + 1096 (n = 22), and did not 
change significantly at follow-up (53 + 11%). Wall mo- 
tion at the site of the infarction, however, was markedly 
depressed initially, ~2.2 + 1.1 SD/chord. On the aver- 
age, the improvement in wall motion was small (to —1.5 
+ 1.2 SD/chord at follow-up, NS) in patients who had 
a patent infarct artery after urokinase and who did not 
have rethrombosis. Only in patients who received the 
intravenous bolus injection within 2 hours after the. 
onset of symptoms was wall motion at follow-up. sig- | 
nificantly better than і | ‘ 














































а —21+1 0 SD/chord (n = 18) (Fig. 3). In pa- 
nts in whom reperfusion was achieved by angioplasty 
racoronary streptokinase, the time to treatment 
considered the time to catheterization. In all cases, 
occurred 2 or more hours after symptom onset, and 
but 1 of the patients had severe residual hypokinesia 
ollow-up; only 1 had a significant (at least 1 SD/ 
10rd) improvement in regional wall motion. 
a Creatine kinase: Serial determinations of creatine 
kinase were obtained in 43 patients. The peak creatine 
kinase level was abnormally elevated, to 1,266 + 1,173 
- U/liter. In only 2 patients did the creatine kinase level 
fail to exceed 140 U/liter, which is double the upper 
limit of normal in our laboratory. In these patients 
thrombolysis was performed 0.75 and 1.5 hours after the 
onset of symptoms. They both had a wall motion ab- 
= normality in the area of the infarct vessel (21 SD/ 
` chord). In patients in whom reperfusion was achieved 
by urokinase alone, peak creatine kinase was signifi- 
cantly lower (802 + 763, n = 24) than in those in whom 
reperfusion was achieved by angioplasty or intracoro- 
nary streptokinase (1,848 + 1,655, n = 9, p <0.05) or in 
patients in whom reperfusion was never achieved or who 
uffered rethrombosis (1,973 + 1,061, n = 9, p <0.005 
vs reperfusion by urokinase, NS vs reperfusion by other 
means) (Fig. 4). 
_ Complications: The urokinase bolus was well tol- 
‘erated by all patients. There were no bleeding compli- 
cations; 2 patients who underwent operation within 24 
` hours after AMI required fibrinogen transfusion. One 
patient with an inferior AMI had ventricular fibrillation 
` in the ambulance en route to University Hospital. The 
patient was successfully resuscitated and brought back 
to the hospital where he was first admitted. On read- 
mission, he still had the same degree of ST elevation in 
the same leads of the electrocardiogram. Otherwise, 
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' IGURE 3. Wall motion at the infarct site measured in follow-up contrast 
оа" їп прасе patients who received urokinase within 
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Тһе ТОО, deles FM ‘that in 60% ofi hi 
with transmural AMI the infarct artery is pate 
0.6 hours after an intravenous bolus injection. 
lion units of urokinase. This patency rate is com] 
to that after intravenous streptokinase infusion 
ated by early coronary angiography.^-!! Tweh 
patients underwent early coronary artery by 
gery or angioplasty. Only 1 of the remainin; 
who had a patent infarct artery on the acute ang 
after urokinase therapy alone suffered rethro 

It may be argued that in the absence of à 
group or of pretreatment coronary angiograms 
cidence of subtotal coronary occlusion remi 
known. In our previous experience with 52 pat 
lected by the same inclusion criteria the inci 
total coronary occlusion was 8596? In addition 
lowing findings indicate that severe transmur 
cardial ischemia was present before treatmen 
patients: (1) typical electrocardiographic sig 
transmural AMI associated with severe chest pa 
lasted longer than 30 minutes, (2) elevated cre 
nase levels after treatment, (3) severe wall mot 
normality in the area of the suspected infarct ve 
(4) similar symptoms, extent of ST elevatio: 
acute electrocardiogram, ejection fraction, and 
wall motion in patients who did and in those wh 
have a patent artery in the acute study after ut 
therapy. 

No studies are available evaluating the effects 
intravenous bolus injection of urokinase on the 
lation and fibrinolytic system; thus, the dose of 2 
units we used in this study was arbitrary. Howe 
changes in the coagulation and fibrinolytic syste 
dicate effective thrombolytic therapy. The ex 
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FIGURE 4. Peak serum creatine kinase activity in patients 
reperfusion was achieved by urokinase alone, by intracoron 
tokinase or by dca od a after unsuccessful pretreatm 
inase and in patients in whom | 















potension. A bolus injection of urokinase may 
п a very rapid activation of the fibrinolytic sys- 
ith peak plasmin activity after 15 minutes. Fail- 
reperfusion with urokinase could not be attrib- 


to insufficient activation of the fibrinolytic system, 














































n patients with successful and unsuccessful 
yolysis. 

previous study we showed that wall motion in the 
t area significantly improves after successful in- 
nary thrombolysis, indicating a limitation of 
t size, whereas in patients with permanent oc- 
n or rethrombosis either no change or worsening 
ional wall motion was seen.? The present study 
that an intravenous bolus injection of urokinase 
ig to reperfusion also results in an improvement 
nal wall motion to a similar degree. If the pa- 
are separated into an early-treatment group 
n 2 hours) and a later-treatment group (treatment 
hours after the onset of symptoms), the time- 
lency of myocardial salvage becomes evident. 
1 the early-treatment group was the residual 
ormality in regional wall motion at follow-up sig- 
ntly less severe than in patients in whom reper- 
-was not achieved. The significantly lower peak 
ne kinase in patients in whom reperfusion was 
eved by urokinase is further evidence for limitation 
arct size by this mode of thrombolytic therapy. 
‘contrast to streptokinase therapy which has been 
sported to cause severe hypotension and anaphylaxis, 
e effects were observed in our patients after the 
nase bolus injection. Fewer side effects but equal 
cy have been reported after intracoronary 
mbolysis with urokinase as compared with strep- 
ase.'°* Reperfusion arrhythmias, noted frequently 
ng intracoronary thrombolysis, did not cause clin- 
problems after the intravenous bolus of urokinase, 
ullowing transportation of the patients from 1 
ital to another. In the patient who had ventricular 
brillation en route to the hospital, ST elevation was 
hanged after resuscitation, suggesting that reper- 
ision was not the cause of arrhythmia. No bleeding 











`* Costs of 2 million units of urokinase as compared to 1.5 million units 
of streptokinase are higher by a factor of 5. 





here were no differences in the coagulation values. 


ajor de- 
rombo- . 


of urokinase apparently fulfills these criteria, thereby 
allowing prehospital treatment. Prehospital treatment, 
however, is only advisable if the diagnosis of AMI is 
confirmed by a physician experienced in interpreting 
the clinical and electrocardiographic signs of AMI. The 
patient must then be transferred to a hospital under 
continuous electrocardiographic monitoring accom- 
panied by a physician. Before this type of therapy can 
be approved for widespread use, controlled studies are 
needed to confirm our results and determine whether 
early reperfusion reduces mortality. 
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Factors that Determine the Direction and Magnitud 
of Precordial ST-Segment Deviations During 
Inferior Wall Acute Myocardial Infarction 





Sixty-one patients with inferior acute myocardial 
infarction (AMI) and no evidence of prior AMI were 
‘Studied to determine which factors influence the 
magnitude of precordial ST-segment depression. In 
the total study group, there was a significant but 
weak correlation between the magnitude of pre- 
‘cordial ST-segment depression and the magnitude 
of inferior ST-segment elevation (r — —0.46, p 
0.001). In the 29 patients with evidence of con- 
comitant right ventricular (RV) involvement, pre- 
~ cordial ST-segment depression was significantly 
— smaller both in absolute terms (— 1.3 + 1.8 vs —2.8 
=> + 1.9 mm, p <0.01) and relative to the magnitude 
- of inferior ST-segment elevation (ratio of —0.2 + 1.0 
vs —1.1 + 0.5, p <0.01), whereas in the 15 patients 

with lateral ST-segment elevation (= 1mm in lead 
Vg), precordial ST-segment depression was signif- 
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omen 


` The pathogenesis of precordial ST-segment depression 
accompanying inferior wall acute myocardial infarction 
(AMI) is controversial. Precordial ST-segment de- 
pression has been attributed to reciprocal effects of 
inferior or posterior ST-segment elevation,’ ischemic 
‘involvement of the posterolateral or inferoseptal myo- 
cardial segments adjacent to the left ventricular (LV) 
inferior wallè- and remote ischemia of the anterior wall 
as a result of disease of the left anterior descending 
coronary artery.!4-!? In this study, we reexamine the 
genesis of precordial S'T-segment depression during 
inferior AMI by investigating the hypothesis that pre- 
cordial ST-segment depression is primarily a reciprocal 
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icantly greater both in absolute terms (—3.! 
vs —1.6 + 1.7 mm, p <0.01) and relative 
magnitude of inferior ST-segment elevatioi 
of —1.1 + 0.8 vs —0.5 + 0.9, p «0.02). Cons 
with these findings, the correlation betwe 
magnitudes of precordial and inferior ST-sec 
deviations was considerably improved wher 
the 24 patients with neither evidence of 
volvement nor lateral ST-segment elevation 
analyzed (r — —0.89, p «0.001, n — 24). The 
suggest that in patients with inferior AMI, th 
reciprocal relation between precordial andi 1f 
ST-segment deviations, which is distorted | 
comitant RV involvement and by concomitant | 
left ventricular wall involvement. 
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manifestation of inferior ischemia that may be mod 
by factors that independently alter the position o 
precordial ST segment. We postulated that right 
tricular (RV) ischemic involvement would be suc 
modifier of precordial ST-segment depression, becaus 
a recent report showed that RV AMI can cause pre- 
cordial ST-segment elevation.!? We also postulated tha 
lateral LV wall involvement would modify precordial 
ST-segment depression, consistent with reports that 
isolated lateral LV wall infarction causes precordiai 
ST-segment depression.!?.?? 


Methods 


Study population: The study population consisted. 
patients (50 men, 11 women), mean age 57 + 12 years. 
were admitted within 3 hours of the onset of an inferi 
AMI characterized by persistent typical ischemic ches 
ST-segment elevation in lead Ш and lead aVF, and fail 
both chest pain and ST-segment elevation to resolv 
administration of sublingual BOE The diagn 
AMI was confirmed by a rise in : V 
















r= —0.421 r 








r = —0.41t r = —0.44! 

T deviations in r = —0.28* r = —0.33! 
-V4 

ssion in lead aVL r = —0,95! r = —0.94t 


5; * p <0.01; їр «0.001. 


formed within 7 days of admission. Exclusion criteria were 
or electrocardiographic evidence of prior AMI, prior 
artery bypass surgery and a QRS width of 2110 ms. 
its in this study received streptokinase as part of an 
esearch project, 32 by selective intracoronary infu- 
29 by intravenous administration. 
rocardiography: Standard 12-lead electrocardio- 
ere recorded at a speed of 25 mm/s (10 mm = 1 mV) 
arquette series 5000 electrocardiograph within 4 hours 
set of symptoms and before the administration of 
nase. The electrocardiograms were quantitatively 
by an experienced cardiologist who was unaware of 
$ of any other investigation. ST-segment elevation 
value) or depression (negative value) was measured 
nearest 0.5 mm as follows. A QRS complex with no or 
al baseline drift was selected. A horizontal baseline 
g consecutive TP segments was drawn. ST-segment 
on was referred to this baseline and measured at 80 ms 
ie J point. The magnitude of inferior ST-segment ele- 
on was defined in 2 ways: ST-segment elevation in lead 
S'T-segment elevation in lead aVF. The magnitude of 
rdial ST-segment depression was defined in 3 ways: 
segment deviation in lead У», maximal ST-segment de- 
‘in leads V4 to V4, and the arithmetic sum of ST- 
deviations in leads V; to V4. 

ral wall involvement: 'The 15 patients who had at least 
f ST-segment elevation in lead Vg were considered to 
ectrocardiographic evidence of concomitant lateral LV 
volvement. 

netium-99m radionuclide ventriculography: 
-gated equilibrium radionuclide ventriculography 











TABLE H 


Ratio ST deviations PRE max/ Ill 
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onset of chest pain us 
autologous red blood ce ejection fractions 
determined by methods previously reported.?!2? The regional - 


artery diseas е азе; LAD = left anterior descending coronary artery ; v= еі 
RE max = lead with maximum precordial ST depression; RV = righ 





ng in vitre Ye 
ls. LV and RV ej 


contraction pattern of the right ventricle was visually assessed 


by consensus of 2 experienced nuclear cardiologists who were _ 


unaware of the results of any other investigation. 

Thallium-201 scintigraphy: In 40 patients, standard 3- 
view resting myocardial scintigraphy was performed after a 
2-mCi dose of thallium-201, administered intravenously be- 
fore streptokinase. Imaging was performed before reperfusion 
in 15 patients and an average 52 + 36 minutes (range 5 to 120) 
after reperfusion in 25. Thallium-201 uptake of the anterior 
LV wall was visually scored in the anterior and steep left an- 
terior oblique views using a 4-point scoring system (0 = nor- 
mal, 1 = mildly reduced, 2 = moderately reduced, and 3 = 
severely reduced) by consensus of 2 nuclear cardiologists, who 
were unaware of the results of any other investigation. 

Coronary angiography: All 61 patients underwent coro- 
nary angiography and contrast left ventriculography. These 
procedures were performed within 2 hours of admission in the 
32 patients who received intracoronary streptokinase and within 
7 days of admission in the 29 who received intravenous 
streptokinase. All angiograms were analyzed by consensus of 
2 experienced angiographers who were unaware of the results 
of the other investigation. Significant stenosis was defined 
as a reduction of more than 5096 in luminal diameter at the site 
of maximal luminal narrowing relative to an apparently nor- 
mal adjacent arterial segment. The artery of infarction and 
the site of occlusion were obvious in 52 patients (all 32 patients 
who received intracoronary streptokinase and 20 of 29 who 
received intravenous streptokinase and did not have coexis- 
tent right and circumflex coronary artery disease). In 9 pa- 
tients the artery of infarction and the site of occlusion were 
identified by angiographic criteria of an ulcerated ather- 
omatous plaque, i.e., indistinct luminal margins or subintimal 
ulceration of the coronary artery after thrombolysis,?? and by 
the regional pattern of LV dysfunction and perfusion. 

Right ventricular involvement: The 29 patients in whom 
the site of right coronary artery occlusion was proximal to the 
origin of the branch to the right ventricle were considered to 
have RV involvement. All 29 of these patients also had evi- 
dence of RV dysfunction by radionuclide ventriculography; 
specifically, 25 had an RV ejection fraction <39% and 4 had 
RV dilation and hypokinesia. 


Effects of Concomitant Right Ventricular involvement 
mu SN E I Ei ы UU T. г м > 


RV Involvement 


RV involvement 


Dependent Variable Present (n — 29) Absent (n = 32) p Value 
Age (yr) 54+ 12 59 + 13 М5 
Male sex (% of pts) 81 NS 
Multiple-vessel CAD (% of pts) 78 <0.05 
LAD disease (% of pts) 59 NS 
LV ejection fraction (%) 5148 5349 NS 
RV ejection fraction (%) 30 + 10 42 + 7 <0.001 
ST * in lead Ill (mm) 4.1 X 2.1 3.3 + 2.0 NS 
ST î in lead aVF (mm) 3.4 + 1.9 2.7 + 1.6 NS 
ST { in lead У, (mm) —13 + 1.8 —2.8 + 1.9 <0.01 
Maximal precordial ST | (mm) —1.8 + 1.8 —3.1 + 2.0 <0.01 
Sum ST | in leads V4-V4 (mm) —3.1 ± 5.8 —8.2 t 6.4 «0.01 
Ratio ST deviations leads V2/aVF —0.2 + 1.0 — 14.1 + 0.5 <0.001 
Ratio ST deviations leads МЛ —0.1 ± 0.9 —1.0 + 0.7 <0.001 
Ratio ST deviations PRE max/aVF —0.4 + 0.8 —1.2 + 0.6 

—0.3 0.7 11+ 0.7 





ection fractions were. 


















































































he anand standard deviation. The unpaired 
udent t test and the 1-way analysis of variance were used 
or comparison of the distribution of gaussian variables be- 
tween 2 or more subgroups. Proportional differences between 
subgroups were compared using Fisher's exact test. Correla- 
ions between the magnitudes of inferior ST-segment eleva- 
ion and precordial ST-segment depression were calculated 
by the unweighted linear least-squares method and differences 
between subgroups were compared by an analysis of variance 
that tested deviations of individual regression lines from the 
"overall regression line. All statistical analyses were performed 
on a УАХ 11-750 computer using BMDP biostatistical pro- 
grams. A 2-tailed p value «0.05 was considered statistically 
significant. 


Results 


Correlation between inferior and precordial 
ST-segment deviations: There was a weak inverse 
linear correlation between inferior ST-segment eleva- 
tion and precordial S'T-segment depression, which 
contrasts with the strong reciprocal relation between 
: inferior ST-segment elevation and ST-segment de- 
pression in lead aVL (Table I). Figure 1A illustrates the 
relation between ST-segment elevation in lead aVF and 
ST-segment deviation in lead Vo for the entire study 
population (т = —0.46, p «0.001). 
— . Effect of right ventricular involvement on pre- 
cordial ST-segment depression: The magnitude of 
. precordial ST-segment depression was significantly 
` smaller, in absolute terms as well as relative to the 
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ST ELEVATION IN aVF (mm) 


‘ST DEPRESSION IN Va (mm - 


N=61 
y=0.5x - 0.5 
r=-0.46 
p<0:001 


tions was т лепра 153 ғ = -Q. 64, : 


(Fig. 1B). 


Effect of lateral wall involvement on р 


ST-segment depression: The magnitude of 
ST- куле TT was пао 
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Male sex (% of pts) | 80 ОК 
Multiple-vessel CAD (% of pts) 53 М5 
LAD disease (% of pts) 33 NS 
LV ejection fraction (%) 4948 NS | 
RV ejection fraction (%) 38 + 10 NS 
ST | in lead Ill (mm) 4.1 ± 2.1 .NS 
ST ! in lead aVF (mm) 3.7 + 1.8 NS 
ST | in lead Vz (mm) - —3.5 + 2.3 <0.01 
Maximum precordial ST { (mm) —3.6+ 2.4 <0.05 
Sum ST | in leads V;-V, (mm) —8.5 + 7.8 0.07 
Ratio ST deviations leads V>/aVF —1.1i1 0.8 «0.02 
Ratio ST deviations leads М/Н —1.14 0.9 «0.01 
Ratio ST deviations PREmax/aVF | —1.2 + 0.9 0.08 
Ratio ST deviations PREma,/Ill =12 Æ 1.0 <0.05 
LAT = lateral left ventricular wall; other abbreviations as in Table Н. 
with concomitant lateral LV wall involvement ment depression are presented in Table IV. The sepa- e 
also. excluded from analysis, the correlation be- rate effects of these 2 factors on the relation between 
he magnitudes of inferior and precordial ST- inferior and precordial ST-segment deviations are il- 
t deviations was further strengthened to r — lustrated in Figures 2 and 3, respectively. The data in- 
9, p «0.001 (Fig. 1C). - dicate that RV involvement and lateral LV wall in- 
separate the effects of concomitant RV and lateral volvement have independent and opposite effects on the 
nvolvement on precordial ST-segment depression, magnitude of precordial ST-segment depression, irre- 





spective of which measure of inferior ST-segment ele- . 
vation or precordial ST-segment depression is used. In : 
the 7 patients with both RV and lateral LV wall in- - 


обу рори к was. divided into 4 subgroups as 
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tricular involvement after ex- — ence and in the absence 
ft ventricular wall in . involvement, 
between the lines of | 

















Infarction Е 





RV 


Dependent Variable 






ST-segment elevation in lead Ill (mm) 
T-segment elevation in lead aVF (mm) 3.0 
T-segment deviation in lead V2 (mm) —0.9 
Maximum precordial ST-segment depression (mm) =1;5 
Sum of ST-segment deviations leads V4-V4 (mm) uer 
0.1 
0.3 







Ratio ST deviations lead V2/lead 1 —0. 
` Ratio ST deviations lead V2/lead aVF —0. 
`. Ratio ST deviations PREmax/lead Ill = 

с Ratio ST deviations PREma,/lead aVF 


* p <0.05; Í р <0.01 vs inferior infarction with no right ventricular or lateral involvement. 
lead with maximum precordial ST segment depression; RV = right ventricular. 


PREmax = 


volvement, these effects tend to cancel each other 
(Table IV). 

Anterior wall involvement: No patient had an oc- 
cluded left anterior descending coronary artery and in 
no patient were collateral vessels from the artery of in- 

` farction to the anterior wall apparent at angiography. 
JA Consistent with this finding, thallium-201 uptake in the 
. proximal anterior wall was normal in all 40 patients who 
underwent scintigraphy. A mild reduction of thal- 
lium-201 uptake, which was limited to a small distal 
. segment of the anterior wall and contiguous with in- 
` feroapical involvement of the inferior wall, was noted 
in 13 patients. 











Discussion 


This study indicates that precordial ST-segment 
deviation during inferior AMI is linearly related to the 
. magnitude of inferior ST-segment elevation and is in- 

. fluenced by concomitant RV involvement and con- 
. comitant lateral LV wall involvement. The strong cor- 
relation between the magnitudes of inferior ST-segment 
. elevation and precordial ST-segment depression in the 
24 patients with neither concomitant RV nor lateral LV 
wall involvement supports the concept that precordial 
ST-segment depression during inferior AMI reflects a 
"precordial view" of the inferior ST-segment vector and 
is therefore a reciprocal manifestation of inferior ST- 
segment elevation.!-’ The similarity of this correlation 
to the close correlation between the magnitudes of ST- 
segment deviations in leads aVF and aVL suggests that in 
the precordial leads, but not in lead aVL, this reciprocal 

relation is distorted by both concomitant RV involve- 
` «ment and by concomitant LV lateral wall involvement. 
` This implies that these influences affect the ST-seg- 

- ment vector in planes that are substantially perpendicu- 

lar to the plane of the standard limb leads. 

'The modifying effect of concomitant RV involvement 
on the precordial ST segment has not been considered 
previously. 'The possibility of such an effect was raised 
by the finding that proximal right coronary artery oc- 
clusion and acute RV ischemia can cause ST-segment 
` elevation in leads V4 to V5.1? Our criterion of RV in- 
volvement was based on the anatomic consideration of 

whether the right ventricle would have sustained an 
| ischemic i dM asa атеш olo occlusion of the ш 
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was not considered necessary because necrosis. 
prerequisite for ischemic ST-segment deviatic 
RV ischemia often does not progress to necrosi 
cially after early reperfusion.» | 

Consistent with our earlier finding that R 
tends to elevate the precordial ST segments!? ai 
a recent report that RV infarction causes a loss of 
terior forces on the vectorcardiogram,?8 there v 
nificantly less precordial ST-segment depressi 
patients with inferior AMI and concomitant R 
volvement than in patients without RV involv 
In 5 patients with RV involvement, the precordi 
segments were not depressed but were isoelectric, 
in 3 patients they were elevated, implying that th: 
rection and magnitude of precordial ST-segmei 
viations depend on the relative effects of 2 орр‹ 
influences—LV inferior wall ischemia and RV is 
mia—on the ST-segment vector. | 

The effect of lateral ST-segment elevation о 
precordial ST-segment during inferior AMI has.also 
been considered in previous studies. Our find 
greater precordial ST-segment depression i in pati 
with lateral ST-segment elevation is consistent with 1 
reported electrocardiographic effects of lateral w 
infarction!??? and is also consistent with reports o 
increased incidence of posterolateral involvemer 
patients with precordial ST-segment depression.? 

Although no patient in this study had anterior 
wall ischemia in the territory of the left anteric 
scending coronary artery, one can anticipate tha 
comitant subendocardial ischemia of the anterior 
wall tends to depress the precordial ST segments 
thereby increase precordial ST-segment depression. 
contrast, concomitant transmural ischemia of the an- 
terior LV wall, which could occur if collateral vessels 
from the artery of infarction supplied an occluded left. 
anterior descending coronary artery, theoretically tends 
to elevate the precordial ST segments and thereb: 
attenuate, or even reverse, precordial ST- segme 
depression. 

In several studies, more extensive inferior infar 
has been observed in patients with at least 1 or 21 
precordial S'T-segment depression. These reports 
not inconsistent with our finding of a reciprocal relati 
between inferior and precordial ST- segment deviatio 
during inferior AMI, because the magnitu: 














: severity of inferio wellischemia aud Bad by. 
reciprocity, patients with more extensive inferior AMI 
-will tend to have greater precordial ST-segment de- 
pression. Patients with lateral ST-segment elevation 
also tend to have greater precordial ST-segment de- 
pression as well as more extensive ischemia as a result 
of concomitant lateral LV wall involvement. 

"When our study population is dichotomized accord- 
to the criteria of Shah et al" into a group with pre- 
rdial ST-segment depression and a group without 
ecordial ST-segment depression, our findings are 
sistent with those of Shah et al. In the 42 patients 
with precordial ST-segment depression, the peak serum 
level of creatine kinase-MB was 55% higher than in the 
19 patients without precordial ST-segment depression; 

eae ab the yr ew of inferior ST- еш eleva- 









































attenuate оа а ST- -segment saad and in 
such patients, smaller precordial ST-segment depres- 
sion may reflect biventricular and, possibly, more ex- 
‘tensive, rather than less extensive, total myocardial 
- involvement. Theoretically, in the presence of con- 
. comitant transmural ischemia of the anterior LV wall, 
smaller precordial ST-segment depression may also 
reflect more extensive, rather than less extensive, total 
myocardial involvement. 
`. In conclusion, our results suggest that there is a 
complex quantitative relation between inferior and 
precordial ST-segment deviation during inferior AMI. 
The variability of this relation is caused by factors that 
independently alter the magnitude and direction of the 
-segment vector, particularly concomitant RV in- 
vement and lateral LV wall involvement. Individual 
differences in cardiac rotation, in the position of the 
heart within the chest and in body geometry also con- 
-tribute to the variability of this relation.2” In some pa- 
-tients, the relation may be distorted by precordial 
ST-segment deviations that were present before the 
ccurrence of AMI, that may be due to early repolari- 
zation, LV hypertrophy or abnormalities of serum 
electrolyte concentration.?? 
linical implications: Precordial ST-segment de- 
'ession during inferior AMI is primarily a reciprocal 
1ifestation of inferior ST-segment elevation. Greater 
cordial ST-segment depression may reflect more 
ensive inferior. AMI or concomitant LV lateral wall 
olvement, which is generally also manifested by 
er inferior lead ST-segment elevation or by lateral 
egment elevation. In contrast, concomitant RV 
lvement attenuates precordial ST-segment de- 
'ession, and in these patients smaller precordial ST- 
egment depression may reflect more extensive, rather 
an less extensive, total myocardial involvement. The 
ctors that may influence the direction and magnitude 
of precordial | ST-segment deviations must be considered 
- When interpreting the significance of precordial ST- 
| segment. de iation i in m i inferior AMI. 








Tu 


tical 1 consultations L Гаје Rodrig пе: 
Ann Lew for research assistance; 


Cynthia Culberson for preparation of artwork. 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 
20, 
21. 


22. 


23. 
24. 


25. 


26. 


27. 


228. 
and о experimento Circulation 1976 


References 


. Rakita J, Borduas JL, Rothman S, Prinzmetal M. Studies on the mecha- 


nisms of ventricular activity. Хі. Early changes in the RS-T segment and 
QRS complex following acute artery occlusion. Experimental study 
and clinical applications. Am Heart J 1954;48:351-372. 


. Myers GB, Klein HA, Hiratzka T. Correlation of electrocardiographic and 


pathologic findings in posterolateral infarction. Am Heart J 1949:38: 
837-87 1. 


conventional scalar electrocardiography. Circulation 1964;30:706- 7 18. 

A А JR, Lewis SE, Willerson JT, Rude 
RE. Clinical implications of anterior S-T segment depression in patients 
with acute inferior myocardial infarction. Am J Cardio! 1982;50:428—436. 
Camara EJN, Chandra N, Ouyang P, Gottlieb SH, Shapiro EP. Reciprocal 
ST change in acute myocardial infarctions: assessment by electrocardi- 
ography and echocardiography. JACCO 1983;2:25 1-257. 


. Ferguson DW, Pandian N, Kioschos JM, Marcus ML, White CW. Angio- 


graphic evidence that reciprocal ST-segment depression during acute 
myocardial infarction does not indicate remote ischemia: analysis of 23 
patients. Am J Cardiol 1984;53:55-62. 


. Little WC, Rogers EW, Sodums MT. Mechanism of anterior ST-segment 


depression during acute inferior myocardial infarction: observations during 
coronary thrombolysis. Ann intern Med 1984; 100:226-229. 
RS, Crampton RS, Watson OD, Taylor JG, Carabello BA, Holt ND, 


Beller GA. Precordial ST-segment depression during acute inferior myo- 


cardial infarction: clinical, scintigraphic and angiographic correlations. 
Circulation 1982;66:732-741. 
Goldberg HL, Borer JS, Jacobstein JG, Kluger J, Scheidt SS, Alonso DR. 
Anterior S-T segment depression in acute inferior myocardial infarction: 
indicator of posterolateral infarction. Am J Cardiol 198 1;48:1009- 1015. 
Ong L, Vaidellon B, Coromilas J, Brody R, Reiser P, Morrison J. Precordial 
S-T segment depression in inferior myocardial infarction. Evaluation by 
quantitative thallium-20 1 scintigraphy and technetium-99m ventriculography. 
Am J Cardiol 1983;,51:734- 739. 
Boden WE, Bough EW, Korr KS, Russo J, Grandsman EJ, Shuiman RS. 
inferoseptal myocardial infarction: another cause of precordial ST-segment 
depression in transmural inferior wall myocardial infarction? Am J Cardiol 
1984;54: 1216-1223 
Shah PK, Pichler M, Berman DS, Maddahi J, Peter T, Singh BN, Swan HJC. 
Noninvasive identification of a high risk subset of patients with acute inferior 
myocardial infarction. Am J Cardiol 1980;46:9 15-921. 
Lew AS, Weiss AT, Shah PK, Maddahi J, Peter T, Ganz W, Swan HJC, 
Berman DS. Precordial! ST segment depression during acute inferior 
myocardial infarction: early thallium-201 scintigraphic evidence of adjacent 
posterolateral or inferoseptal involvement. JACC 1985,5:203- 209. 
Billadeilo JJ, Smith JL, Ludbrook PA, Tiefenbrunn AJ, Jaffe AS, Sobei BE, 
бейтап EM. Implications of "reciprocal" ST segment depression asso- 
ciated with acute myocardial infarction identified by positron tomography. 
JACC 1983;2:6 16-624. 
Salcedo JR, Baird MG, Chambers RJ, Beaniands DS. Significance of re- 
ciprocal S-T t depression in anterior precordial leads in acute inferior 
myocardial infarction: concomitant left anterior descending coronary artery 
disease? Am J Cardiol 198 1;48:1003- 1008. 
Haraphongse M, Jugdutt ВІ, Воѕѕа RE. Significance of precordial ST- 
segment depression in acute transmural inferior infarction: coronary an- 

giosraphic findings. Cathet Cardiovasc Diagn 1983;9: 143—151. 

tosshi S, Bonaduce D, Chiariello M, Romano E, Piscione E, Vigorito 
C, Condorelli M. Anterior S-T changes during acute inferior myocardial 
infarction. Int J Cardiol 1982;4:421—430. 
Сей IL, Shah PK, Rodriguez L, Hulse S, Maddahi J, Berman DS, Ganz М. 


and I шс Laforteza ава А 

















‚ Perloff JK. The recognition of strictly posterior myocardial infarction by — 





ST elevations in leads V4 to Vs may be caused by right coronary artery . ~ 


occlusion and acute RV infarction. Am J Cardiol! 1984°53:99 1-996. 


Cooksey JD, Dunn M, Massie E. Clinical Vectorcardiography and Elec- | 


trocardiography. Chicago: Year Book Medical, 1977:399. 

Myers GB, Klein HA, Stofer BE. Correlation of electrocardiographic and 
pathologic findings in lateral infarction. Am Heart J 1949;,37:374—417. 
Maddahi J, Berman DS, Matsuoka DT, Waxman A, Stankus K, Forrester 


J, Swan HJC. A new technique for assessing RV ejection fraction using =° 


rapid multiple gated equilibrium cardiac blood pool scintigraphy. Description, 
validation, and findings in chronic coronary artery disease. Circulation 
1979;60:58 1-589. 

Maddahi J, Berman DS, Diamond GA, Shah PK, Gray RJ, Forrester JS. 


Evaluation of left ventricular ejection fraction and segmental wall motion с < 


by multiple gated equilibrium cardiac blood pool scintigraphy. In: Cady L, 
ed. Computers in Cardiology. New York: Marcel Dekker, 1978:389-416. 

Ambrose J, Winters S, Stern A, Eng A, Teichholz LE, Fuster V. Angio- 
graphic morphology in unstable angina (abstr). ЈАСС 1984; 3:490. 

Chou TC, Fowler NO, Gabel M, Van der Bel-Kahn J, Feltner EJ. Electro- 


cardiographic and hemodynamic changes in experimental right ventricular 


infarction. Circulation 1983;67:1258-- 1267. 

Schuler G, Hofmann M, Schwarz F, Mehmel H, Manthey J, Tillmanns H, 
Hartmann `$, Kubier W. Effect о! successtul thrombolytic therapy on right 
ventricular function in acute inferior wall myocardial infarction. Am J Cardiol 
1984;54:951—957. 

Mukharji J, Murray S, Lewis SE, Croft CH, Corbett JR, Willerson JT, Rude 
RE. Is anterior ST depression with acute transmural inferior infarction due 
о ا‎ A vectorcardiographic and scintigraphic study. JACC 
Reid DS, Pelides LJ, 'Shillingford. JP. Surface. mapping Д; RS-T. CN 
in acute myocardial infarction. Br Heart J 1971;33:370-374.. 

Fozzard НА, DasGupta DS. ST-segrriei ! 











ANNOUNCING 


А BETABLOCKER 
SAFE ENOUGH TO DOUBLE 
THE STARTING DOSE 


-YET SIDE EFFECTS 
REMAIN LOW. 

















NEW 4OOMG A DA 


SECIRAL 


FOR HYPERTENSION 





PERMITS 

SINGLE AGENT 
THERAPY WITHOUT 
COMPLICATIONS. 


0 | 

(20 t 
^ \\0 

т u J k 



















NEWONCEADAY 
CARDOSHLECI M 


SECTRAL 


FOR HYPERTENSJON 








A DISTINCTIVE 
BETA-BLOCKER 
PROFILE. 


ONLY SECTRAL HAS 
THIS COMBINATION 
OF PROPERTIES: ЕС 


e Once-daily dosage in hypertension to facilitate patient 
compliance. 


e Unsurpassed control of mild to moderate hypertension, 
usually without adding other agents. 


» Minimal depression of heart rate, because partial 
agonist activity avoids unacc eptable levels of 
bradycardia. 


e Relatively cardioselective at recommended doses for 
hypertension, resulting in less bronchoconstriction and 
an incidence of cold extremities of only two patients 
per thousand. 

e Relatively low incidence of fatigue, lethargy, 
tiredness (11%); impotence (2%); and depression (2%). 


e Hydrophilic 
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NEW ONCE A DAY 
CAI SDIOSELECTIV 





SECTRAL 








ONCE-DAILY е 





aiher agents. 


Start with one 400 mg capsule once daily. A decade of use in Europe and 
extensive multicenter trials in the United States! have shown that 400 mg 
will restore normotension or produce a diastolic reduction of at least 10 mm Hg 
in 40% to 55% of patients. Doubling the initial dose—to 800 mg daily— 
may be expected to produce this level of control in an additional 1926 io 
37% of patients. In occasional patients, twice-daily dosage may be required 
3 for adequate 24-hour blood pressure control. 





e Single agent control with minimal depression of 
heart rate. 
Reduction of resting heart rate is minimal with SECTRAL’, usually 
resulting in rates of 62 bpm to 65 bpm. 


Even at 800 mg/day the incidence of bradycardia is very low. Doses above 
800 mg should be avoided in el derly patients. 


Reference: d. Dats on fle, Medical Department. bees Laboratories Вас. Ne dod. 
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E 
You CAN DOUBLE THE 
400 MG STARTING DOSE-YET 
] SIDE EFFECTS REMAIN LOW 
THERES NOTHING SIMPLER. 


Increased therapeutic response while side effects 
remain low. 





400 mg/day 800 mg/day 1200 mg/day 


Body System (N = 132) (N = 63) (N = 71) 


Cardiovascular 5% 2% 1% 
Gastrointestinal 3% 3% 1% 
Musculoskeletal 2% 3% 4% 
Central Nervous System 9% 13% 17% 
k Respiratory 1% 9% 69% 
Skin | 9c 29 1% 
Special Senses 2% 2% 6% 
Genitourinary 2% 3% 1% 


e A better beta-blocker profile. 
In a large multicenter study with hypertensive patients titrated to an 
effective dose, blood pressure response to SECTRAL was comparable to the 
control beta-blocker’. However, only 5.9% of patients receiving SECTRAL 
were discontinued due to side effects. The withdrawals for side effects 
(predominantly neurological) for the control beta-blocker were 15.3%. 


e Cardioselectivity. . .low levels of unacceptable 
- or dangerous side effects. 
Among 1,002 patients treated with SECTRAL, the incidence of tiredness, 
fatigue, and lethargy (11%); impotence (2%); and depression (2%) is low. 


Low doses of SECTRAL, in limited clinical trials, have been well tolerated 
by asthmatic patients.*' As with all beta-antagonists, this B,-differential is 
relative. Hence, SECTRAL should be used with caution in patients with 
bronchospastic disease. (See Warnings.) In addition, the incidence of cold 
extremities has been less than two patients per thousand. 


References: 1. Wahl J. Turlapaty P. Singh BN: Comparison of acebutolol and propranolol ın essential hypertension. Am Heart J 1985; 109:313-321. 2. Dataon 

file, Medical Department, Ives Laboratories Ine., New York. З. Benson MK. Berrill WT Cruckshank JM, et al: A comparison of four beta-adrenoceptor antagonists 
in patients with asthma. Br J Clin Pharmacol 1978; 5:415-819. 4. Greefhorst APM, van Herwaarden CLA: Comparative study of the ventilatory effects of three beta) - 
selective blocking agents in asthmatic patients. Eur J Clin Pharmacol 1981: 20:M7-421 
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ACEBUTOLOL 


CONTRAINDICATIONS: SECTRAL is contraindicated in: 1) persistently severe bradycardia; 2) 
second- and third-degree heart block; 3) overt cardiac failure; and 4) cardiogenic shock. 

(See Warnings) 

WARNINGS: CARDIAC FAILURE: Sympathetic stimulation may be essential for support of the cir- 
culation in individuals with diminished myocardial contractility, and its inhibition by B-adrenergic re- 
ceptor blockade may precipitate more severe failure. Although B-blockers should be avoided in overt 
cardiac failure, SECTRAL can be used with caution in patients with a history of heart failure who are 
controlled with digitalis and/or diuretics. Both digitalis and SECTRAL impair AV conduction. If car- 
diac failure persists, therapy with SECTRAL should be withdrawn. 

IN PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE: In patients with aortic or mitral valve 
disease or compromised left ventricular function, continued depression of the myocardium with B- 
blocking agents over a period of time may lead to cardiac failure. At the first signs of failure, patients 
should be digitalized and/or be given a diuretic and the response observed closely. If cardiac failure 
continues despite adequate digitalization and/or diuretic, SECTRAL therapy should be withdrawn. 
EXACERBATION OF ISCHEMIC HEART DISEASE FOLLOWING ABRUPT WITHDRAWAL: Following 
abrupt cessation of therapy with certain B-blocking agents in patients with coronary artery disease. ex- 
acerbation of angina pectoris and, in some cases, myocardial infarction and death have been reported. 
Therefore, such patients should be cautioned against interruption of therapy without a physician's ad- 
vice. Even in the absence of overt ischemic heart disease, when discontinuation of SECTRAL is 
planned, the patient should be carefully observed, and should be advised to limit physical activity to a 
minimum while SECTRAL is gradually withdrawn over a period of about two weeks. (If therapy with an 
alternative B-blocker is desired, the patient may be transferred directly to comparable doses of another 
agent without interruption of B-blocking therapy). If an exacerbation of angina pectoris occurs, anti- 
anginal therapy should be restarted immediately in full doses and the patient hospitalized until his con- 
dition stabilizes. 

PERIPHERAL VASCULAR DISEASE: Treatment with B-antagonists reduces cardiac output and can 
precipitate or aggravate the symptoms of arterial insufficiency in patients with peripheral or mesenteric 
vascular disease. Caution should be exercised with such patients and they should be observed closely 
for evidence of progression of arterial obstruction. 

BRONCHOSPASTIC DISEASES: PATIENTS WITH BRONCHOSPASTIC DISEASE SHOULD, IN GEN- 
ERAL, NOT RECEIVE A B-BLOCKER. Because of its relative B;-selectivity, however. low doses of 
SECTRAL may be used with caution in patients with bronchospastic disease who do not respond to. or 
who cannot tolerate, alternative treatment. Since B;-selectivity is not absolute and is dose-dependent, 
the lowest possible dose of SECTRAL should be used initially. preferably in divided doses to avoid the 
higher plasma levels associated with the longer dose-interval. A bronchodilator, such as a theophylline 
or a Ba-stimulant, should be made available in advance with instructions concerning its use. 
ANESTHESIA AND MAJOR SURGERY: The necessity, or desirability, of withdrawal of a B-blocking 
therapy prior to major surgery is controversial. B-adrenergic receptor blockade impairs the ability of 
the heart to respond to B-adrenergically mediated reflex stimuli. While this might be of benefit in pre- 
venting arrhythmic response, the risk of excessive myocardial depression during general anesthesia may 
be enhanced and difficulty in re-starting and maintaining the heart beat has been reported with beta- 
blockers. Hf treatment is continued, particular care should be taken when using anesthetic agents which 
depress the myocardium, such as ether, cyclopropane and trichlorethylene, and it is prudent to use the 
lowest possible dose of SECTRAL. SECTRAL, like other B-blockers, is a competitive inhibitor of B- 
receptor agonists and its effect on the heart can be reversed by cautious administration of such agents 
(е.в. dobutamine or isoproterenol — see OVERDOSE). Manifestations of excessive vagal tone (e.g. pro- 
found bradycardia, hypotension) may be corrected with atropine 1-3 mg i.v. in divided doses. 
DIABETES AND HYPOGLYCEMIA: B-blockers may potentiate insulin-induced hypoglycemia and 
mask some of its manifestations such as tachycardia: however. dizziness and sweating are usually not 
significantly affected. Diabetic patients should be warned of the possibility of masked hypoglycemia. 
THYROTOXICOSIS: B-adrenergic blockade may mask certain clinical signs (tachycardia) of hyperthy- 
roidism. Abrupt withdrawal of B-blockade may precipitate a thyroid storm: therefore, patients sus- 
pected of developing thyrotoxicosis from whom SECTRAL therapy is to be withdrawn should be 
monitored closely. 

PRECAUTIONS: IMPAIRED RENAL OR HEPATIC FUNCTION: Studies on the effect of acebutolol 
in patients with renal insufficiency Have not been performed in the U.S. Foreign published experience 
shows that acebutolol has been used successfully in chronic renal insufficiency. Acebutolol is excreted 
through the G.I. tract, but the active metabolite, diacetolol. is eliminated predominantly by the kidney. 
There is a linear relationship between renal clearance of diacetolol and creatinine clearance. Therefore. 
the daily dose of acebutolol should be reduced by 50% when the creatinine clearance is less than 50 
ml/min and by 75% when it is less than 25 ml/min. SECTRAL should be used cautiously in patients 
with impaired hepatic function. 

SECTRAL has been used successfully and without problems in elderly patients in the U.S. clinical 
trials without specific adjustment of dosage. However, elderly patients may require lower maintenance 
doses because the bioavailability of both SECTRAL and its metabolite are approximately doubled in 
this age group. 

CLINICAL LABORATORY FINDINGS: SECTRAL, like other B-blockers, has been associated with the 
development of antinuclear antibodies (ANA). In prospective clinical trials, patients receiving 
SECTRAL had a dose dependent increase in the development of positive ANA titers and the overall 
incidence was higher than that observed wjth propranolol. Symptoms (generally persistent arthralgias 
and myalgias) related to this laboratory abnormality were infrequent (less than 1% with both drugs). 
Symptoms and ANA titers were reversible upon discontinuation of treatment. 

INFORMATION FOR PATIENTS: Patients, especially those with evidence of coronary artery disease, 
should be warned against interruption or discontinuation of SECTRAL therapy without a physician's 
supervision. Although cardiac failure rarely occurs in properly selected patients, those being treated 
with B-adrenergic blocking agents should be advised to consult a physician if they develop signs or 
symptoms suggestive of impending CHE or unexplained respiratory symptoms, 

Patients should also be warned of possible severe hypertensive reactions from concomitant use of a- 
adrenergic stimulants such as the nasal decongestants commonly used in OTC cold preparations and 
nasal drops. 

DRUG INTERACTIONS: Catecholamine-depleting drugs, such as reserpine, may have an additive ef- 
fect when given with B-blocking agents. Patients treated with SECTRAL plus catecholamine depletors 
should, therefore, be observed closely for evidence of marked bradycardia or hypotension which may 
present as vertigo, syncope/pre-syncope, or orthostatic changes in blood pressure without compensatory 
tachycardia. Exaggerated hypertensive responses have been reported from the combined use of B-ad- 
renergic antagonists and a-adrenergic stimulants, including those contained in proprietary cold rem- 
edies and vasoconstrictive nasal drops. Patients receiving B-blockers should be warned of this potential 
hazard. No significant interactions with digoxin, hydrochlorothiazide, hydralazine, sulfinpyrazone, oral 
contraceptives, tolbutamide or warfarin have been observed. 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Chronic oral toxicity studies in 
rats and mice, employing dose levels as high as 300 mg/kg/day. which is equivalent to 15 times the 
maximum recommended (60 kg) human dose, did not indicate a carcinogenic potential for SECTRAL. 
Diacetolol, the major metabolite of SECTRAL in man, was without carcinogenic potential in rats when 


tested at doses as high as 1800 mg/kg/day. SECTRAL and diacetolol were also shown to be devoid of 
mutagenic potential in the Ames Test. SECTRAL, administered orally to two generations of male and 
female rats at doses of up to 240 mg/kg/day [equivalent to 12 times the maximum recommended ther- 
apeutic dose in (a 60 kg) man] and diacetolol, administered to two generations of male and female rats 
at doses of up to 1000 mg/kg/day, had no significant impact on reproductive performance or fertility. 
TERATOGENIC EFFECTS: Pregnancy Category B: Reproduction studies have been performed with 
SECTRAL in rats and rabbits at doses of up to 60 mg/kg/day, the equivalent of 3 times the maximum 
recommended therapeutic dose in (a 60 kg) man. Studies have also been performed in these species 
with diacetolol (at doses of up to 450 mg/kg/day in rabbits and up to 1800 mg/kg/day in rats). 
Other than a significant elevation in postimplantation loss with 450 mg/kg/day diacetolol, a level at 
which food consumption and body weight gain was reduced in rabbit dams and a non-statistically sig- 
nificant increase in incidence of bilateral cataract in rat fetuses from dams treated with 1800 mg/kg/ 
day diacetolol, there was no evidence of harm to the fetus with either drug. There are no adequate and 
well-controlled trials in pregnant women in the U.S.; however, studies have shown that both acebutolol 
and diacetolol cross the placenta. Because animal teratology studies are not always predictive of the 
human response, SECTRAL should be used during pregnancy only if the potential benefit justifies the 
risk to the fetus. 

Labor and Delivery: The effect of SECTRAL on labor and delivery in pregnant women is unknown. Stud- 
ies in animals have not shown any effect of SECTRAL on the usual course of labor and delivery. 
Nursing Mothers: Acebutoloi and diacetolol also appear in breast milk with a milk:plasma ratio of 7.1 
and 12.2, respectively. Use in nursing mothers is not recommended. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS: SECTRAL is well tolerated in properly selected patients. Most adverse 
reactions have been mild, not required discontinuation of therapy, and tended to decrease as duration 
of treatment increases. 

The following table shows the frequency of treatment-related side effects derived from controlled c!in- 
ical trials in patients with hypertension, angina pectoris, and arrhythmia. These patients received 
SECTRAL, propranolol, or hydrochlorothiazide as monotherapy, or placebo. 

TOTAL VOLUNTEERED 
AND ELICITED (U.S. STUDIES) 








Hydrochloro- 
SECTRAL Propranolol thiazide Placebo 

Body Sy stem/ (N = 1002) (N = 424) (М = 178) (N = 314) 
Adverse Reaction % % % % 
Cardiovascular 

Chest Pain 2 4 4 l 

Edema 2 2 4 1 
Central Nervous System 

Depression 2 1 3 l 

Dizziness 6 7 12 2 

Fatigue 11 17 10 4 

Headache 6 9 13 4 

Insomnia 3 6 5 1 

Abnormal dreams 2 3 0 1 
Dermatologic 

Rash 2 2 t l 
Gastrointestinal 

Constipation 4 2 7 0 

Diarrhea 4 5 5 1 

Dyspepsia 4 6 3 1 

Flatulence 3 4 7 l 

Nausea 4 6 3 0 
Genitourinary 

Micturition 3 1 9 <] 

(frequency) 
Mu sculoskeletal 

Arthralgia 2 | 3 2 

Myalgia 2 1 1 0 
Respiratory 

Cough 1 1 2 0 

Dyspnea 1 6 4 2 

Rhinitis 2 1 1 <] 
Special Senses 

Abnormal Vision 2 2 3 0 


The following selected (potentially important) side effects were seen in up to 2% of SECTRAL 

patients: 
Cardiovascular: hypotension, bradycardia, heart failure. Central Nervous System: anxiety, hyper/hy- 
poesthesia, impotence. Dermatological: pruritus. Gastrointestinal: vomiting, abdominal pain. Geat- 
tourinary: dysuria, nocturia. Musculoskeletal: back pain, joint pain. Respiratory: pharyngitis, 
wheezing. Special Senses: conjunctivitis, dry eve, eye pain. 

The incidence of drug-related adverse effects (volunteered and solicited) according to SECTRAL dose 
is shown below. (Data from 266 hypertensive patients treated for 3 months on a constant dose. ) 
————————————- 

400 mg/day 800 mg/day 1200 mg/day 
Body System (№ = 132) (N = 63) (N271) 
——————— à. س‎ o س‎ Лы. ЖШШЕ 


Cardiovascular 5% 2% 1% 
Gastrointestinal 3% 3% 7% 
Musculoskeletal 2% 3% 4% 
Central Nervous 

System 9% 13% 17% 
Respiratory 1% 5% 6% 
Skin 1% 2% 1% 
Special Senses 2% 2% O% 
Genitourinary 2% 3% 1% 


ج 11 ج ڪڪ 
POTENTIAL. ADVERSE EFFECTS: In addition, certain adverse effects not listed above have been re-‏ 
ported with other B-blocking agents and should also be considererd as potential adverse effects of‏ 
SECTRAL.‏ 

Central Nervous System: Reversible mental depression progressing to catatonia (an acute syndrome char- 
acterized by disorientation for time and place), short-term memory loss, emotional lability, slightly 
clouded sensorium, and decreased performance (neuropsychometrics). 

Cardiovascular: Intensification of AV block (see CONTRAINDICATIONS). 

Allergic: Erythematous rash, fever combined with aching and sore throat, laryngospasm, and respira- 
tory distress. 

Hematologic: Agranulocytosis, non-thrombocytopenic, and thrombocytopenic purpura. 
Gastrointestinal: Mesenteric arterial thrombosis and ischemic colitis. 

Miscellaneous: Reversible alopecia and Peyronie's disease. The oculomucocutaneous syndrome asso- 
ciated with the B-blocker practolol has not been reported with SECTRAL during investigational use and 
extensive foreign clinical experience. 

Keep at room temperature. Approximately 25°C (77°F). 
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. In arandomized trial of intracoronary streptokinase 
` (STK) therapy in acute myocardial infarction, 44 
- patients (21 control subjects and 23 patients treated 
with STK) underwent sequential thallium-201 planar 
imaging before angiography and after 4 hours (re- 
distribution), 4 days and 6 weeks. Patients were 
- Classified according to the presence or absence of 
` angiographic reperfusion of the infarct-related ar- 
tery. The semiquantitative score of myocardial 
-thallium uptake was expressed as percent of max- 
© imal defect score. Both in control and in STK-treated 

groups, thallium defect scores decreased over time, 
but this decrease was smaller in the control group 
(before angiography, 33 + 4%; redistribution, 29 + 
4%; 4 days, 25 + 496; and 6 weeks, 22 + 4%) than 
in the STK group (44 + 496, 38 + 496, 26 + 4% and 





Intracoronary streptokinase (STK) infusion during the 
first hours after the onset of myocardial infarction 
(AMI) is an effective procedure for recanalization of an 
occluded vessel in 57 to 89% of patients.” Recent 
studies have suggested that high-dose intravenous STK 
infusion may lyse intracoronary thrombi.!9-!? Fur- 
thermore, new selective thrombolytic agents have been 
developed. Preliminary results show that intravenous 
infusion of tissue-type plasminogen activators can elicit 
coronary thrombolysis without inducing a systemic lytic 
state.!?14 These intravenous reperfusion procedures 
should shorten the time between onset of symptoms 
and thrombolytic treatment. Moreover, intravenous 
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of thallium- 201 into prev 







214 396, respectively). In i Байепә in 
perfusion was achieved (20 STK-treate: 
subjects), a marked decrease in thalliu 
observed (before angiography, 40 +: 
bution, 32 + 4%; 4 days, 20 + 5%; an 
14 + 2296) compared with patients in 
perfusion was not achieved (37 + 4% 
33 + 5% and 33 + 4%, respec tively). Tt 
indicate that serial thallium i imaging is 
method of assessing changes in myocar‘ 
sion after acute myocardial infarction. | 
of thallium uptake was observed after re 
of the infarct-related artery whether th 
zation was seen spontaneously or after 
thrombolysis. 
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thrombolytic therapy can БЕ widely pee 
larly in hospitals without catheterization lab 
prepared to provide 24-hour coverage. The 
noninvasive technique is necessary to predict 
ency of the infarct-related artery and to eval 
immediate efficacy of a recanalization proc 
terms of restoration of coronary flow. S 
proaches to thallium-201 scintigraphy in- 
undergoing intracoronary streptokinase infusio 
been used. In 3 studies, myocardial images wt 
tained after direct intracoronary injection o 
lium-201.!5-!7 Other approaches involve acquiri 
images after a single intravenous injection. 
separate intravenous injections of the radionucl 
The rationale for using the intravenous appro 
it permits assessment of intravenous throi 
therapy; moreover, this approach has been exte 
studied in the experimental laboratory. Thall 
imaging performed early after intravenous inj 
the radionuclide accurately reflects the dis 



















Methods 


пау population: Forty-eight patients with AMI were 

ly included in the study. Two patients (1 from the STK 
and 1 from the control group) died from intractable 
genic shock during the catheterization procedure and 
tients (both from the control group) died during the in- 
al period. The study is based on the remaining 44 pa- 
Diagnosis of AMI was based on a typical prolonged 
pain at rest, lasting for more than 30 minutes and per- 
t ST-segment elevation of at least 2 mm in 3 or more 
of the standard 12-lead electrocardiogram. The final 
agnosis of AMI was retrospectively confirmed from serial 
eatine kinase (CK) values. Patients were excluded 
had monis deer for more than 3 hours before 





















і: | inclusion to the eae 1. 5 mCi of thallium-201 were 
avenously injected during persistent chest pain. Chest pain 

eated by analgesic drugs (aminopyridine and morphine). 
minutes after injection of thallium-201, 0.5 mg of nitro- 
erin was intravenously injected, followed by a continuous 
on at a mean rate of 0.1 + 0.4 mg/min. The average cu- 
ative dose before catheterization was 8.3 + 7 mg in the 
1 group and 8.1 + 6 mg in the STK group. Immediately 
he initiation of nitrate therapy, thallium-201 imaging 
arted within 15 minutes after thallium-201 injection and 
quisition of the three standard views was made within 
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THALLIUM SCINTIGRAM 


udy evaluates the effect 


tud: 80 minutes, the time necessa 
1 pre- and postintervention a 


catheterization laboratory. Witt 
` results of thallium scintigram, patients were then | 
in 2 groups, a control group (21 patients) and an ‘STK treated А. 





group (23 patients). The average time elapsed between onset 
of chest pain and angiographic procedure was 257 + 149 
minutes (range 40 to 660) for patients from the control group 
and 245 + 57 minutes (range 153 to 360) for patients from the 
STK group. 

An intravenous bolus of heparin, 10, 000 IU, was given аї the 
beginning of the catheterization. No steroids nor calcium 
antagonist drugs were administered. Using the femoral per- 
cutaneous approach, all patients were studied by selective 

coronary angiography. Nitroglycerin, 500 ug, was injected into 
the coronary artery to prevent coronary spasm. Patients from 
the control group underwent a contrast left ventriculography 


after coronary angiogram and were transferred to the coronary — 


care unit. In the STK group, after occlusion (total n = 21, or 
subtotal n = 2) of the artery supplying the suspected infarct 
zone had been angiographically confirmed, streptokinase 
(Kabikinase, Christiaens) was infused into the coronary artery 
at a mean dose of 236,957 + 52.174 IU within 45 minutes. 

Coronary angiography was repeated at the end of STK infu- 
sion to evaluate the success of recanalization and the residual 
stenosis at the site of occlusion. This angiogram was followed 
by left ventricular contrast angiography if left ventricular 
end-diastolic pressure did not exceed 25 mm Hg, which oc- 
curred in 2 patients. Two to 8 hours after completion of 
catheterization procedure, a second thallium-201 scintigram 
was obtained (so-called redistribution) without new injection 
of the radionuclide. Finally, thallium-201 scintigrams at rest 
were also performed 4 days and 6 weeks later. 

Patient care: In the coronary care unit, a Swan-Ganz 
catheter and an arterial line were inserted for 2 to 4 days. In- 
travenous heparin infusion (20,000 IU/day) was given for the 
first 2 days after catheterization. Oral nitrates were routinely 
given after withdrawal of intravenous infusion (2 to 4 days 
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17 16 
il 6 4 
i 0 1 
(IN 0 0 
‘Norris index (mean + SD) 5.7 + 2.1 5.9 + 2.2 
‘ECG localization of infarct 
. Anterior 17 10 
. Inferior 6 11 





SD = standard deviation. 





after beginning of intravenous infusion). Patients left the 
coronary care unit after 4 to 7 days and stayed in the hospital 
for 2 to 3 weeks. 
`. Thallium-201 imaging: Three views were obtained for 
~: each patient: anterior, left anterior oblique 45° and left an- 
-terior oblique 65°. For the first 10 patients, scintigrams were 
performed on a Searle Pho Gamma V camera and for the other 
patients on a mobile Elscint 215 M Gamma camera. Scintig- 
-raphic images were analyzed without computer enhancement. 
"The 4 acquisitions from each patient were read simultaneously 
and interpreted by 2 experienced observers without knowledge 
of the clinical or angiographic findings. Each view was divided 
іп 5 segments for a total of 15 segments. The thallium uptake 
in each segment was classified as follows: 0 = normal; 1 = 
possibly reduced; 2 = reduced; and 3 = absent. The maximal 
— defect score 45 originates from 15 segments times a maximum 
score of 3. The data are presented as the percentage of a 
. maximal defect score (equal to 45 or 100%), which would be 
` obtained if no thallium uptake was shown on the 3 views. 

Definition of reperfusion: Angiographic reperfusion was 
considered to be present if the infarct-related artery showed 
a good runoff of contrast material. The interpretation was 
. made by an angiographer unaware of the results of thallium 

scintigraphy. In the STK group, it was defined from the cor- 
` onary angiogram performed immediately after STK infusion, 

thus reflecting the effect of thrombolytic therapy. Within the 
` 6 weeks after the acute phase, a control angiogram was per- 
` formed in 32 patients (25 of 26 reperfused patients and 7 of 
18 nonreperfused patients). 

Statistical analysis: A Student t test for paired data was 
used for statistical computation over time within group. Re- 
peated-measures analysis of variance with orthogonal contrast 
was used to analyze changes in sequential thallium defect 
scores within and between 2 groups. 
















Results 


Clinical hemodynamic and angiographic char- 
acteristics of the patient: The clinical, hemodynamic 
and angiographic characteristics of patients groups are 
listed in Tables I and II. There were no differences in 
аре, Killip class at entry or Norris index between pa- 
tients assigned to the control group and those assigned 
“to the STK group. However, more patients in the STK 
¿group had anterior electrocardiographic localization of 
MI and more in the control group had inferior AMI. 
wo patients in the control group and 4 patients in the 
group had a previous myocardial infarction. 
ynamic characteristics measured at the 
















TABLE I 


-infarct-related artery was not occluded in 17 


patients. ^ 
















‘Hemodynamic а! 
ofthe Patients 









Heart rate (beats/min) 
Mean arterial pressure (mm Hg) 
Mean capillary wedge pressure 21 


+ 

(mm Hg) 
Cardiac index (liter/min/m?) 3.3 + 
LV ejection fraction (%) 44 + 
End-diastolic volume (ml) 96 + 
End-systolic volume (ml) 52 + 
Мо, of coronary vessels diseased 


2 
3 


LV = left ventricular. 


mk 
- OO 4» 





end of the catheterization procedure were simi 
ID. No differences were noted in angiograp 
ventricular ejection fraction, end-diastolic ai 
systolic volume and number of diseased vessel: 
stenosis) between the 2 groups. 3 
Among the 21 patients from the control gr 
(29%) had angiographic evidence of anterog 
observed during acute angiography. In the ST] 
before thrombolytic infusion, the infarct-relate 
was occluded in 21 patients and subtotally occlu 
2 patients. Thus, in the entire group of 44 pati 


patients (8 of 44). In the 8 patients with nono 
vessels at the time of catheterization, the pe 
concentrations (normal values <160 U/liter) w 
nificantly lower (978 + 559 U/liter, range 321 to 1 
than those in patients who were definitely reper 
in the catheterization laboratory (3,140 + 1,124 U 
range 1,005 to 4,920). The mean time from on: 
symptoms to peak levels of CK was similar in th 
tients with nonoccluded vessels (15 + 4 hours, гё 
to 17) and in the patients with catheterization 
fusion (14 + 4 hours, range 7 to 22). These valu 
significantly different from those in the patier 
whom reperfusion was not achieved (24 + 6 hours 
13 to 40). After STK infusion, anterograde flo: 
present in 20 patients (87%, 20 of 23), whereas. 
bolytic treatment failed to reopen the infarct- 
artery in 3 patients (14%, 3 of 21). Thus, reperfusio 
achieved in 26 patients: 6 from the control group àn 
from the STK group. Reperfusion was absent in 1 
tients: 15 from the control group and 3 from the ST 
group. Within the 6 weeks after AMI, 4 reperfused p: 
tients underwent coronary artery bypass surger 
severe stenosis remaining at the site of occlusion ап 
onset of angina pectoris at rest. À second angiog 
performed just before surgery confirmed the p: 
of the infarct-related vessel. Among the 22 ot 
tients in whom reperfusion was achieved, the 
angiogram was performed 6 weeks after AMI 
tients and showed persistence of reperfusion ir 
tients. Seven patients in whom reperfusion 
achieved underwent follow-up angiograph 
infarct-related artery remained occluded in: 
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of thallium- — between each step of the 

m defect scores are shown in Figure 2and tions was significant (р 
lues in Figure 3. Defect scores from patients 44 + 4%; redistribution, 38 + 4%; 
e control group decreased between 3%: 6 weeks). The total decrease of 


























| 3 preintervention scintigram and 6 weeks scintigram was 
j 29 + 4%, р <0.01) and between redistribution of 23 + 4% units (p <0.001). Analysis of variance was 
fourth day scan (from 29 + 4% to 25 + 4%, p <0.01). used to compare the changes in defect scores over time 
significant change was observed between scinti- between groups, and revealed no significant difference 











erformed after 4 days and 6 weeks (25 + 4% and in the evolution of defect was observed between 
о). The total decrease in defect score from the STK-treated group and control group. 
giographic scintigram to the 6-week scintigram Analysis according to reperfusion: Thallium scinti- 


11 + 3% units (p <0.005). In the patients assigned grams were also analyzed in patients classified according 
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FIGURE 2. Sequential individual thallium de- 
fect scores in control and streptokinase 
groups. Two patients in the control group died 
before the week 6-thallium scintigram. PRE- 
ANGIO = thallium scintigram before angiog- 
raphy; 4 HR RDST = redistribution thallium 
scintigram, performed after the preangiogra- 
phic intravenous thallium injection. 
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group 
nz21 


group 


FIGURE 3. Mean values (+ standard 
error of the mean) of sequential thalli- 
um defect scores. * р «0.01; ** р 
«0.001 compared with the previous 
value. Abbreviations as in Figure 2. 
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gures 4 and 5. Twenty-six patients were included 


e group of patients in whom reperfusion was achieved 

from the STK group and 6 from the control group), 
зегеаз reperfusion was absent in 18 patients (3 from 
e STK group and 15 from the control group). In pa- 
ints in whom reperfusion was not achieved, the defect 


reper 
ography, 40 + 4%; redistribution, 32 + 4%; 4 da 
5%; and 6 weeks, 14 + 2%). Analysis of variance, 
formed to compare the changes of defect score 
groups, showed a significant difference betwe 


NON REPERFUSED PATIENTS 
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DEFECT BO 
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n= 20 
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Streptokinase group 
Control group 
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$cores in nonreperfused patients and reperfused 
patients. Two nonreperfused patients (in the 
control group) died before the week 6-thallium 


: FIGURE 4. Sequential individual thallium defect 


PRE-ANGIO 


4HR 
RDST 


NON REPERFUSED PATIENTS 


THALLIUM 
DEFECT 40 


SCORE 
(%) 


FIGURE 5. Mean values (+ standard 

error of the mean) of sequential thalli- 

um defect scores * р <0.001 com- 
_ pared with the previous value). Abbre- 
-viations as in Figure 2. 
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n perfused patients include the data of the 
in whom the infarct-related artery was found 
occluded (before angiography, 32 + 796; redistri- 
tion, 22 + 6%; 4 days, 12 + 4%; and 6 weeks, 9 + 496) 
| the results of the 18 patients reperfused during the 
atheterization (before angiography, 42 + 4%; redis- 
bution, 35 + 4%; 4 days, 23 +3%; and 6 weeks, 17 + 
similar trend of thallium score decrease over time 
bserved in these 2 subgroups of patients. 



































Discussion 


is study, based on a randomized trial of intraco- 
y STK in AMI, indicates that serial thallium 
ging is an accurate method for assessing changes in 
'cardial perfusion during AMI. Restoration of 
lium uptake was observed after reperfusion on the 
rct-related artery, whether this recanalization was 
pontaneously or after successful thrombolysis. In 
ast, in most patients not showing coronary artery 
fusion by angiography, no change of the perfusion 
t was noted over time. 

efore initiation of the STK therapy, 8 patients (17%) 
no angiographic evidence of total coronary occlu- 
This proportion of patients with nonoccluded 
15 during the early hours after onset of symptoms 
MI i is similar to that in previous reports. 1,8-10,25,26 





































subset of patients’; also in the present study, in- 
enous nitroglycerin administered early after ad- 
iion could have contributed in perfusion improve- 
t, as shown by Flaherty et а1.28 
he criteria for inclusion of patients in the study 
ent onset of typical chest pain, persistent ST-seg- 
elevations) and the protocol for administration 
itracoronary STK were similar to those of other 
. studies. In the present study, attempts to recan- 
the infarct-related coronary artery with intraco- 
загу STK were successful in 86% of the patients (18 
1). This rate of successful recanalization is similar 
those reported by other groups (57 to 89%!-9). At least 
ndomized trials have already shown that intraco- 
y STK is significantly more effective than classic 
tment in establishing reperfusion.5-? 
e efficacy of an early thrombolytic therapy must 
sessed by 3 criteria: a successful reperfusion of 
ardized myocardium, salvage of jeopardized myo- 
um, and improvement of left ventricular function. 
'ovement of left ventricular function has been 
n in nonrandomized trials!?29-31 but remains а 
lissue that will be resolved after large-scale pro- 
ve clinical trials. From the 4 reported randomized 
a significant improvement i in the global ejection 
ion was shown in only 1 study.® In the present 
, We focused on the first criterion of efficacy of 
Anrombolytic treatment and we showed that se- 
al thallium scintigraphy is useful for determining 
equacy of reperfusion; also, the early redistribu- 
the tracer into initially underperfused areas 
ermit- assessment. of Viability of reperfused 
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arl, нае. in пр a the recently proposed i in- - 
travenous thrombolytic infusion protocols, which can — 
be carried out more simply and more rapidly than in- 
tracoronary infusion.!0-14.32.33 Experimentally, in the 
early reperfusion phase of AMI, the presence of thallium 
uptake is a function of coronary blood flow but is an 
unreliable indicator of myocardial cell viability.?1-?3 In 
this early phase, redistribution images probably assess 
the effects of reperfusion on myocardial viability, but 
further experimental studies correlating the thallium 
finding to other markers of myocardial salvage are in- 
dicated. In the late phase (48 hours) after reperfusion, 
thallium imaging is a good predictor of myocardial vi- 
ability. In the present clinical study, we extended the 
sequential imaging approach, preangiographic and re- 
distribution scintigraphy, used by others.*1519? We also 
found an increase in thallium uptake in the redistri- 
bution scintigram after proved coronary artery reper- 
fusion. Additionally, our study indicates, in the group 
in whom reperfusion was achieved, a further improve- 
ment in thallium uptake after repeated intravenous 
injections of the tracer at 4 days and 6 weeks. 'T'his serial 
improvement was observed both in control and in 
streptokinase groups but only in the reperfused patients 
of these 2 groups. Without thrombolytic treatment, 
other studies have already shown a reduction in perfu- 
sion defects on serial scintigraphy, possibly indicating 
reperfusion of transiently ischemic zones.?495 In animal 
experiments?6 there was even a direct linear relation 
between the improvement in thallium perfusion and the 
percent decrement in ejection fraction after coronary 
artery occlusion. With these sequential thallium scin- 
tigrams, comparison of the paired scintigrams of each 
patient serving as his own control provides a measure 
of the amount of myocardium that is reversibly ische- 
mic. Comparison of STK-treated and control groups 
allows separation of changes caused by thrombolysis 
therapy from changes caused by spontaneous or nitro- 
glycerin-related effects. 

Thallium perfusion imaging for evaluating the re- 
sponse to early thrombolysis could be optimized by the 
newer quantitative approaches to scintigraphic analysis, — 
such as functional subtracting images?" or single photon _ 
tomography.??3? Moreover, the amount of salvaged 
myocardium could be determined by the study of 
myocardial metabolism with positron-emission to- 
mography.1^ In the present study, we proved the value 
of sequential thallium scintigrams to assess reperfusion 
after the onset of myocardial infarction. This technique 
can have an easy and widespread clinical application, 
particularly for the evaluation of early intravenous 
thrombolytic therapy, which does not require a well- 
equipped angiography laboratory. 
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alar electrocardiograms of 64 patients with 
wall myocardial infarction (MI) and 87 nor- 
ibjects were quantitatively analyzed to de- 
e the respective contributions of the initial and 
inal portions of the QRS to the diagnosis of in- 
МІ. Of the 10 best individual electrocardio- 
с criteria for inferior MI, 7 were Q-wave cri- 
id 3 were criteria that consisted of delayed 
ination of the QRS in leads II or Il. Combining 
st terminal QRS criterion (the QRS in lead Ill 
at least 20 ms later than the QRS in lead 1) 
he 7 best Q-wave criteria and the best Q-wave 
1(Q wave 40 ms or longer in lead aVF) with 
est terminal QRS criteria, resulted in criteria 
































ional electrocardiographic criteria for diagnosing 
ardial infarction (MI) emphasize abnormalities 
initial portions of the QRS complexes of appro- 
в leads. For example, inferior MI often produces 
mally large Q waves in leads II, III and aVF, but 
rocardiographers have generally ignored the ter- 
| portion of the QRS complex as a possible source 
ormation for diagnosing myocardial infarction. 

'ever, our group has observed that many patients 
rior MI have, in addition to Q waves of various 
ads П, IH and aVF, unusually broad terminal 
$ in the same leads. Since it appeared that broad 
al R waves confined to these leads were uncom- 
| patients without inferior MI, we hypothesized 
ha pattern of R waves might constitute specific 
ardiographic evidence for inferior MI. 
ore, we designed the present study to determine 
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with better sensitivities and overall diagnostic per- 
formances than those of the individual criteria. An- 
alyzing the vectorcardiograms that were also 
available in 26 of the patients with inferior MI and 34 
of the normal subjects showed that the delayed in- 
scription of the end of the QRS in leads Il and Ill in 
patients with inferior MI is due to redirection of the 
terminal forces of ventricular depolarization. The 
terminal portions of the ORS complexes in the limb 
leads, considered both alone and in conjunction with 
traditional measurements of Q waves, contain in- 
formation that is useful for diagnosing inferior MI. 


(Am J Cardiol 1985;55:896-899) 















empirically whether analyzing the terminal portion of 
the QRS is useful in the diagnosis of inferior MI. If so, 
it could provide a new set of diagnostic criteria for in- 
ferior MI that could be used either alone or in con- 
junction with traditional Q-wave criteria for this im- 
portant abnormality. 


Methods 


Patients: The patients studied were selected from a total 
of 749 patients who had undergone cardiac catheterization 
between January 1, 1976, and December 31, 1983, at the 
Syracuse Veterans Administration Medical Center and who 
had no electrocardiographic evidence of left bundle branch 
block, right bundle branch block or left anterior hemiblock. 
Group A consisted of 64 patients with inferior MI as indicated 
by 75% or greater narrowing of the dominant coronary artery 
and either akinesia or dyskinesia of the inferior left ventricular 
wall detected by contrast ventriculography in the right ante- 
rior oblique projection. Group B consisted of 87 patients with 
normal coronary arteries and normal motion of the left ven- 
tricular wall. 

Collection of electrocardiographic and vectorcardio- 
graphic data: On the day before catheterization of each pa- 
tient, 12-lead electrocardiograms were obtained using either 
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om leads Vi, Ve ana Vs ndn finally: топі era V. V ү, edd Ve. 
; е simultaneous recording of 3 leads permits one to study 
he relative times of inscription of corresponding portions of 
he electrocardiographic complexes in those leads. To be 
certain that all 3 channels were operating simultaneously, we 
nspected the relative times of onset of the 1.0 mV standard- 
zation marks. If the times of onset of the marks were dis- 
similar, then a correction for the discrepancy was made in 
` comparing the times of inscription of the QRS complexes. For 

example, if the standardization mark in channel 1 began 10 
. ms before the marks in channels 2 and 3, then the QRS com- 
plex in lead I was considered to have actually begun 10 ms 
later than it appeared on the tracing. 

We also recorded vectorcardiograms from 26 of the patients 
in group A and 34 of the patients in group B, using an In- 
struments for Cardiac Research model 1001 recorder with the 
QRS loops in each plane interrupted every 2 ms. 

Analysis of electrocardiographic data: To compare the 
contributions of each portion of the QRS complex to the di- 

agnosis of inferior MI, we analyzed both the initial and ter- 
minal deflections of the QRS in various leads. Therefore, we 
measured the following parameters of the QRS complexes of 
the electrocardiograms in all the patients in groups A and B: 
the total duration of the QRS complexes; the durations of the 
. individual Q, R and S waves recorded in leads I, II, IH, aVL 
апа aVF; and the differences between the times of the ter- 
` mination of the QRS complexes in leads I and П, leads I and 
‘TH and leads aVL and aVF. To measure the components of the 
QRS complexes more accurately, we used a 5X magnifier. 
From the measured values previously mentioned, we calcu- 
lated the following additional parameters in each patient: the 
sums of the durations of the Q and R waves in each of leads 
I, IH, Ш, aVL and aVF and the differences in each of these 
. measured and calculated parameters between leads I and П, 
. leads I and Ш, leads I and aVF, leads aVL and П, leads aVL 
` and Ш and leads aVL and aVF. By analyzing the distributions 
of the values of each of these measured and calculated pa- 
` rameters in groups A and B, we determined the sensitivity and 
. specificity of each of the values for the diagnosis of inferior MI. 
` We then calculated the relative odds of these values using the 
formula: 













































(sensitivity) (specificity) 


R l ti dds ee ee mee аа 
elative o (100 — sensitivity) (100 — specificity) 


"The relative odds exhibited by a diagnostic test for a particular 
disease are the odds that a subject with a positive test result 
actually has that disease compared with those of a subject with 
a negative test result. Because the relative odds incorporate 
both the sensitivity and specificity of a test, they measure the 
overall performance of the test. Also, in contrast to the positive 
or negative predictive value, the significance of a particular 
value of relative odds of a diagnostic test is independent of the 
prevalance of the disease in the group being studied.! When 
either the sensitivity or the specificity of a test is high, a small 
change in the sensitivity or specificity, respectively, produces 
a large change in the relative odds exhibited by the test. 
The statistical significance of the differences between the 
<.. overall diagnostic performances of 2 tests was assessed using 
... MceNemar's test with the Yates correction for continuity. 

-< Analysis of vectorcardiographic data: To help determine 
the reason for the broad terminal R wave in electrocardio- 
graphic leads II, Ш and aVF in some patients with inferior MI, 
e measured the time occupied by the vectorcardiographic 
QRS loop i in anea of | the 4 quadrants of the frontal plane (right 

or, le ^ft inferior and right inferior) of the 
m v ectorcardiograma were 





vu TABLE! Р _ 


lists the results. 0 









айра llographic Cr 
Myocardial infarction 





Sensitivity Specificity 
Criterion (%) (%) 








QF 240 36 

TERM13 220 53 97 
ОР 235 52 97 
TERM13 >25 36 98 
Q2 >25 73 91 
Q2 230 61 94 
Q2,3&F 230 53 95 
Q3 240 69 90 
Q3 2.45 31 97 
TERM12 Z20 








Q2 >25 = > 25-тѕ О wave in lead Il; Q2 230 = 230-n 
in lead ll; Q2,3&F 230 = 230-ms Q waves in leads 1, Ш an 
240 = >40-ms Q wave in lead Ill; Q3 2:45 = 2-45-ms Qw 
li; OF 2:35 = =35-ms О wave in lead aVF; QF 240 = 24 
in lead aVF; TERM12 >20 = ће QRS in lead Il terminates = 
than the QRS in lead |; TERM13 220 = the QRS in lead IH t 
>20 ms later than the QRS in lead |; TERM13 225 = the QR 
Ii! terminates 225 ms later than the QRS in lead I. 















































available. A possible cause of these broad terminal 
is slowing of the late forces of ventricular depolarizatic 
they are inferior to the E point (and are thus being ré 
as positive deflections by leads П, Ш and aVF). If so, 
terminal portions of the vectorcardiographic loops ¢ 
tients in group A should spend more time in 1 or bot. 
inferior quadrants of the frontal plane than those of 
tients in group B. 
To evaluate the additional possibility that infer 
redirects rather than slows the terminal forces of veni 
depolarization, we measured the terminal angles exhib 
the vectorcardiographic loops in the frontal plane in 
À and B. The terminal angle is measured by drawing 
between the E point and the point 10 ms from the en: 
QRS loop in the frontal plane. The absolute value of the 
formed by that line and the positive half of the Y axis 
terminal angle. Therefore, the smaller the terminal angl 
more nearly the terminal forces of ventricular depolaris 
are inferior and perpendicular to lead X. ^ 
The statistical significance of any differences betw 
groups À and B with respect to each of the vectorcardiogra 
parameters was determined using the Student t test. 


Results 


The 10 best individual electrocardiographic crit 
(as indicated by the relative odds exhibited by eac 
diagnosing inferior MI are listed in Table I. Та 
shows that the best individual criterion is a Q wav 
ms or longer in lead aVF and that the second bes 
QRS complex in lead III that ends at least 20 ms la 
than the QRS complex in lead I. Table I also shows t 
of the 10 best individual criteria for inferior MI, 
traditional Q-wave criteria and 3 are criteria that inv 
the relative times of termination of the QRS comp 
in leads II and III. 

Since the best Q-wave and terminal forces cri 
'Table I each exhibited high specificities (99% anc 
respectively), we reasoned that we could combini 
of them as disjunctions with other individual 
and thus develop combined criteria. with 
sensitivities and acceptabl ' hi 1 


















































n. 
| ` Sensitivity u Specificity Relative 
(96) (96) менш 
73 95 51:1 
73 95 51:1 
78 93 47:1 
97 51:1 
88 87 49:1 
83 91 49:1 
81 92 49:1 
84 87 35:1 
70 93 31:1 
66 93 26:1 


25 = .2:25-ms О wave in lead If; 02 230 = =30-ms Q wave 
Q2,3&F 230 = > 30-тѕ Q waves in leads Il, Ill and aVF; Q3 
40-ms Q wave in lead lll; Q3 245 = > > 45-ms О wave in lead 
5 = >35-т\ О wave іп lead aVF; QF = 40 = > 40-т5 Q wave 
VF; TERM12 > 20 = the QRS in lead Il terminates 2:20 ms later 
ОВ in lead |; TERM13 = 20 = the QRS in lead Ili terminates 
ms later than the QRS in lead i; TERM 13 = 25 = the QRS in lead 
ninates > 25 ms later than the QRS in lead I. 


he 3 best terminal forces criteria and the best 


II shows that in each case, these combinations 
ed in higher sensitivities and usually in higher 
е odds than those exhibited by the individual 
а. Furthermore, in 8 of the 10 cases, the specifi- 
remained greater than 90%. For example, com- 
ing the best terminal forces criterion with the best 
e criterion raised the sensitivity of the latter from 
73% and only reduced its specificity from 99 to 
‘his change represents a significant improvement 
e overall performances of the best Q wave and the 
terminal forces criteria for inferior MI (x? = 16.3, 
.001 and x? = 10.4, p «0.005, respectively). 

results of the analysis of the vectorcardiograms 
ted in Table III. Although the left and total initial 
are greater in group А than in group B, groups А 
have similar left, right and total terminal times 
similar total durations of the QRS loop. The ter- 
1 angle was significantly lower in group A than in 


Discussion 


propensity of inferior MI to produce Q waves in 
TI, III and aVF is well known. However, inferior 
an also alter the later portions of the QRS. In 1950, 
tal? introduced the term “peri-infarction block" 
cribe a generalized prolongation of the QRS 
aplex associated with MI. Subsequently, Grant* and 
and п. distinguished between anterolateral 

ior arction block to refer to changes 


phic Criteria for inferior — 


ial forces criterion with the 7 best Q-wave criteria. 


portions of the QRS complexes _ 


pone ‚ 





| ~GroupB | E 
Parameter (mean + SD) (mean + SD) р 

Right initial time 8+9 9 + 10 NS 
Left initial time 18 x 11 7 +8 «0.001 
Totai initial time 26 + 10 16+ 10 <0.001 
Left terminal time 43 + 22 46+ 18 NS 
Right terminal time 19 + 15 18 + 17 NS 
Total terminal time 65 + 16 71+ 10 NS 
Total time 90 + 14 87 + 9 М5 
Terminal angle 36 + 34 69 + 53 «0.005 


Initial time — the time (in milliseconds) spent by the QRS loop before. 


it goes inferior to the E point; terminal time = the time (in milliseconds) 
spent by the QRS loop after it goes inferior to the E point; terminal angle 
(in degrees) is described in the text. 

NS = not significant; SD = standard deviation. 


of specifc leads. Because their descriptions of antero- 
lateral and inferior peri-infarction blocks correspond 
to what are now called left anterior and posterior 
hemiblock, the term peri-infarction block has lost favor. 
However, the prominent terminal R waves in leads II, 
ПІ and aVF that stimulated the present study аге 
identical to those described by Grant et al*? in their 
discussions of inferior peri-infarction block. 

Grant et al’ speculated that inferior MI produces 
prominent terminal R waves in leads II, III and aVF by 
damaging the portion of myocardium normally acti- 
vated directly by the posterior fascicle. This results in 
a pattern of ventricular depolarization similar to that 
seen when the posterior fascicle itself is interrupted. We 
believe that this is an attractive hypothesis for the fol- 
lowing reasons: First, because the posterior fascicle 
terminates in the inferior wall of the left ventricle, in- 
farction in that location could easily disrupt the inter- 
face between that fascicle and the myocardium of the 
inferior wall. Second, the development of more promi- 
nent R waves in the terminal portions of the QRS 
complexes of leads II, III and aVF tends to make the 
QRS frontal-plane axis deviate toward the right—a 
change similar to that seen with left posterior hemi- 
block. Third, because of the spatial relations of the an- 
terior and posterior fascicles, blockage in the latter 
produces clockwise rotation of the electrical forces of 











ventricular depolarization in the frontal plane." This n 


could help explain why inferior MI (in the absence of 
left anterior hemiblock) is frequently associated with 
a similar direction of rotation of both the initial and 
terminal forces of depolarization.® 

The present study not only confirms that inferior MI 
often alters the terminal portion of the QRS, but also 
shows that such alterations are diagnostically useful. A 
systematic evaluation of our patients’ tracings revealed 
that 3 of the 10 best (including the second best) overall 
electrocardiographic criteria for inferior MI consist of 
relative delays in the terminations of the QRS com- 
plexes in leads П and III. Of still greater clinical im- 
portance, the study also demonstrates that these new 


terminal QRS criteria can be combined with traditional _ 


Q-wave criteria for inferior MI and thus 1 improve the 
avi. and overall 1 diag: Ф a Ef. 













the patients in the present study E rest 
to those originally reported by us (sensit 
specificity 90%, relative odds 66:1).9 Thus, tk 
QRS criteria yield lower sensitivities but hig 
ficities than our previously published criteria 
ior MI. 
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е verapamil is effective in the treatment of 
ction” angina, a single-blind, placebo- 
ed trial was performed in 17 patients ad- 
0 the coronary care unit with transmural 
myocardial infarction (AMI) to assess the 
of verapamil on angina and reinfarction after 
e study was terminated because results 
d in the initial 17 patients indicated that 
imil is not as effective in treating angina after 
it is in angina before AMI and does not pre- 
reinfarction. Continuous electrocardiographic 
ing during the first 3 days after AMI showed 
sence of transient episodes of ST-segment 
ion i in 4 patients taking verapamil and 4 pa- 





and reinfarction after acute myocardial in- 
(AMI) are frequent complications of AMI.!-8 
ministration of drugs aimed at preventing the 
псе of myocardial ischemia would be of re- 
le therapeutic importance. The prognosis of 
having these complications is worse than that 
ents with uncomplicated AMI.235 Verapamil i 18 
mely effective in the treatment of variant angina 
gina at геѕі9-11; thus, the effects of verapamil 
essed on the frequency of angina and reinfarc- 
r AMI. The trial was discontinued after the 
17 patients was completed because of the ob- 
lure of verapamil to prevent the recurrence of 
‘dial ischemia after AMI. 


Methods 


een patients admitted to our coronary care unit 
12 hours of onset of symptoms were entered into this 
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© crease in n systolic blood pressur 






тє prints: Filippo Crea, мо, кзы a Unit, Ham- vu 





. FILIPPO CREA, MD, JOHN DEANFIELD, MRCP, PETER CREAN, MRCPI, 
MOHD SHAROM, MD, GRAHAM DAVIES, MCRP, and ATTILIO MASERI, MD 

















tients taking placebo. The total number and duration 
of transient ischemic episodes was similar in the 2 
groups (46 vs 41 and 23 + 22 vs 17 + 15 minutes, 
respectively). The percentage of transient ischemic 
episodes accompanied by chest pain was similar in 
both groups (10926). The ischemic episodes were 
never preceded by important increases of heart rate. 
Four patients taking verapamil and 4 taking placebo 
had reinfarction within the first 10 days after the 
incident AMI. These findings suggest that the pre- 
vailing mechanisms of myocardial ischemia in the 
immediate post-AMI period could be different from 
those operating in angina before AMI. 

(Am J Cardiol 1985; 55:900-904) 















single-blind, placebo-controlled trial (Table D. Candidates 
included patients with a history of prolonged chest pain typ- 
ical of AMI and with electrocardiographic (ECG) changes 
consistent with transmural ischemia. In all patients, the di- 
agnosis of transmural AMI was confirmed by elevation of 
serum creatine kinase (CK)-MB levels and by characteristic 
evolution of the electrocardiogram (e.g., new Q waves). Six 
patients had a history of angina and 3 patients had a previous 
AMI; none of the patients had a history of variant angina. 
Before admission, 4 patients were treated with nitrates; none 
were taking calcium antagonists or B-blocking drugs. Exclu- 
sion criteria were: older than age 75 years, systolic blood 
pressure less than 90 mm Hg, heart rate less than 55 beats/ 
min, severe hypertension requiring intravenous vasodilators, 
PR interval longer than 0.3 second, second- and third-degree 
atrioventricular (AV) block, intraventricular conduction de- 
fects (QRS interval longer than 0.1 second), severe heart 
failure, and syncope or cardiac arrest before admission. 
Protocol: After informed consent was obtained, blood 
pressure (cuff) and heart rate were taken, continuous ECG 
recording was begun and a venous blood sample was obtained 
to measure CK-MB. Within 1 hour of admission patients were 
randomized and the administration of verapamil or placebo 
was begun. In patients receiving verapamil, an intravenous 
bolus of 10 mg was given at intervals of 30 minutes up to a total 
dose of 40 mg, followed by the oral administration of 80 mg, - 
3 times daily, until discharge. The administration of verapamil © 
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Onset of 
CK-MB Chest Pain : 
| Age (yr) AMI Peak and Treatment ST-Segment .. 
. Pt No. & Sex AP AMI Site (IU/liter) (hr) Treatment AP Elevation R 
(1 54M + A 58 5 V + + 
2 60M + | 45 4 V (dis) + 0 
3 64M 0 | 158 3 V 0 0 
4 52M 0 і 98 4 V 0 0 
5 71F 0 і 210 6 V + + 
6 54М 0 А 110 12 V + + 
7 71М 0 А 114 7 V + + 
8 52M 0 A 112 6 V (dis) 0 0 
Меап 59 113 6 
+ SD +7 +52 +3 
9 56M 0 + A 160 4 Р + + 
10 63M + 0 і 280 12 Р 0 0 
11 66м + 0 i 118 9 Р 0 0 
12 62F + 0 | 74 8 P 0 0 
: 13 53M =" 0 А 144 6 Р + 0 
14 48M 0 0 і 114 10 Р + 0 
15 52М 0 0 А 140 10 Р + + 
16 56М 0 0 А 144 4 Р + + 
17 49M 0 0 A 32 3 Р + + 
Меап 7 
+3 





* Angina before admission treated with nitrates. ; 
А = anterior; AMI = acute myocardial infarction; AP = angina pectoris; | = inferior; P = placebo; SD = standard deviation; V my 
(dis) = verapamil discontinued because of adverse effects; + = present; 0 = absent. : 





onset of second- or third-degree AV block. Saline solution and sociated with sudden changes of the R- or S-wav j 
placebo tablets were administered in a manner similar to that dicative of changes in body position, were conside 
for verapamil. nostic of myocardial ischemia. 


Blood pressure and heart rate were measured after each The diagnosis of reinfarction was made in patients 
bolus; thereafter, these values were obtained at intervals of 3 conditions developed: prolonged chest pain not res 
4 hours for the first 3 days and at intervals of 6 hours for the to sublingual nitroglycerin, persistent reelevation ‹ 
next 7 days. ment in the area of the initial AMI or persistent nei 

In all patients the onset and duration of new episodes ment elevation in a different region, and secondary 
of chest pain and the consumption of sublingual nitroglyc- peak defined by at least 3 blood samples. CK-MB a 


erin that occurred during the first 10 days were carefully the serum was measured by a modified Wurzburg t 





recorded. using a commercial kit (Merchotest CK-MB NAC 
The electrocardiogram was continuously recorded (Racal- ed).!? The upper limit of normal was 10 IU/liter. 

. Store 14) for the first 3 days. Two leads were selected in each For continuous data, mean + standard deviatio: 
patient: the anterior lead with the greatest S'T-segment ele- culated. Comparisons between the 2 groups were m 
vation and aVF in subjects with anterior AMI, and lead Уз and paired t tests and the Fisher exact test. А p value <! 
the inferior lead with the greatest ST-segment elevation in considered statistically significant. 
patients with inferior AMI. In all patients a standard 12-lead 
electrocardiogram was also recorded 3 times daily for 10 Results | 
days. Of the 17 patients entered into the study, 8r re 


Venous samples to measure CK-MB were drawn for 10 days 
after the incident AMI at intervals of 4 hours for the first 3 
days and at intervals of 6 hours for the next 7 days. 

Chest pain associated with the incident AMI was treated 


verapamil and 9 placebo. There were no sig 
differences in gender, age, history of myocardii 
mia, location of AMI and time elapsed betwee 











with morphine. Recurrent episodes of chest pain were treated of pain and initiation of treatment (Table D. - | 
with sublingual nitroglycerin or morphine if suggestive of Blood pressure was similar in the 2 groups ofp 
reinfarction. All patients with important arrhythmias received either before or during treatment. Heart rate wa: 
lidocaine. Diuretic drugs were given in the presence of clinical tially similar, but during treatment was often. lo 
and radiographic signs of congestive heart failure. verapamil-treated patients, although the differen 
Data analysis: Angina after AMI was defined as a new not reach statistical significance (Fig. 1). А 
occurrence of typical chest pain, with or without radiation, In 2 patients we had to interrupt the adminis 


lasting longer than 2 minutes and promptly relieved by sub- 
. lingual nitroglycerin. 
> Continuous ECG recordings were reviewed at low- and 
high-speed analog playback and the signals recorded on a 
hannel ink recorder (Mingograph 14 Elema Schoenander). 
sient £ sting longer than 1 minute, at . 
ed 0.8 second after — 
ation, and not. as- EA 


of verapamil. Patient 2 had complete AV block 
the first intravenous bolus of the drug; patien 
severe hypotension after the second oral dose 
cases аа меге transient 1 prom 















Diastolic 


Control 


VERAPAMIL 


Anginal 


Attacks | 


Nitroglycerin 
Consumption 


and 5] and 2 receiving placebo | nos. 13 and 17 ), new 
heart failure developed. All responded to treatment with- 
diuretic therapy. Short runs of ventricular tachycardia 
were observed in 2 patients (nos. 5 and 7) 
apamil; another patient (no. 8) had runs of ventricular 
tachycardia and transient complete AV block after ver- 
apamil had previously been discontinued because of 
severe hypotension. Ámong patients taking placebo, 
had runs of ventricular tachycardia (nos. 11, 13 and 14); 
of these, patient 14 also had transient complete AV block. 
In all patients ventricular arrhythmias were promptly 
relieved by lidocaine. No patients taking verapamil 
died; 2 patients taking placebo died (nos. 11 and 16). 
Postinfarction angina: Angina developed after AMI 
in 11 patients (5 taking verapamil and 6 taking placebo) 
(Fig. 2). In the group receiving verapamil, a total of 19 
anginal attacks occurred (including 4 attacks in patient 
2 in whom the drug was discontinued), from 2 to 5 in 
individual patients, and 22 in the group taking placebo 
(from 1 to 12) (difference not significant [NS]). Mean 
duration of angina was 15 + 9 minutes (range 3 to 30) 
and 13 10 minutes (range 5 to 40), respectively, in the 
2 groups (NS). Patients taking verapamil needed a total 


PLACEBO 


Angina} | Nitroglycerin 
erecta N .» Consumption 


















1СОНЕ 3. Columns represent individual patients and 
lack circles an episode of transient ST-segment ele- 
ation. The value on the ordinates corresponds to heart 
“Fate at the onset of myocardial ischemia. 





Heart Rate (beats / min) 


<- of 18 sublingual nitroglycerin tablets (range 2 to 5 in 
individual patients), and patients taking placebo a total 
of 15 (range 1 to 5) (NS). 
- Transient ischemic episodes: Continuous ECG 
monitoring documented transient episodes of ST-seg- 
.ment elevation in 8 patients (4 taking verapamil and 4 
placebo) (Fig. 3). Patient 5, who received verapamil, 
‘with an inferior AMI, also had reciprocal ST-segment 
depression in anterior leads; in no patient did only 
transient ST-segment depression occur. In 7 patients, 
A the ECG localization of ST-segment elevation was in the 
‘same area as the incident AMI; only in patient 1, who 
'eceived verapamil, did the ischemic episodes occur in 
-a different region. A total of 46 transient ST-segment 
` shifts occurred in the group taking verapamil (range 3 
to 22 in individual patients) and 41 occurred in the 
group taking placebo (range 4 to 24) (NS). The mean 
‘duration of the transient ST-segment shifts was 23 + 
: 22 minutes (range 2 to 95 minutes) and 17 + 15 minutes 
(range 2 to 58 minutes), respectively, in the 2 groups 
(NS). Neither of the patients in whom verapamil was 
- discontinued because of adverse effects had ST-segment 
shifts. 
2 In all patients an increase in heart rate at the onset 
©з of ST-segment elevation was never more than 10 
beats/min when compared with values observed during 
the preceding 5 minutes. 

. In both groups only 10% of transient ST-segment 
shifts were symptomatic. Furthermore, 82% of typical 
anginal episodes (7896 in the group taking verapamil and 
86% in the group taking placebo), which occurred during 
the first 3 days, were not accompanied by diagnostic 
ECG changes. 

Reinfarction: Reinfarction occurred in 8 patients, 

. 4 receiving verapamil (including patient 2, in whom the 

=, drug was discontinued) and 4 receiving placebo. In all 
.8 patients morphine administration was necessary to 
relieve chest pain. Secondary CK-MB peak was 87 IU/ 
liter (range 55 to 140 in individual patients) in the group 
aking verapamil and 102 IU/liter (range 22 to 155) in 






















the: oup taking placebo o (Fig. 4). ST- segment plevation | 

































VERAPAMIL PLACEBO. 


was in the same area as the initial AMI in 6 
(2 taking verapamil and 4 taking placebo) 
a different area in patients 1 and 4, Бой 
verapamil. | 

Patient 1, who сева verapamil, and patién 
and 17 who received placebo, sustained reinfa 
leads that showed transient episodes of S'T-seg 
elevation during continuous ECG monitorin 
farction occurred within 2 days of admission 
tients, after 3 days in 1 patient and after 5 ay 
patient. 


Discussion 


Our results show that in an unselected populá 
patients with AMI, verapamil at the dose given 
result in an appreciable decrease in the incid 
number and duration of anginal episodes and in 
glycerin consumption. The absence of an obvious : 
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FIGURE 4. Values of primary and secondary creatine kinas 
peak in verapamil- and placebo-treated patients. c n 
the 2 values relalive to the same inq S. E. Mes = "standard error o 
mean. | 
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о fiot NR direct evidence that recurrent ST- 

| t elevation, which occurred in the same region 
eincident AMI, was ischemic in origin. However, 

of transient episodes of ST- -segment elevation was 
mpanied by typical anginal pain and, in the indi- 
al patient, ECG changes were similar during both 
omatic and asymptomatic ischemic episodes. 

cover, ST-segment elevation was always charac- 
ized by gradual onset and termination and was never 
eded by important increases of heart rate or ar- 
mia. It is unlikely, therefore, that arrhythmias or 
'hanges of heart volumes can explain these tran- 
CG changes. Finally, 4 patients sustained rein- 
n in the same ECG region that had showed 
ient ST-segment elevation during continuous ECG 
ding. 

le study was not continued because results in the 
ial patients indicated that the effects of verapamil 
e treatment of postinfarction angina were obviously 
r to those obtained in angina before AMI." The 
of a trial required to show possible benefits would 
е been too large for a single center. 

‘his different response to verapamil, comparing 
ients with angina before AMI to those with angina 
ar AMI, is intriguing. The lack of increase of heart 
before transient ST-segment elevation is consistent 
the observation in patients with variant and un- 
le angina!?-!9 and suggests also that angina after 
may be produced by a decrease of coronary blood 
rather than by an increase of myocardial oxygen 
sumption. However, i in the early postinfarction pe- 
the decrease of coronary blood flow may be sec- 
ry to the formation of transient intravascular plugs 
lood constituents such as those observed experi- 
itally in severely stenosed coronary arteries” rather 
| nto coronary spasm. Our patients have not under- 
пе согопагу angiography. It would be interesting to 
mpare angiograms during ischemia-free intervals with 
igiograms during recurrent chest pain not accompa- 
ed by ECG changes and also during painless reele- 
tion of the ST segment. 

contrast to our results, Nakamura and Koiwaga?! 
nd that diltiazem reduced the frequency of episodes 
irrent S'T-segment elevation in 15 patients with 
Their data are difficult to interpret because the 
was not placebo-controlled. Regardless, the dif- 













































population. At least 3 of their patients had 
angina; moreover, 3 of the 7 patients who under- 
t coronary angiography had normal coronary arter- 
s, an unusually high percentage in patients with AMI. 





servation that calcium ani | 


іп 


his helpful advice. We are indebted to Barbara Wilkes, 
Nancy Sajezuk and Ava DeLorenzo for the preparation of this 
manuscript. 
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A major advance 
toward ideal _ 
inotropic therapy 


energy efficient 


OCOr \/ 


(AMRINONE 


instead of catecholamines 
for the short-term 
management of heart failure 












© Independent of the effects of 
_ digitalis and catecholamines 


_ © Hemodynamics rapidly improved 


© Heart rate and blood pressure 
mot significantly changed... 
has not been shown to increase risk 
of arrhythmias 


© Can be used in patients with 
myocardial ischemia 


o Benefits sustained during therapy... 
no evidence of tachyphylaxis 


_ © Easy to administer 


Patients receiving INOCOR should be carefully 
monitored with the following laboratory 
studies: platelet counts, liver enzymes, fluid and 
electrolyte changes, and renal function. | 
Hypokalemia should be corrected by potassium 
supplementation in advance of or during 
amrinone use. 
1. Respective products’ prescribing information, PDR®, 1984, ed. 38. | i 
2. Masorien RD, Unverferth DV, Brown GP et al: Dobutamine and hydralazine: Comparative 
influences of positive inotropy and vasodilation on coronary blood flow and myocardial 
energetics in nonischemic congestive heart failure. Journal of the American College of 
Согу 1983;1:499-505. | | 
3. Goldberg LI, Hsieh ҮҮ, Resnekov L: Newer catecholamines for treatment of heart failure 
and shock: An update on dopamine and a first look at dobutamine. Prog Cardiovasc Dis 


1977;19(4):327-340. : 
4. Data on file, Winthrop-Breon Laboratories. 


Please see brief summary of product information on this page for contraindications, adverse 
reactions, patient selection, and precautionary recommendations. 


(Winthrop Brean 


Winthrop-Breon Laboratories, Division of Sterling Drug Inc., New York, NY 10016 — 31249 


INOCOR lactate injection, brand of amrinone lactate, represents a new class af cardiac 
inotropic agents with vasodilator activity, distinct from digitalis glycosides or 
catecholamines. 

INDICATIONS AND USAGE (INOCOR lactate injection is indicated for the short-term 
management of congestive heart failure in patients who can be closely monitored and 
who have not responded adequately to digitalis, diuretics, and/or vasodilators ) 

INOCOR lactate injection is indicated for the short-term management of conges- 
tive heart failure. Because of limited experience and potential for serious adverse 
effects(see ADVERSE REACTIONS), INOCOR should be used only in patients who can 
be closely monitored and who have not responded adequately to digitalis, diuretics. 
and/or vasodilators. Although most patients have been studied hemodynamically for 
periods only up to 24 hours, some patients were studied for longer periods and 
demonstrated consistent hemodynamic and clinical effects The duration of therapy 
should depend on patient responsiveness 
CONTRAINDICATIONS INOCOR lactate injection is contraindicated in patients who 
are hypersensitive to it. 

It is also contraindicated in those patients known to be hypersensitive to bisulfites 
PRECAUTIONS General: INOCOR lactate injection should not be used in patients with 
Severe aortic or pulmonic valvular disease in lieu of surgical relief of the obstruction 
Like other inotropic agents, it may aggravate outflow tract obstruction in hypertrophic 
subaortic stenosis. 

During intravenous therapy with INOCOR lactate injection, blood pressure anc 
heart rate should be monitored and the rate of infusion slowed or stopped in patients 
showing excessive decreases in blood pressure. 

Patients who have received vigorous diuretic therapy may have insufticien: 
cardiac filing pressure to respond adequately to INOCOR lactate injection, in which 
case cautious liberalization of fluid and electrolyte intake may be indicated. 

Supraventricular and ventricular arrhythmias have been observed in the very 
high-risk population treated. While amrinone per se has not been shown to be 
arrhythmogenic, the potential for arrhythmia, present in congestive heart failure itself 
may be increased by any drug or combination of drugs. 

Thrombocytopenia and hepatotoxicity have been noted (see ADVERSE 
REACTIONS). 

LABORATORY TESTS Fluid and electrolytes: Fluid and electrolyte changes and rena: 
function should be carefully monitored during amrinone lactate therapy. Improvemen: 
in cardiac output with resultant diuresis may necessitate a reduction in the dose o' 
diuretic. Potassium loss due to excessive diuresis may predispose digitalized patients 
to arrhythmias. Therefore, hypokalemia should be corrected by potassium supple 
mentation in advance of or during amrinone use. 

DRUG INTERACTIONS In a relatively limited experience, no untoward clinical man) 
festations have been obser ved in patients in whom INOCOR lactate injection was usec 
concurrently with the following drugs: digitalis glycosides, lidocaine, quinidine meto 
prolol, propranolol; hydralazine, prazosin, isosorbide dinitrate, nitroglycerine, chlorthalı 
done, ethacrynic acid, furosemide, hydrochlorothiazide. spironolactone, сар!орп! 
heparin, warfarin, potassium supplements, insulin, diazepam 

One case of excessive hypotension was reported when amrinone was usec 
concurrently with disopyramide. 

Until additional experience is available, concurrent administration with Мограсе` 
disopyramide should be undertaken with caution. 

USE IN ACUTE MYOCARDIAL INFARCTION INOCOR is not recommended for use in 
acute myocardial infarction. 

USE IN CHILDREN Safety and effectiveness in children have not been established 
USE IN PREGNANCY Pregnancy category C: In New Zealand white rabbits, amrinone 
has been shown to reduce fetal skeletal and gross external malformations at oral doses 
of 16 mg/kg and 50 mg/kg that were toxic for the rabbit. Studies in French Hy/Cr rabbits 
using oral doses up to 32 mg/kg/day did not confirm this finding No malformations 
were seen in rats receiving amrinone intravenously at the maximum dose used 
15 mg/kg/day (approximately the recommended daily IV dose for patients with con 
gestive heart failure). There are no adequate and well-controlled studies in pregnant 
women. Amrinone should be used during pregnancy only if the potential benefit 
justifies the potential risk to the fetus. 

USE IN NURSING MOTHERS Caution should be exercised when amnnone ıs 
administered to nursing women, since it is not known whether it is excreted in humar 
milk 

ADVERSE REACTIONS Thrombocytopenia: Intravenous INOCOR lactate injection 
resulted in platelet count reductions to below 100,000/mm! in 2 4% of patients 
Gastrointestinal effects: Gastrointestinal adverse reactions reported with INOCOR 
lactate injection during clinical use included nausea (1 7%) vomiting (0.996), abdominal 
pain (0.4%), and anorexia (0.4%). 

Cardiovascular effects. Cardiovascular adverse reactions reported with INOCOR 
lactate injection include arrhythmia (3%) and hypotension (13%) 

Hepatic toxicity: In dogs, at IV doses between 9 mg/kg/day and 32 mg/kg/day 
amrinone showed dose-related hepatotoxicity manifested either as enzyme elevation 
or hepatic cell necrosis or both. Hepatotoxicity has been observed in man following 
long-term oral dosing and has been observed, in a limited experience (0.2%), following 
IV administration of amrinone 

Hypersensitivity: There have been reports of several apparent hypersensitivity reac- 
tions in patients treated with oral amrinone for about two weeks Signs and symptoms 
were variable but included pericarditis. pleuritis, and ascites (one case), myositis with 
interstitial shadowing on chest x-ray and elevated sedimentation rate (one case) and 
vasculitis with nodular pulmonar y densities, hypoxemia, and jaundice (one case) The 
first patient died, not necessarily of the possible reaction, while the last two resolved 
with discontinuation of therapy. None of the cases were rechallenged, so attribution to 
amrinone is not certain, but possible hypersensitivity reactions should be considered in 
any patient maintained for a prolonged period on amrinone 

General: Additional adverse reactions observed in intravenous amrinone clinical 
studies include fever (0.9%), chest pain (0.2%), and burning at the site of injection 
(0.2%). 

OVERDOSAGE Doses of INOCOR lactate injection may produce hypotension 
because of its vasodilator effect. If this occurs, amrinone administration should be 
reduced or discontinued. No specific antidote is known, but general measures for 
circulatory support should be taken. 

MANAGEMENT OF ADVERSE REACTIONS Platelet count reductions Asympto- 
matic platelet count reduction (to less than 150,000/mm?) may be reversed within one 
week of a decrease in drug dosage. Further, with no change in drug dosage. the count 
may stabilize at lower than predrug levels without any clinical sequelae Predrug platelet 
counts and frequent platelet counts during therapy are recommended to assist in 
decisions regarding dosage modifications 

Should a platelet count less than 150,000/mm? occur, the following actions may be 
considered 
* Maintain total daily dose unchanged, since in some cases counts have either 

stabilized or returned to pretreatment levels 
e Decrease total daily dose. 
* Discontinue amrinone if, in the clinical judgment of the physician, risk exceeds the 
potential benefit 
Gastrointestinal side effects: While gastrointestinal side effects were seen infrequently 
with IV therapy, should severe or debilitating ones occur, the physician may wish to 
reduce dosage or discontinue the drug based on the usual benefit-to risk 
considerations. 
Hepatic toxicity: In clinical experience to date with IV administration. hepatotoxicity has 
rarely been observed. If acute marked alterations in liver enzymes occur together with 
clinical symptoms, suggesting an idiosyncratic hypersensitivity reaction, amrinone 
therapy should be promptly discontinued 

If less than marked enzyme alterations occur without clinical symptoms. these 
nonspecific changes should be evaluated on an individual basis The clinician may 
wish to continue amrinone and reduce the dosage or discontinue the drug based on 
the usual benefit-to-risk considerations 
HOW SUPPLIED Ampuls of 20 mL sterile, clear yellow solution containing INOCOR 
5 mg/mL, box of 5 (NDC 0024-0888-20). Each 1 mL contains INOCOR lactate 
equivalent to 5-mg base and 0.25 mg sodium metabisulfite in water for injection 
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LAD proximal 9 
i LAD distal 1 
LAD +R 4 
LAD + LC 1 
LAD +R+LC 2 
R+LC 0 
R 0 
LC 0 
CAG (75% > >25%) 0 
Normal 1 
Septal Q wave (mm 
Rest (late imaging) 1.50 + 1.0 
0.56 + 0.7 
p «0.01 
Septal defect (Ex) 17 (9496) 
Anterior septum 12 
Inferior septum 2 
ixed 3 
Defect area (96) 
Ех ктори. + 50) 35 т 2 
eperfusion 
p «0.001 
OMI/Angina - 7/10 
ST doni рет Д (Vs) 15 
ST elevation. (№5) _ | 3 


CAG = 


Mt h chest pain syndrome. Table I lists the coronary 
al findings. Of the 18 patients i in group A, 17 had LAD 


1 edil infarction and 14 with angina pectoris, and 9 of 

а d significant LAD narrowing. Group C consisted of 
jer ents, 20 with old myocardial infarction and 6 with an- 
3 oti s. Twenty-three of the patients in group C showed 

ir at LAD narrowing. 

_ Cardiac catheterization: Cardiac catheterization was 
 performe nec | by either the Sones or Judkins technique. Contrast 
ngiography was performed in multiple projections with 

1 films taken at 60 frames/s with a Philips 6-inch image 
fier. The angiographic data were analyzed by more than 
g raphers. Coronary arterial narrowing greater than 75% 
te r reduction was considered to be significant. 

е > emission computed tomography: All patients 
n n Y Bal graded exercise on a bicycle ergometer (Monark) 
W y Уч 2 5-W increments every 3 minutes. Electrocardiographic 
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согопагу angiography; Ex = exercise; LAD = 
artery; NS = not significant. ОМ! = old myocardial infarction. 
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17 26 
3 9 
5 1 
1 8 
0 1 
0 4 
2 0 
2 2 
4 1 
6 0 

25 15 

0.64 + 0.68 0 
1.39 + 1.07 0 

p <0.001 NS 
5 (10%) 21 (51%) 
5 15 
0 4 
0 2 

23 + 9 52 + 19 
618 32 + 24 
p «0.02 p «0.01 
9/14 20/6 

37 25 
0 1 


left anterior descending artery; LC — left circumflex 


leads I, II, III, aVR, aVL, aVF, V2 and Vs were recorded before 
exercise and at the end of exercise, and leads aVF, V; and У; 
were monitored during exercise. The exercise was terminated 
when chest pain, leg fatigue or ischemic ST change occurred, 
or when the heart rate reached 8596 of the predicted maximal 
value. Two millicuries of thallium-201 was injected intrave- 
nously 1 minute before the end of exercise. Thallium-201 
scintigraphy was performed with SPECT about 5 minutes 
later. The SPECT acquisition was performed with a rotating 
gamma camera (General Electric Maxi 400T) interfaced to 
a digital computer (Digital Equipment Corporation PDP 
11/60). The camera was rotated from a 135? left posterior 
oblique position to a 45? right anterior oblique position of the 
patient, collecting 32 views over 180? containing 100 to 150 
kilocounts. The total acquisition time was 11 minutes. Two 
hours after exercise, the late phase image was reconstructed. 

А body surface marker was used and nearly the same position 
of image was acceptable. Transaxial tomograms were recon- 


FIGURE 1. Relation of transaxial and 
frontal slice in single-photon emission 
computed tomography with interven- 
4 tricular septum (IVS) (right), and actual 
ESA identification of septum (sep) by both 
i slices by single-photon emission 
\ N computed tomography (left). Despite 
x anteroseptal defect in this patient, 
Em. septal area is easily detected by de- 
creasing cutoff level (20%). 
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filter using a convolution reconstruction at- | 


displaved perpendicular to the long axis of the left ventricle. 
Frontal and sagittal tomograms were reorganized from a series 
of transaxial tomograms, corresponding to transverse and 
longitudinal sections of the cardiac axis. 

Septal Ө wave: The septal Q waves were measured only in 
lead Vs, in the period immediately after exercise with the 
patient gitting on the bicycle. The septal Q wave amplitude 
was measured from the isoelectric line for 5 beats. The average 
amplitude was approximated to the nearest 0.5-mm incre- 
ment. All patients with coronary artery disease were reex- 
amined with treadmill exercise testing, and changes of Q waves 
were reevaluated with the same monitor leads. 

Identification and semiquantification of the septum 
(Fig. 1): The contour of the septum was outlined on transaxial 
scintigrams with a 20° cutoff level, and the posterior edge of 
the septum was identified. The anterior edge was identified 
by its junction with the right ventricle as well. The septum was 
divided approximately into an anterior portion situated near 
the anterior wall and an inferior portion near the inferopos- 
terior wall. In some cases the defect iavolved both anterior and 
inferior portions of the septum. The 'rontal plane was also 
used to define the septum and to show whether the septal 
defect was anterior. inferior or mixed. After defining the an- 
terior and posterior edge of the septum., whole septal area (A) 
and perfusion defects (B) were calculated by planimetry on 
the same image in display image witha 10% cutoff level. These 
procedures were repeated in each (ransaxial slice in which the 
septum was demonstrated with a reference of frontal images. 
The septal defect was then expressed as a percentage of the 
total septal area |(Al + AZ 4 Anj-( BL + В2+ +Bn)|/(Al + 
A24 +An) X 100 where n represents the number of slices. 
Percent of the septal defect was ci mpared between exercise 
and late image. 

Statistical analysis was done by unpaired t test and chi- 
square test. Results were expressed as mean + standard 
deviation. 


Results (Table |, Fig. 2) 


Group А: Septal Q waves were 1.50 + 1.01 mm at rest 
and decreased to 0.56 + 0.73 mm during exercise (p 
<0.01). Of 18 patients in group A, 17 patients with LAD 
disease showed septal perfusion defects on thallium 
scintigraphy. Twelve patients had anterior perfusion 






FIGURE 2. Defective area of septum just after exercise (Ex) and 
on late imaging (late) in patients with detective defect (group A: 
left, group B: middle, group C: right), NS = not significant. 





ж. S During Exercise in Patients with Single-Vessel 
Left Anterior Descending Artery Disease 




















Group À Group B Group C 
Exercise 10 of 10 1 of 8 8 of 10 
Late imaging ! of 10 0 of 8 6 of 10 
p value p «0.01 NS NS 





NS = not significant. 


defects of the septum, 2 had inferior and 3 had com- 
bined defects. The percent of the total septal area 
showing a defect was 62 + 19% during exercise and 12 
+ 9% on late imaging (p «0.001. 

Group B: Septal Q waves were 0.64 + 0.65 mm at rest 
and increased to 1.39 + 1.07 (p 0.001) during exercise 
(no change in L-1 patients, appearance of Q waves in 16 
and increased Q wave amplitude in 153). Among 48 pa- 
tients in group В. only 5 patients showed a septal per- 
fusion defect during exercise, all of whom showed an- 
terior perfusion defects. The defect size was 23 + 9% 
during exercise and 6 + 8% on late imaging (p <0.02), 
significantly ditferent from group А. 

Group C: No septal Q waves appeared during exer- 
cise or at rest. Of 41 patients in group C, 21 patients 
showed perfusion defects of the septum, 15 anterior, 4 
inferior and > mixed-tvpe defects. The detect size was 
52 + 1996 during exercise and 32 + 24^» on late imaging 
(p <0.01). Although the defect size on exercise was not 
significantly different from that in group A, detect size 
on late image in group C was significantly larger than 
in group A (p <0.01). 

ST change: were present in lead V- on exercise in all 
patients in group A, 77% of patients in group В and 63% 
of patients in zroup С. 

In patients with only LAD narrowing, exercise and 
rest perfusion defects were compared (Table 1). In 
group À, all patients had perfusion detects in more than 
30% of the total septal area during exercise, which de- 
creased to 10 0 on late imaging (p <0.01). In group В. 
only 13% had septal perfusion defects in more than 30% 
of the total septal area during exercise and none did 











I TABLE m Perfusion D Defect and Septal Q Wave in Leads |, 











Y aVL and Vs 

А { Perfusion Defect (+) 
"e Leads ПИ тт" 
етеу No. Late 
b Ta aVL Vs of Pts Ex Imaging 
= - - 15 8 7 
"QNA QS He 9 8 8 
ie + x 8 2 2 
= Others _ 9 3 3 

` Total 41 21 20 
l T Ex = exercise; + = present; — = absent. 


“later (difference not significant). In group C, both ex- 
_ ercise and late images showed a high percentage of 
` septal defects (difference not significant). 
The correlation of septal defects and absence of septal 
| Q waves in leads І, aVL and V; is listed in Table III. 
ie with no Q waves in leads I, aVL and V5 were 
| 87796 of those who showed Q waves in lead V5. Seventy- 
f eight percent of the patients (32 of 41) without Q waves 
in lead У; also had no Q wave in lead I, and they were 
. 86% (18 of 21) of the patients with septal perfusion de- 
` fects during exercise and 85% (17 of 20) with septal 
| perfusion defects at rest. 

Case presentations: Case 1 (Fig. 3): Case 1 (group 
A) had an old anterior myocardial infarction with an- 
gina pectoris. Coronary angiography showed narrowing 
| of the LAD and right coronary arteries. SPECT re- 

3 _ vealed a septal perfusion defect on exercise with re- 
ression of the Q wave in lead V5. The defect was rep- 
j COME on late imaging. 

Case 2 (Fig. 4): This is a representative patient of 
group B with angina pectoris who had distal LAD nar- 
_ rowing on coronary angiography. The septal Q wave in 

| lead У; increased during exercise and SPECT showed 
_ an anterior perfusion defect, but no septal perfusion 
: defect was detected. 
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г FIGURE 3. Case 1. Representation in group A (see text). Ех = exercise 
image; Rep = late reperfusion image. 
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Discussion 


Burch and DePasquale! showed by electrocardiog- 
raphy that there is an 80% possibility that septal fibrosis 
is present in patients with total absence of Q waves in 
leads I, aVL, V5 and Vg. When fibrosis is present, the 
septal muscle is replaced by electrically inactive fibrous 
tissue, and early activation of the septum cannot take 
place.! In group C in our study, 56% of patients had 
LAD narrowing and 81% of these patients had a septal 
perfusion defect that persisted for at least 2 hours. Thus, 
a close relation was considered to exist between septal 
fibrosis and absence of septal Q waves, although pa- 
tients with no Q waves in leads I, aVL and V5 were only 
87% of those with Q waves in lead V5. Progression of 
septal Q waves in normal patients during exercise were 
reported by Bruce et al? and Wolthuis et al.9 Wolthuis 
reported that the average Q amplitude in leads CC;, Yh, 
CMs and V; were —0.1 mV during pretest conditions, 
decreased by 0.15 mV as exercise progressed a heart 
rate of 180 beats/min, and quickly returned to pretest 
levels during supine recovery. What, then, is the effect 
of transient ischemia of the septum? In 1981 and 1983, 
2 studies were published describing septal Q waves 
during exercise.?? They reported that only patients with 
LAD narrowing showed decreased Q-wave amplitude 
during treadmill exercise; they suggested that low Q- 
wave amplitude and its failure to increase (in lead CM5) 
after exercise imply abnormal septal activation, re- 
flecting loss of contraction associated with ischemia due 
to LAD narrowing. However, they did not show direct 
evidence of ischemia of the septum. Bruce et al? stated 
that it is not known whether changes of Q waves indicate 
altered cardiac position, myocardial tension induced by 
greater diastolic filling of the ventricles in the presence 
of a high output state, or other factors. However, our 
results appear to show a direct relation to septal per- 
fusion. Ischemia of the septum was evaluated by echo- 
cardiography by Mason et al.* They reported that sys- 
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FIGURE 4. Case 2. Representation in group B (see text). Ex = exercise 
image; Rep = late reperfusion image. 
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isstenotic Coronary Pressure Gradient 
During Diagnostic Catheterization 


RICHARD ABBEN, MD, PETER L. FRIEDMAN, MD, PhD, 
MD, WILLIAM H. BARRY, MD, and DAVID C. LEVIN, MD 






and degassed saline solution and attached to a 
low-volume displacement transducer for optimal 
frequency response. Mean transstenotic pressure 
gradients greater than 10 mm Hg at rest or more 
than 20 mm Hg under conditions of high coronary 
blood flow, as induced by Renografin 76, appeared 
to be associated with objective evidence of myo- 
cardial ischemia and symptomatic relief from PTCA. 
Smaller pressure gradients occurred in patients 
whose symptoms probably were not ischemic 
in nature. Transstenotic pressure gradient deter- 
mination performed at the time of diagnostic 
catheterization may provide assistance in clinical 
decision-making in selected patients with angio- 
graphically moderate stenoses. 


(Am J Cardiol 1985; 55:910-914) 


Thus, in the evaluation of the significance of angio- 
graphically moderate coronary stenoses, physiologic 
assessment would be of great value. We recently de- 
veloped a technique for measuring phasic transstenotic 
coronary pressure gradients at the time of routine di- 
agnostic catheterization.! The method uses a 9.0Fr 
polyvinyl chloride catheter with a higly radiopaque tip 
with a frequency response adequate to record phasic 
pressures. The present study evaluates this method as 
a guide to therapy in a population of patients with 
moderate coronary stenoses who were being considered 


for PTCA. 
Methods 


Catheter design: Measurements of mean and phasic 
transstenotic pressure gradients were determined with a 2.0Fr 
fluid-filled catheter-transducer system which has been de- 
scribed in detail." In brief, the catheter (Ganz-Edwards 
coronary infusion catheter, American Edwards Co.) is made 
of polyvinyl chloride. It is 135 cm long, the distal 20 cm of 
which is reduced to 2.0Fr size with an 8-mm radiopaque 
marker at the tip to enhance visibility. To obtain optimal 
frequency response, the catheter is flushed with carbon 


dioxide and filled with degassed, heparinized saline solution 
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mary lesions were felt to be insignificant 
iaining 8 patients had smaller transstenotic 
pressure gradients, ranging from 0 to 6 mm Hg 
1) at rest and from 0 to 21 mm Hg (mean 10 
3) ; injection of Renografin 76 (Fig. 1). These 
tients were not treated by PTCA. Two of the 8 were 
mptomatic, but had undergone catheterizations 6 
hs after a successful PTCA because of mildly ab- 

‘mal exercise tolerance tests. Repeat PTCA was not 
formed because of the absence of significant 
otic pressure gradients, and both patients have 

1 asymptomatic during an additional follow-up 















d 10 months. Five others had somewhat atypical 
as judged by history, exercise testing or poor 
? to antianginal drugs. Among these 5 patients, 
subsequently found to have severe esophageal 
One patient with typical angina had no pressure 
t across a moderate proximal right coronary 
stenosis. His angina was thus undoubtedly the 
of a subtotally occluded marginal branch of the 
пех artery. For these 8 cases not treated by 
of whom 6 had refractory chest pain, measure- 
f the transstenotic pressure gradients proved 
1 by obviating the need for invasive therapy. 

› illustrative cases are presented. 

1: F.S., a 52-year-old man, had persistent chest 
month after coronary artery bypass grafting of 
anterior descending artery. Cardiac catheteriza- 
owed occlusion of the graft and a 60% left anterior 
ending artery stenosis also involving a small diag- 
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onal branch (Fig. 2A). The left anterior descending ar- 

tery stenosis appeared to be of borderline severity; the 
transstenotic pressure gradient was found to be 11 mm 
Hg at rest and increased to 23 mm Hg with injection of 
Renografin 76 (Fig. 2B). After successful PTCA, the 
patient’s symptoms markedly improved. 

Case 2: Patient H.S., a 61-year-old man, sustained 
an extensive anterior myocardial infarction 4 months 
before admission. His subsequent course was compli- 
cated by a disabling chest pain syndrome refractory to 
nitrates and calcium-channel antagonists. Thallium-201 
exercise tolerance test confirmed the anterior infarct 
but showed no other definite region of reversible 
ischemia. Coronary arteriography showed proximal 
occlusion of the left anterior descending artery and a 
60% right coronary artery stenosis of uncertain hemo- 
dynamic significance (Fig. 3A and B). The transstenotic 
pressure gradient was only 6 mm Hg at rest and 12 mm 
Hg after injection of Renografin 76 (Fig. 3C). Given the 
relatively small pressure gradient and the absence of a 
thallium-201 perfusion defect in the distribution of the 
right coronary artery, neither PTCA nor surgery was not 
performed. 

Studies in patients with angiographically severe 
coronary stenoses: Seventeen transstenotic coronary 
pressure gradients were measured across severe stenoses 
(more than 75% diameter narrowing). The pressure 
gradients of these severe stenoses are shown for com- 
parison with those of moderate stenoses in Figure 4. The 
gradients ranged from 0 to 68 mm Hg (mean 36 + 6) at 
rest (n — 17). After Renografin 76 injection, the gradi- 
ents ranged from 22 to 60 mm Hg (mean 47 + 4) (n = 
14). The only patient with no appreciable pressure 
gradient at rest had an 80% left anterior descending 
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піса! апа Laboratory Characteristics in 








-Patients Studied 
Previous AMI, Angina, No 
LV Aneurysm No Aneurysm Previous AMI 
(n = 41) (п = 46) (п = 52) 

Age 53 + 11 5249 56 + 8* 
Sex 

M 37 43 40 

F 4 3 12* 
Vessels 

1 3 6 10 

2 9 12 9 

3 29 28 33 
QRS 90 + 11 914 12 88 + 11 


* p <0.05 compared with previous AMI. 
AMI = acute myocardial infarction; LV = left ventricular. 


in milliseconds. The QT was corrected for heart rate (QTI) 
according to previously published linear regression data (QTI 
= Q'T + 2.0 heart rate for men and QTI = QT + 1.8 heart rate 
for women). The normal range of QTI was hence considered 
to be in the 2 standard deviation range (Table I).!^ The QS; 
was also corrected for heart rate (951) according to previously 
published linear regression data (QSoI = QS» + 2.1 heart rate 
for men and 951 = QS» + 2.0 heart rate for women). Thus, 
the normal range of 951 was considered to be in the 2 stan- 
dard deviation range (Table I).!6!7 

Patients with left bundle branch block, significant left in- 
traventricular conduction defect (QRS >100 ms), therapy with 
antiarrhythmic drugs, recent AMI (within 1 month), or un- 
stable angina were excluded before entry into the study. Pa- 
tients treated with 8-blocking drugs were not excluded from 
the study. Statistical evaluation was performed using the 
Student ¢ test, analysis of variance and chi-square analysis: 


Results 


Clinical characteristics and laboratory descriptors 
among the 3 subgroups are shown in Table II. Patients 
with angina were slightly older than those with previous 
AMI (p <0.05), but mean age was not different for pa- 
tients with previous AMI without aneurysm compared 
to those with previous AMI with aneurysm, and patients 
with angina compared to those with aneurysm. A higher 
percentage of women had angina than previous AMI, 
but no difference was present between patients with 
AMI and LV aneurysm. No significant difference ex- 
isted in the extent of disease among the 3 subgroups. 

The distribution of QTI, QS;I and QT-QS» among the 
3 groups is shown in Figure 2. QTI prolongation and QT 
2QS» were more common in patients with LV aneu- 
rysm, while the incidence of 9551 abbreviation was not 
statistically different among the 3 groups. 

The incidence of QT »QS», QTI prolongation and 
9551 abbreviation are shown in Table III. The incidence 
of QT >QS2 was 71% among patients with LV aneu- 
rysm, 22% among patients with previous AMI without 
LV aneurysm and 20% among patients with CAD 
without previous AMI or LV aneurysm. Thus QT >95 
was more often seen in patients with LV aneurysm than 
in patients with previous AMI or CAD without previous 
AMI (p «0.0001). The incidence of QT »QS» was not 
statistically different between patients with previous 
AMI without aneurysm and those with CAD without 


previous AMI. The incidence of QTI prolongation was 
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-. larization and repolarization. Prolongation of the ven- 


tricular action potential duration may also be present 
in areas of infarction.9-!! These observations are man- 
ifest on the surface electrocardiogram as prolongation 
of electrical systole (QT) and QT »QS;. Prolongation 
of QT »QS» suggests that electrical activity persists 
after the termination of mechanical LV activity, or at 
least closure of the aortic valve. Thus, in patients with 
LV aneurysm, histologic and electrophysiologic findings 
could explain the QT prolongation, the QT >95 and 
the high incidence of ventricular arrhythmias. 

Other factors potentially important in QT prolon- 
gation are acute ischemia or antiarrhythmic drugs. 
However, patients with unstable angina and recent 
AMI, or patients receiving antiarrhythmic drugs were 
excluded from the study. 

Prolongation of the QRS duration due to left intra- 
ventricular conduction defect may result in QT pro- 
longation. In the present study, however, patients with 
left bundle branch block or QRS prolongation secon- 
dary to intraventricular conduction defect (QRS »100 
ms) were excluded before entry into the study. In ad- 
dition, the duration of QRS was not statistically dif- 
ferent among the three groups. Moreover, QRS pro- 
longation may explain QT prolongation per se but not 
the QT >95». An increase in the QT interval normal- 
ized for QS; yields a more direct expression of prolon- 
gation of the repolarization phase of electrical systole 
than can be derived from determinations of the QT in- 
terval corrected for heart rate.! In calculating the dif- 
ference between the durations of the QT and QS» in- 
tervals in the same beat, the duration of the QRS 
interval, a constant in both measures, is subtracted. In 
correcting the duration of QT interval relative to heart 
rate, the QRS interval is included and contributes in- 
dependently to the duration of the corrected or nor- 
malized QT interval. Thus, assessment for the presence 
of a prolonged repolarization phase by normalization 
for heart rate is limited by the inclusion of the duration 
of the depolarization interval in the calculation. 

The incidence of QT » QS» and QTI prolongation was 
slightly but insignificantly greater in patients with an- 
terior compared to posterior LV aneurysm. The inci- 
dence of QT >95 and QTI prolongation was signifi- 
cantly greater in patients with anterior LV aneurysm 
compared to patients with anterior AMI and in patients 
with inferior LV aneurysm when compared to patients 
with inferior LV infarction. Thus, the location of the 
AMI per se does not explain the higher incidence of 
QT >QSz and QT prolongation in patients with LV 
aneurysm. 

Several equations have been proposed for correction 
of QT interval based on changes in the cardiac cycle 
length (RR). Bazett!? and Fenn!? proposed that the QT 
= К (RR)!/2, where К is constant. Fridericia2° showed 
that QT varies according to the equation QT = К 
(RR)!^, where К is constant. Shipley and Hallaran?! 
suggested that (RR)! is better for slower heart rates 
and (RR)! is better for faster heart rates. Ashman? 
proposed that the data more exactly fit a logarithmic 
relation. Lepeschkin?? analyzing approximately 6,000 





о\ reement exists among all the 


formulas when the heart rate range is narrow (between | 


` 60 and 80 beats/min); however, at higher or lower heart 
rates, considerable deviation is seen. Recently we have 
demonstrated that over the range of heart rates at rest 
in patients with no evidence of heart disease, a linear 
relation exists between the QT interval and heart rate.!? 
In addition, it has been shown that the QT interval is 
slightly shorter but parallels the 992.181 Further 
analysis of our data demonstrated a lesser variance 
about the regression equation throughout the entire 
range of heart rate, including slow and fast heart rates. 
Thus, the linear regression has been chosen to correct 
the QT for changes in heart rate.!? 

Prolongation of the QT interval as defined by its 
relation to the QS» interval could also be caused by 
abbreviation in the QS» interval alone. Such a selective 
shortening of the QS» relative to QT has in fact been 
observed during adrenergic stimulation of the heart and 
in patients with high adrenergic activity, an effect that 
is blocked by propranolol.1224-?6 QS» shortening is also 
produced by digitalis.” This potential problem was 
alleviated by analyzing patients receiving digitalis 
separately. The presence of QT >95 among patients 
with LV aneurysm in this study was related to both the 
absolute prolongation of QT and also to the coexistence 
of a relative lengthening of QT and a relative shortening 
of QS» (Fig. 1). Because increased adrenergic activity 
tends to selectively shorten the QS» interval with little 
influence on the QT, it appears that enhanced adren- 
ergic cardiostimulatory activity alone cannot explain 
the occurrence of QT >QSo. Thus, the most likely ex- 
. planation for QT >95 and QT prolongation in patients 
"with LV aneurysm is a localized intramyocardial repo- 
larization delay in the aneurysmatic or border area. This 
delay may produce both QT »QS» and QT prolonga- 
tion. The incidence of QT » QS»; was greater in patients 
with previous AMI without aneurysm who were treated 
with digitalis. In view of recent studies suggested that 
therapy with digitalis is an independent prognostic in- 
dicator in patients who have recovered from AMI, this 
finding is of considerable interest.?-?! 

Previous studies from our laboratory, in unselected 
patients who have recovered from AMI, showed that the 
presence of QT 2 QS; is a risk indicator of sudden death 
independent of the status of LV function or number of 
obstructed vessels.! The question of an increased 
incidence of ventricular arrhythmias and death in pa- 
tients with LV aneurysm and QT >95 compared to pa- 
tients with LV aneurysm and QT «QS» remains to be 
clarified. 
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оа! of this study was to determine the prog- 
С value of a normal exercise thallium-201 
1) scintigram by quantitative criteria in a 
cutive series of 349 patients with chest pain. 

up was obtained in 345 patients (9996) from 
45 months (mean 34 + 7). Of these, 6096 were 
6% had typical angina, 21% had chest pain 
Ig exercise testing, 29% were unable to 
pve 85% or more of maximal predicted heart 
and in 996 ischemic ST depression (1.0 mm or 
ter) developed during exercise. At the time of 
cise testing, 4596 of patients were taking ni- 
S and 38% were receiving a -blocking drug. 
the follow-up period, there were 5 cardiac 
| (0.51% /year), of which 2 were sudden, 6 
ts had a nonfatal myocardial infarction (MI) 
|%/уеаг). Two of the 5 patients who died and 
0 had MI had angiographically normal coronary 
ies. The event rate was significantly higher (p 
1) in patients referred for early catheterization 
53; 9% ) compared with the rate for those not 
rgoing early angiography (6 of 298; 294). 















gathered in recent years have demonstrated that 
ensitivity for detecting coronary artery disease 

in patients with chest pain is enhanced by using 
m-201 (Т1-201) exercise scintigraphy.!-!? In most 
25, the sensitivity of T]-201 exercise scintigraphy 
en found superior to exercise electrocardiography, 
‘ularly in patients with nondiagnostic stress tests 
ШЧ not achieve 85% or more of maximal pre- 
heart rate. The extent and type of perfusion ab- 
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| Prognosis with Chest Pain and Normal 
Thallium-201 Exercise Scintigrams 
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However, the event rate was similar in those who 
underwent catheterization with angiographically 
normal coronary arteries and in those who had 
significant coronary artery disease. Patients with 
chest pain and normal TI-201 scintigrams who had 
a cardiac event were not predominantly of the male 
Sex, nor did they have a higher prevalence of typical 
angina, exercise-induced ST-segment depression 
or an inability to achieve 8596 or more of maximal 
predicted heart rate normalized for age, compared 
to those who had no cardiac events. Four other 
patients (1.1%) subsequently underwent coronary 
bypass surgery. At follow-up, 3496 of patients were 
taking nitrates, 29% were receiving a 3-blocking 
drug and 54% had persistence of chest pain. 

In conclusion, patients with chest pain and normal 
TI-201 exercise scintigrams have a low cardiac death 
and nonfatal MI rate (1.196/year), which is com- 
parable to that reported for patients with chest pain 
and angiographically normal coronary arteries. 


(Am J Cardiol 1985;55:920-926) 















normalities observed during exercise or rest T1-201 
scintigraphy in patients with CAD have recently been 
shown to have prognostic significance.!!-14 In some 
studies, the severity of T1-201 perfusion abnormalities 
was more predictive than the angiographic extent of 
CAD in predicting outcome in patients with or without 
a prior myocardial infarction (МІ).1112 In these prior 
studies, only patients with known CAD were evaluated 
and all underwent coronary arteriography. We tested 
the hypothesis that patients with normal myocardial 
perfusion during exercise as assessed by quantitative 
11-201 scintigraphy should have a good prognosis even 
if CAD is demonstrated on angiography. If this hy- 
pothesis is correct, then cardiac catheterization may not 
be necessary for further risk stratification in such pa- 
tients presenting with chest pain, particularly those with 
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апа type of chest pain. Hence, this study dete 


a low pretest likelihood of disease based on age, gender _ 
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T1-201 scintigrams, most of whom did not undergo 
cardiac catheterization. By clinical and electrocardio- 
graphic classification this population had a low or in- 
termediate prevalence of CAD. If the sensitivity of 
T1-201 scintigraphy for detecting functionally signifi- 
cant CAD remains high in this patient population, then 
the frequency of cardiac events occurring after testing 
should be low. 


Methods 


Patients: All patients who underwent exercise T1-201 
scintigraphy for evaluation of chest pain over a 17-month 
period from March 1979 through July 1980, and who had 
normal T'l-201 scintigrams by quantitative criteria, were 
considered eligible for study inclusion. Patients were selected 
solely on the basis of a normal T1-201 scintigram even if CAD, 
systemic hypertension or arrhythmias were clinically recog- 
nized. Patients with a history of coronary bypass surgery, 
clinically recognized valvular heart disease and primary 
myocardial disease were excluded. Also excluded were those 
with prior stroke or orthopedic disorders precluding exercise 
testing. Of 349 patients who fulfilled our criteria, follow- 
up was obtained in 345, representing 99% of the original 
cohort. 

Rest and exercise electrocardiography: The electro- 
cardiograms (ECGs) at rest and during stress were interpreted 
by 2 of the investigators without knowledge of patient identity, 
clinical information or outcome data. Most patients exercised 
on a treadmill according to the Bruce protocol. Medications 
were not withdrawn before exercise testing. All patients ex- 
ercised to an endpoint of limiting chest pain, dyspnea, fatigue, 
lower extremity discomfort or a decrease in blood pressure of 
10 mm Hg or more below the peak value at the previous stage. 
А 12-lead ECG was recorded at rest and at 1-minute intervals 
during exercise and recovery. The exercise test was considered 
positive for ischemia if there was at least 1.0 mm of horizontal 
or downsloping ST-segment depression below the baseline at 
rest, lasting 80 ms after the J point in 3 consecutive beats. 

Thallium-201 scintigraphy: The protocol for performing 
exercise T1-201 scintigraphy was undertaken as previously 
аеѕсгіреа.!° Briefly, all patients received 1.5 to 2.0 mCi of 


FIGURE 1. Anterior and 45? left ante- 
rior oblique (LAO) thallium-201 myo- 
cardial images obtained 10 minutes 
(left-hand image of each pair) and 21/5 
hours after exercise in a patient with 
chest pain. As shown by the quantita- 
tive count profiles beneath each image, 
there is uniform uptake and normal 
washout of the radionuclide. 


PME Apri 1, 1985. 
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Т1-201 intravenously at peak exercise. Patients were en- - 22 
couraged to continue exercising for an additional 30 to 60 — 4 
seconds. At 8 to 10 minutes after injection, myocardial imaging _ 
commenced in the anterior projection, followed sequentially - ї 
by 45° left anterior oblique and 70° left anterior oblique views. 
The anterior and the 45° left anterior oblique images were E 
repeated at 1 hour and again at 2 to 3 hours after T1-201 ad- - m 
ministration. Images were recorded for a preset time of 8 — s 
minutes on a portable gamma camera using a general all- A 
purpose collimator and a 25% window centered on the 80-keV _ 
x-ray peak. Scintigraphic data were stored in a computer for i E. 
standardized image formation and quantitation of relative _ 
myocardial thallium uptake and washout according to- 
methods previously reported.!® 

Image data were interpreted by 2 observers without 
knowledge of clinical, electrocardiographic or, where perti s 
nent, angiographic data. Criteria for a normal thallium scan — 
were as follows: (1) Uniform thallium uptake in all myocardial 1 
segments on the initial postexercise images. A myocardial — E 
segment was designated as abnormal if a reduction in regional — 
thallium uptake of greater than 25% compared with the . 
maximal counts in any region was noted after interpolative - 
background subtraction.!6 An exception to this was the infe- ~ 3 | 
rior segment on the anterior view in which a decrease ord a 
greater than 35% was necessary to designate this region as _ 
showing abnormal uptake. (2) A normal washout pattern was 
characterized by a net decrease in regional counts оп the de- 
layed images. Increasing uptake of thallium, despite the ab- _ 
sence of an initial defect in any segment, was considered to _ 
represent abnormal T1-201 kinetics.!6 Lung T1-201 uptake was _ 
graded qualitatively as normal; 1/2+, in which the lungs could _ ^ 
be outlined but activity was less than myocardial activity (also E. D 
considered normal); 1+, in which lung activity was equal to ` 
cardiac activity, or 2+, in which lung activity exceeded myo- 
cardial activity. Four patients (1.1%) had 1+ lung Т1-201 
uptake and none had 2+ uptake. Figure 1 is an exampleofa 
normal exercise Tl-201 scintigram from a patient in this — - 
study. d 

Coronary angiography: Fifty-three patients, described 5 
later in this report, underwent coronary arteriography and left 
ventriculography using the Judkins or Sones technique within 
6 months of the exercise test. Angiograms were interpreted | 
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TABLET Clinical and Exercise Test Data in Patients with а 










E Normal Thallium-201 Scintigram Who Did and 

ы Did Not Undergo Coronary Angiography 

r No 

b. o Angiography Angiography 

—— Variable (n = 53) (n = 292) p Value 

F. Clinical 

— . Age (уг) 5146” 49+ 10 NS 

: Sex (male) 35 (6696) 172 (5996) NS 

— .— Typical angina 30 (57 96) 59 (2096) <0.0001 
Awe -blocker use 36 (64%) 93 (32%) <0.0001 
1 Exercise test 

8 285% MPHR 21 (4096) 220 (7596) «0.000 1 
E . ST-seg =1.0 mm 15 (28%) 17 ( 6%) «0.0001 
і .. Chest pain 16 (3096) 62 (2196) NS 


2 * Values are mean + standard deviation. 
_ MPHR = maximal e heart rate; NS = not significant; seg = 


х BL pandeuitly by 2 investigators without knowledge of patient 
identity or results of scintigraphy. The study was considered 
normal if no focal narrowings of 50% or greater diameter were 
` noted. If differences of opinion existed with reference to the 
d significance of a particular lesion, a third angiographer was 
` asked to interpret the films and the opnion of the majority 
E prevailed. 
E Follow-up procedure: All patients and their primary 
- Й physicians were contacted by mail and telephone. Standard- 
` ized questionnaires were filled out to determine pertinent 
- clinical and medication data. All patients and physicians not 
E returning the questionnaires were contacted by telephone. 
a When there was a possibility that an ischemic event had oc- 
. curred, or when a patient was hospitalized, the patient's 
E physician was contacted and asked to confirm the diagnosis 
— for each event and to provide relevant discharge summaries 
` and other objective documentation. Enzyme and electrocar- 
. diographic evidence was obtained for MI, as was a description 
ү of the cause and circumstances of all deaths. Deaths were 
` classified as noncardiac or cardiac. 
.... Nonfatal MI was defined as the occurrence of a character- 
` istic clinical history in association with conventional elec- 
_ trocardiographic criteria accompanied by a transient increase 
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£ ` FIGURE 2. Treadmill exercise test data for the 345 patients with chest 
. pain and normal thallium-201 scintigrams during exercise. Numbers 
of patients are designated at the base of each bar. Ex. — exer- 
` cise; MPHR = maximal predicted heart rate; ST} = ST-segment 
% © depression. 
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TABLE Il Cardiac Events іп the 345 Patients with Chest 
Pain and a Normal Exercise Thallium-20 1 


Scintigram 
Events Pts (n) Event Rate* 
Cardiac death 5 0.596 /year 
Nonfatal infarction 6 0.696 /year 
Coronary bypass surgery 4 0.496 /year 


* Mean follow-up of 34 + 6 months. 


and decrease of total creatine kinase (CK). If ECGs could not 
be interpreted (e.g., left bundle branch block), a transient 
increase and decrease of CK accompanied by positive isoen- 
zyme change (e.g., appearance of an MB band of CK) was 
sufficient for the diagnosis of acute MI. The criteria for MI 
were liberal to ensure that all episodes were recorded. Only 
1 event (the most severe) was tabulated for each patient. The 
physicians’ response rate to requests for information con- 
cerning confirmation of events was 100%. 

Statistical analyses: Values for demographic and clinical 
variables are expressed as mean + standard deviation. The 
Student t test was used to determine differences among means 
of independent observations. Chi-square analysis (with Yates' 
correction) was used to determine differences between 
subgroup proportions. 


Results 


Clinical data: Of 997 consecutive patients who un- 
derwent T1-201 scintigraphy during exercise or at rest, 
349 fulfilled criteria for inclusion in the study and 345 
(99%) were successfully followed up. The mean duration 
of follow-up was 34.3 + 6.6 months (range 8 to 45). The 
mean age of the group was 50 + 11 years. There were 206 
men (60%), and 89 patients (26%) related a history 
consistent with typical angina pectoris. Of these, 45 were 
men (mean age 52 years) and 44 were women (mean age 
55 years). The other 256 patients (74%) were judged to 
have atypical chest pain. “Atypical” was defined as 
chest pain unresponsive to nitroglycerin or rest or aty- 
pical for angina in terms of location, duration, quality 
and relation to exertion or emotion, or both. The mean 
duration of chest pain before exercise T1-201 stress 
testing was 20 + 44 months (range 1 to 444). There were 
105 patients (30.3%) who had an abnormal ECG at rest, 
70 of whom demonstrated nonspecific ST-segment or 
T-wave abnormalities. Sixteen patients had either 
complete right or left bundle branch block conduction 
abnormalities and 9 had pathologic Q waves (0.04 ms 
or more). Six patients had ventricular hypertrophy with 
repolarization abnormalities, 3 patients had frequent 
ventricular premature beats and 1 had preexcitation. 

The exercise test data for the 345 patients are shown 
in Figure 2. Two hundred forty-five patients (71%) 
achieved at least 85% or more of their maximal pre- 
dicted heart rate. Seventy-eight patients (21%) had 
some chest pain induced during exercise and only 32 
patients (9%) had ischemic ST-segment changes. At the 
time of the T1-201 scintigraphic test, 150 patients (45%) 
were taking nitrates and 127 patients (3896) were taking 
a B-blocking drug. 

Angiographic data: Fifty-three patients (15%) un- 
derwent cardiac catheterization within 6 months of the 
noninvasive SORA After the TI-201 stress test was 
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Follow-Up 
Cardiac Age (yr) Chest Exercise MPHR 

Pt Event & Sex Pain STi (96) CAD . 

1 D 46M T 0 80 0 

2 D 56F A 0 76 nw 

3 D 44F A * 76 + | 

4 р 40М А 0 92 + Re 

5 D 47M A + 95 Q9 

6 MI 47F A Dr. 92 о 

7 MI 70M A 0 100 — Se 

8 MI 54M T 0 87 + DM 

9* MI 48M A 0 91 t "m 

10* MI 46M A 0 100 Toi 

11 MI 77M A 0 72 — 7 
ee 


* Underwent subsequent coronary bypass surgery; not in original catheterization group since invasive study was performed more than 6 months - * : 


Lee thallium-201 scintigraphy. 
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TABLE 1 Data in 11 Patients with Normal Exercise Thallium-201 Scintigrams Who Experienced a Cardiac Event punog: 


= atypical; CAD = coronary artery disease; D = cardiac death; MI = 


performed, the decision for angiography was made in 
each instance solely by the physician attending the 
patient. Table I is a summary of the characteristics of 
these 53 patients compared with those in the 292 pa- 
tients who did not undergo angiography. Mean age and 
prevalence of men were comparable. Significantly more 
patients in the angiography group had typical angina 
and were receiving -blocking drugs (p <0.001). 

Exercise test values also differed between the 2 
groups (Table I). Significantly fewer patients in the 
angiography group achieved 85% or more of maximal 
predicted heart rate and a significantly greater per- 
centage demonstrated ischemic ST depression during 
exercise (p <0.001 for both). Prevalence of exercise- 
induced chest pain was comparable. Thus, the group 
selected for angiography by their primary physicians 
had a higher posttest probability of having CAD (based 
on symptoms, use of -blocking drugs, and exercise test 
results despite a normal exercise T1-201 scintigraphic 
study) than those patients not selected for further in- 
vasive evaluation. 

Of these 53 patients with normal T1-201 scintigrams 
selected to undergo angiography within 6 months, 22 
(41%) had significant CAD. Eleven had 1-vessel disease: 
4 with left anterior descending, 5 with right coronary 
and 2 with circumflex artery stenoses. Of the remaining 
patients, 8 had 2-vessel and 3 had 3-vessel disease. No 
patient had a 50% or greater left main coronary stenosis. 
In this catheterization group there was no significant 
difference between the 22 patients with angiographic 
CAD and the 31 patients with normal coronary arteries 
with respect to the exercise test parameters of peak 
heart rate attained (135 vs 139 beats/min), percent of 
patients reaching 85% or more of maximal predicted 
heart rate (45 vs 3596), exercise-induced chest pain (36 
vs 42%) and use of 6-blocking drugs (55 vs 71%). How- 
ever, 45% (10 of 22) of CAD patients had ischemic 
ST-segment depression, compared with 1696 (5 of 31) 
of patients who had normal coronary arteries (p «0.05). 
As will be subsequently discussed, the percentage of 
patients with cardiac events was the same in patients 
with and without significant CAD, although the total 
event rate was higher in those who underwent cathe- 
terization than in those who did not. 
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myocardial infarction; MPHR = maximal predicted heart rate; ST = st e b 
dnte depression; T = typical; + = positive; 0 = negative; — = no information available. o 


Follow-up: During the mean follow-up period of T 
+ 6 months, 8 of the 345 patients (2.3%) with normal. 
T1-201 scintigrams died, 3 from noncardiac causes. Five E 
patients (1.4%) died from cardiac causes, 2 suddenly;6 | 
patients (1.7%) had nonfatal MIs (‘Table II). The cardiac - Ex 
death rate was 0.51%/year and the nonfatal МІ rate was. E 
0.61%/year. Hence, the total cardiac event rate was _ 
1.1%/year. Four other patients (1.1%) underwent coro-  - 
nary bypass surgery during the follow-up period. Of | 
these, З were men with typical angina and 1 had exer- _ 
cise-induced ischemic ST-segment depression. E. 

Table III is a summary of the clinical data, exercise Ё E^ 
data variables and, when pertinent, the angiographic — - 
or autopsy data in these 11 event patients. Three ofthe 
patients (nos. 8 to 10) who had a nonfatal MI underwent 
angiography 6 months or later after the Tl-201 study | 
during exercise. They were not in the original group of 
patients who underwent catheterization, described in __ 
Table I. All 3 were found to have CAD and subsequently — - 
underwent coronary bypass surgery. * 

Of the 5 patients with a presumed cardiac death, 3 — . 
were men and only 1 had typical angina. The peak heart · E. 
rate achieved during the exercise test averaged 84% _ 
(range 76 to 95) of maximal predicted heart rate for the 
group, indicating overall good exercise tolerance. Two _ К 
of the patients who died had exercise-induced ST de- 
pression, 1 of whom was in the group of patients who 3 
initially underwent catheterization and was found to _ 
have had a cardiomyopathy with normal coronary ar- 1 
teries. This patient with cardiomyopathy had a global aa 
left ventricular ejection fraction of 46% with diffuse 
hypokinesia on ventriculography. The diagnosis of — . 
cardiomyopathy had not been made before catheter- 
ization. Another 1 of the 5 patients witha cardiac death — | 
had angiographically normal coronary arteries. Two . . 
patients who died had multivessel CAD, determined by . 
cardiac catheterization іп 1 and at autopsy in the other. . 
One patient in this group did not undergo cardi- __ 
ac catheterization or have an autopsy. None of the pa- _ y | 
tients with a cardiac event had abnormal T1-201 lung | | 
uptake. 

In the 6 patients who had a nonfatal MI, 4 had 
transmural and 2 had nontransmural MIs as deter- - „зд 
mined mercredi Сз ашау, Five of the 6 pne E 
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P TABLE IV Incidence of Cardiac Events Based on Gender, 
i Type of Chest Pain and Exercise Test Variables 
E No. of Event 

e No. of Pts with Rate 

р Pts Events (906) p Value 
_ Men 206 8 38... Ne 
—.. Women 139 3 2.1 

. Typical angina 89 2 2.3 NS 

— Atypical chest pain 256 9 3.5 

— Exercise St, (2 1.0 mm) 32 2 6.2 NS 
. No exercise ST} 313 9 2.9 

|». «8596 MPHR during exercise 100 4 4.0 NS 
Ee 285% MPHR during exercise 245 7 2.8 

E Е MPHR = maximal predicted heart rate adjusted for аде; NS = not 
. significant (1 >0.05); ST, = ST-segment depression. 
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had atypical chest pain. The peak exercise heart rate 
averaged 90% (range 72 to 100%) of maximal predicted 
` heart rate, and none had ischemic ST depression ob- 
served during stress testing. One of these patients had 
` a complete left bundle branch block precluding inter- 
pretation of exercise electrocardiographic changes. Two 
` of the 6 patients with MI were in the early catheteriza- 
tion group; 1 had normal coronary arteries and the other 
` had 2-vessel CAD. In some patients (nos. 1 and 6, Table 
` Ш) there appeared to be factors leading to apparent 


cardiac events that could not be identified even by the 


¬ combination of exercise testing, T1-201 scintigraphy and 
` coronary angiography. 


Table IV shows the incidence of cardiac events based 


оп gender, type of chest pain and exercise test variables. 
.. Of the 206 men in the study cohort, 8 (3.8%) had an 
event, whereas 3 of the 139 (2.1%) women had an event 


` (difference not significant [NS]). Only 2 of the 89 pa- 
. tients (2.3%) with typical angina had an event, com- 


pared with 9 of 256 patients (3.5%) with atypical chest 
pain who had an event (NS). Two of the 32 patients 
(6.2%) with exercise-induced ST depression had an 
event, compared with 9 of 313 patients (2.9%) without 


` ST depression who had an event (NS). Of the 100 pa- 


tients who could not achieve 8596 or more of the maxi- 
mal predicted heart rate during symptom-limited ex- 
ercise testing, 4 (4.0%) had an event, whereas 7 (2.8%) 


` ofthe 245 patients achieved 85% or greater of maximal 
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predicted heart rate. Thus, patients with normal T1-201 
scintigrams during exercise who had cardiac death or 
nonfatal infarctions could not be distinguished from 
patients who were free of these events with respect to 


` certain variables usually associated with a higher 


prevalence of cardiac morbidity or mortality. However, 
the cumulative cardiac event rate at a mean follow-up 


` of 34 months was 9.4% (5 of 53) in patients who under- 


went catheterization and 2.096 (6 of 298) in patients who 
did not undergo early catheterization. The cardiac event 
rate was identical in patients with and without CAD in 
the 53 patients who underwent early (within 6 months) 
catheterization. Three of the 31 patients (9.7%) with 
angiographic normal coronary arteries and 2 of the 22 
patients (9.1%) with CAD had a subsequent event. 
Excluding the 6 patients who had a nonfatal MI, an- 
other 68 (20%) were hospitalized for chest pain during 


_ the follow-up period. Of the 345 patients in the study, 





191 (55%) admitted to persistent chest pain at follow-up, 
117 (34%) were taking nitroglycerin or a long-acting 
nitrate preparation and 101 (29%) were receiving a 
6-blocking drug. 


Discussion 


In this cohort of 345 patients with chest pain and 
normal thallium-201 exercise scintigrams, the cardiac 
mortality rate was 0.5%/year and the nonfatal infarction 
rate was 0.6%/year. For comparison, the annualized 
mortality and nonfatal infarction rates were 0.3% and 
0.7%, respectively, in 6 prior studies!7-?? with a mini- 
mum of 2,000 patient-months of follow-up, comprising 
1,146 patients with chest pain and angiographically 
normal or near normal coronary arteries. In other 
studies??-?6 with fewer patient-months of follow-up the 
cardiac event rates for patients with angiographically 
insignificant CAD or normal coronary arteries ranged 
from 0 to 0.6%/year. 

Although the cardiac death and infarction rates in 
this group of 345 patients with normal T1-201 perfusion 
scans were comparable to those observed in similar 
populations with normal coronary angiograms, our co- 
hort included patients with anatomically significant 
CAD. Fifty-three patients (15%) were referred for early 
coronary angiography and 22 of these (41%) had sig- 
nificant (5096 or greater stenosis) angiographic CAD. In 
this subgroup of patients who underwent catheteriza- 
tion, there was a higher prevalence of typical angina, 
greater use of -blocking drugs, a lower exercise toler- 
ance, and a greater prevalence of exercise-induced chest 
pain and ischemic ST-segment depression compared 
with the 292 patients not referred for early invasive 
study. The 4096 prevalence of CAD in this subgroup 
could be expected from Bayesian analysis based on 
these clinical and stress test variables.?? Thus, it was not 
surprising that a higher percentage of those who did 
than those who did not undergo catheterization had 
events, because the patients referred for the invasive 
evaluation had a higher probability of CAD despite a 
normal T1-201 study. However, the low rate of revas- 
cularization surgery (1.1%) is consistent with the finding 
that few had extensive disease. 

Results of recent studies have indicated a better 
prognosis in patients with CAD and “low risk" T1-201 
scintigrams. Brown et al!! reported a 3% cardiac death 
or MI rate in patients without previous MI who had no 
T1-201 redistribution on exercise scintigraphy, com- 
pared with 33% in those with 3 or more redistribution 
defects. We reported a 2% cardiac mortality rate (at 
mean 15-month follow-up) in post-MI patients who had 
either a normal thallium-201 scintigram or a single 
persistent defect and normal lung T1-201 uptake on 
predischarge exercise scintigraphy. !? 

From previously reported data, one might have ex- 
pected that cardiac events would have occurred pre- 
dominantly in patients in the higher range of CAD 
probability based on clinical and exercise test vari- 
ables.252? In this study, patients with lower and higher 
probabilities of CAD had similar event rates. T'he event 
rate was similar in men and women. Patients with ex- 
ercise-induced ST depression and a normal T1-201 scan 
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did not have a higher cardiac event rate than patients 
with a normal or nondiagnostic ST response. In fact, in 
the subgroup with a normal T1-201 scan referred for 
cardiac catheterization, almost one-half of patients with 
ST depression had angiographically normal coronary 
arteries. Thus, many of the patients with ST depression 
had false-positive responses. The predictive value of 
ST-segment depression for CAD detection, without 
regard to other variables, is poor when the prevalence 
of CAD in the population tested is low.?? Exercise Tl- 
201 scintigraphy appears useful in distinguishing be- 
tween true- and false-positive ST-segment responses 
to exercise.?L?? Patients with ST depression and normal 
T1-201 scintigrams usually have angiographically nor- 
mal coronary arteries.?? 

Of the 100 patients who did not achieve 85% or more 
of maximal predicted heart rate during symptom-lim- 
ited exercise testing, 4 (490) had an event that was not 
significantly higher than the 396 event rate in the re- 
maining 245 patients who achieved 85% or greater of 
maximal predicted heart rate during the test. Failure 
to achieve the target heart rate adjusted for age during 
stress testing has been reported to be more prevalent 
in patients who are subsequently shown to have CAD.3? 
Also, the cardiac event rate is reported to be higher in 
patients with atypical chest pain whose maximal heart 
rate was less than 145 beats/min.*4 In the present study 
the event rate was similar in patients who did or did not 
achieve the predicted heart rates. Finally, the presence 
of typical anginal chest pain did not distinguish patients 
who did from those who did not experience a cardiac 
event. In fact, just 2 of the 11 patients with an event had 
typical angina. 

Thus, patients with chest pain and normal thallium 
scans who died or experienced a nonfatal infarction were 
not predominantly of the male sex, and did not have a 
higher prevalence of typical angina, ischemic ST-seg- 
ment depression during exercise testing, or an inability 
to achieve at least 85% of maximal predicted heart rate 
normalized for age. Also, in those who underwent early 
catheterization the event rate was comparable in pa- 
tients with angiographic normal coronary arteries and 
patients with significant coronary stenoses. In retro- 
spect, these findings could probably be anticipated, 
since patients with typical manifestations of myocardial 
ischemia or severe symptoms of angina pectoris were 
mostly recognized and excluded because of a positive 
T1-201 scintigram, or underwent catheterization and 
were treated more aggressively even if their T1-201 tests 
were normal. One should not draw the conclusion that 
exercise tolerance, ST-segment response to exercise, or 
anginal patterns are unrelated to prognosis in a general 
unselected population of patients with known or sus- 
pected CAD. 

Our finding of a high percentage of patients still ex- 
periencing persistent chest pain and still receiving 
antianginal drugs at follow-up is also similar to the re- 
sults of prior follow-up studies of patients with chest 
pain and angiographically normal coronary arteries or 
insignificant CAD. In the present study, 5596 of the 345 
patients admitted to persistence of chest pain. Data 
compiled from 6 previously reported series of patients 
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with normal or near normal coronary arteriograms re- — - 
vealed that only 30% were pain free at follow- 4 

up.19,21,22,24-26 [n 10 series1",19,20,22-26,35 of patients with — 
chest pain and normal coronary arteries including well | 
over 1,000 patients, 44% had similar or worsening of - 
chest pain at follow-up. This percentage is comparable - 
to that reported i in the present study of patients with - 
chest pain and normal T1-201 scintigrams. Similarly, the | eg 
continued use of nitrates and §-blocking drugs was - 3 
substantial in the present study. At the time offollow- _ 
up, one-third of the patients were still taking a nitrate 
preparation or nitroglycerin and 2946 were receiving a d 
6- blocking drug. Continued nitrate and 8- poc 
usage in angiographic series of patients with normal — ^] 
coronary arteries and chest pain averaged 38901722 2265 
and 29%,1722,25,26 respectively. 

'The 20% rehospitalization rate for chest pain in thes | 
present study was also comparable to the rehospitali- — 
zation rate (14%) in angiographically normal pa- H p. 
йпепіѕ.1718,20,22,24,25,35 Most patients were probably "9 
continuing to experience chest pain of noncardiac origin, —— 
since so few cardiac events occurred in these patients. — . 
Bass et al? found that most patients who continueto — 
complain of chest pain after normal coronary angio- — E. 
graphic responses have high levels of psychiatric mor-  — 
bidity and elevated “neuroticism scores.’ a 

We conclude that normal exercise thallium findings __ 
by quantitative criteria should provide adequate reas- | 
surance for most patients who are referred for evalua- _ 
tion of chest pain. This reassurance is not based onthe - 
exclusion of CAD but rather on the findings of a good 
prognosis among patients without Tl-201 scintigraphic _ 
evidence of exercise-induced perfusion defects or _ 
washout abnormalities. For most patients referred for _ 
evaluation of chest pain, particularly when atypical in 
nature, exercise T1-201 scintigraphy can provide a de- 
gree of reassurance nearly equal to that of coronary 
angiography. However, our test was performed with 
symptom-limited exercise endpoints in patients with 
a low to intermediate pretest likelihood of CAD, using 
near optimal imaging techniques and quantitative 
methods for T1-201 interpretation that have a relatively 
high level of sensitivity. Despite reassurance of a low . 
probability of CAD and an excellent prognosis, many - 
patients with chest pain and a normal T1-201 scintigram 
continue to have chest pain syndromes and receive 
antianginal medications. 









A [xir 
NE tar 


А A д к: sy £ 
O N CE 
à jam e FINES ym rion 


M 


l- ee! А 


Acknowledgment: We аге grateful to Nancy Durham and 
Elizabeth Howk for their superb secretarial assistance in 
preparing this manuscript and to Gail Petroff and Robin 
Waterfield for their technical assistance. 


References 


1. Bailey IK, Griffith CS, Rouleau J, Strauss HW, Pitt B. Thallium-201 myo- 
cardial perfusion imaging at rest and during exercise. Comparative sens 
А ес ронгерту in coronary artery disease. Circulation 1977;55: 

2. Ritchie JT, Zaret BL, Strauss HW, Pitt B, Berman DS, Schelbert HR, _ 
Ashburn WL, Berger HJ, pire жу GW. Myocardial imaging wi with thallium- 3 
201:a multicenter study in patients angina pectoris or acute myocardial 
infarction. Am J Cardiol 1978;42: 345. 950. 

3. Turner DA, Battle WE, Deshmukh H, Colandrea MA, Snyder GJ, Fordham | 
EW, Messer JV. The predictive value of myocardial perfusion scint 
after stress in patients without previous infarction. J Nucl Med 19 8;19: 


















nder exercise in the diagnosis of coronary 
se. J Nucl Med 1978; 19:773-782. 

iret LJ, Roland JM, Vanbutsele BS, Rousseau MF, Cosyns J, 
ur LA, Beckers C, Detry J-MR. Diagnostic value of exercise elec- 
diography and thallium myocardial scintigraphy in patients without 
















i J, Garcia EV, Berman DS, Waxman A, Swan НЫС, Forrester J. 
d noninvasive assessment of coronary artery disease by quantitative 
is of regional stress myocardial distribution and washout of thal- 
01. Circulation 1981;64:924—935, 
en MD, Okada RD, Boucher CA, Strauss HW, Pohost GM. Com- 
of exercise perfusion and ventricular function imaging: an analysis 
igi و‎ the diagnostic accuracy of each technique. JACC 
»# Е 8 3 
r BC, Watson DD, Taylor GJ, Craddock GB, Martin RP, Teates CD, 
Beller GA. Quantitative thallium-201 exercise scintigraphy for detection 
oronary artery disease. J Nucl Med 1981;22:585-593. 
ап AS, Haaz W, Segal BL. Exercise thallium-201 imaging. Clinical 
ations of normal exercise images: concise communication. Arch 
Med 1981;141:50 1-503. 
d TW, Gibson RS, Ryan JM, Gascho JA, Watson DD, Beller GA. 
nce of high risk thallium-201 scintigraphic findings in left main 
ary artery stenosis: comparison with patients with multiple- and sin- 
vessel coronary artery disease. Am J Cardiol 1984;53:462-469. 
wn KA, Boucher CA, Okada RD, Newell J, Strauss HW, Pohost GM. 
rognostic value of exercise thallium-201 imaging in patients presenting 
valuation of chest pain. JACC 1983; 1:994— 1001. 
on RS, Watson DD, Craddock GB, et al. Prediction of cardiac events 
after uncomplicated myocardial infarction: a prospective study comparing 
ischarge exercise thallium-201 scintigraphy and coronary angiography. 
ulation 1983;68:32 1-336. 
tvinick EH, Perez-Gonzalez JF, Dunn В, Ports Т, Chatterjee К, Parmley 
. Late prognostic value of scintigraphic parameters of acute myocardial 
arction infarct size in complicated myocardial infarction without heart 
re, Am J Cardiol 1983,51: 1045-1051. 
atterson RE, Horowitz SF, Eng C, Meller J, Goldsmith SJ, Pichard AD, 
igash DA, Herman MV, Gorlin R. Can noninvasive exercise test criteria 
tify patients with left main or 3-vessel coronary disease after a first 
'Ocardial infarction? Am J Cardiol 19835 1:36 1-372. 
atson DD, Beller GA, Read E, Gibson RS, Teates CD. Spatial and tem- 
гаі шан of plane thallium myocardial images. J Nucl Med 1981; 
Her GA, Watson DD, Pohost GM. Kinetics of thallium distribution and 
edistribution: Clinical applications in sequential myocardial imaging. in: 
HW Strauss, B Pitt, eds. Cardiovascular Nuclear Medicine. St. Louis: CV 
isby, 1979:335-352. 
emp HG, Vokonas PS, Cohn PF, Gorlin R. The anginal syndrome asso- 
ciated with normal coronary arteriograms. Report of a six year experience. 
mJ Med 1973;54:735-742. 
irchandise В, Bourassa MG, Chaitman BB, Lesperance J. Angiographic 
aluation of the natural history of normal coronary arteries and mild non- 
obstructive atherosclerosis. Am J Cardio! 1978;41:216—220. 
asternak RC, Thibeault GE, Savoia M, DeSanctis RW, Hutter AM Jr. Chest 
pain with angiographically insignificant coronary arterial obstruction. Clinical 








































































ardt JC. Sensitivity and specificity 2 


`` presentation and long-term follow-u 
‚ DeMaria AN, Lee б, Amsterdam E. 


21. 


22. 


23 


24. 
25. 
26. 


27 


* 


28. 


29. 


30. 


31. 


32. 


33. 


36. 


drome with normal coronary arteries. 






Etiolog э 
ations. JAMA 1980;244:826-828 == 0000 | m 
Proudfit WL, Bruschke AVG, Sones FM. Clinical course of patients with 
normal or ie di or moderately abnormal coronary arteriograms: 10 year 
follow-up of 521 patients. Circulation 1980;62:7 12-7 18. 

isner JM, Salem DN, Banas JS, Levine HJ. Long-term clinical course of 
patients with normal coronary arteriography: follow-up study of 121 patients 
with normal or nearly normal coronary arteriograms. Am Heart J 1981; 
102:645-653. 

Bemiller CR, Pepine CJ, Rogers AK. Long-term observations in patients 
vid angina and normal coronary arteriograms. Circulation 1973;47:36-— 
43. 

Day LJ, Sowton E. Clinical features and follow-up of patients with angina 
and normal coronary arteries. Lancet 1976;2:334—337. 

Lavey EB, Winkle RA. Continuing disability of patients with chest pain and 
normal coronary arteriograms. J Chron Dis 1979;32:191--196. 

Ockene IS, Shay MJ, Alpert JS, Weiner BH, Dalen JE. Unexplained chest 
pain in patients with normal coronary arteriograms. A follow-up study of 
functional status. N Engl J Med 1980;303: 1249-1252. 

Diamond GA, Forrester JS, Hirsch M, Staniloff HM, Vas R, Berman 
DS, Swan HJC. Application of conditional probability analysis to the 
РЫ sop of coronary artery disease. J Clin invest 1980;65: 
Weiner DA, Ryan TJ, McCabe CH, Kennedy JW, Schloss M, Tristani F, 
Сһайтап BR, Fisher LD. Exercise stress testing. Correlations among history 
of angina, ST-segment response and prevalence of coronary artery disease 
dart e artery surgery study (CASS). N Engl J Med 1979;301: 
Diamond GA, Stancloff HM, Forrester JS, Pollock BH, Swan HJC. Com- 
puter-assisted diagnosis in the noninvasive evaluation of patients with 
suspected coronary artery disease. JACC 1983; 1:444—455. 

Colby J, Hakki AH, iskandrian AS, Mattleman S. Hemodynamic angio- 
graphic and scintigraphic correlates of positive exercise electrocardio- 
jubes emphasis on strongly positive electrocardiograms. JACC 1983;2: 
Botvinick E, Taradash M, Shames D, Parmley W. Thallium-201 myocardial 
perfusion scintigraphy for the clinical clarification of normal, abnormal and 
equivocal electrocardiographic stress tests. Am J Cardiol 1978;41:43- 


51. 

Guiney TE, Pohost GM, McKusick KA, Beller GA. Differentiation of false 
from true positive ECG responses to exercise stress by thallium-201 per- 
fusion imaging. Chest 1981;80:4— 10. 

Kansal S, Roitman D, Bradley EL Jr, Sheffield LT. Enhanced evaluation 
of treadmill tests by means of scoring based on multivariate analysis and 
РО a study of 608 patients. Am J Cardio! 1983;52: 
Hossack KF, Bruce RA, Fisher L, Hofer V. Prognostic value of risk factors 
я testing in men with atypical chest pain. Int J Cardiol 1983;3: 
Waxler ED, Kimbris D, Dreifus LS. The fate of women with normal coronary | 
arteriograms and chest pain resembling angina pectoris. Am J Cardiol 
197 1;28:25-32. 

Bass C, Wade W, Hand D, Jackson G. Patients with angina with normal 
and near normal cor arteries: clinical and psychosocial state 12 months 
after angiography. Br Med J 1983;287: 1505-1508. 
























DANTE Е. MANYARI, 


= Cross tolerance to the arterial effects of sublingual 

. glyceryl trinitrate (GTN) has been demonstrated in 
subjects taking oral isosorbide dinitrate (ISDN). To 
determine if cross tolerance also develops in the 
venous system, the effects of 0.6 mg of GTN on ve- 
nous capacitance were assessed before (stage А) 
and during (stage B) therapy with ISDN. Venous 
capacitance was assessed using the radionuclide 
blood pool method, with relative changes i in regional 
blood volume measured in the forearm in 6 patients 
and the splanchnic circulation in 4 patients. Heart 
rate, blood pressure and blood volume were mea- 
_ sured before and at 1-minute intervals for 10 minutes 
.. after GTN; there was less than 2% variability in 

^ regional blood volume during 6 control measure- 
ments. During stage A, 5 minutes after GTN, systolic 
` blood pressure (mean + standard deviation) de- 

creased by 14% (from 125 + 15 to 107 + 19 mm 
Hg, p <0.01) and heart rate increased by 17 % (from 











Partial circulatory tolerance to organic nitrates develops 
rapidly in humans.1-15 Similarly, cross tolerance be- 
. tween glyceryl trinitrate (GTN) and other organic ni- 
^ trates has been described to occur at usual therapeutic 
Чозез. 7910 Although circulatory tolerance and cross 
tolerance in terms of blood pressure and heart rate have 
been demonstrated, 79.11-13 limited data are available 
regarding nitrate cross tolerance in the venous capaci- 
tance vessels,19.14.15 believed to be the site of predomi- 
nant nitrate action. Furthermore, the few studies have 
yielded conflicting results. 
Much of the available information regarding the 
control of capacitance vessels has been obtained with 
.. plethysmographic or gravimetric techniques,!®!7 which 
`. measure shifts in regional blood volume. These meth- 
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: dation, Calgary, Alberta, Canada. Manuscript received October 19, 


1984; revised manuscript received January 2, 1985, accepted January 
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of Cross Tolerance in the Capacitance Vessels | 
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68 + 14 to 80 + 17 beats/min, p <0.001 
regional blood volume increased to 101 + : 
minute (difference not significant [NS]), 11: 
at 5 minutes (p <0.001) and 107 + 3% at 10 
utes (p <0.01) relative to baseline measurer 
During stage B, 5 minutes after GTN, systolic 
pressure decreased by only 7% (from 120 4 
112 + 10 mm Hg, p « 0.05) and heart rate incr 
by 7% (from 70 + 12 to 75 + 12 beats 
<0.05), while regional blood volume was 100 
at 1 minute (NS), 103 + 1% at 5 minutes (p - 
and 101 + 1% at 10 minutes (NS) after С 
changes in blood pressure, heart rate and reg 
blood volume after GTN during stage B we 
significantly less than those observed during 
A. Thus, partial but significant cross toleranci 
tween ISDN and GTN develops in both the a 
and venous systems. 

(Am J Cardiol 1985;55: 927 



























ods, however, do not separate changes i in the TE 
capacitance vessels from those in the extrace 
compartment, a differentiation that may be espe 
important when performing prolonged experim 
Moreover they are not suitable for the study of re 
such as the splanchnic circulation, usually being 
fined to study the limbs. Recently, quantitative reg 
blood pool i imaging has been used to measure reg 
volume changes in the capacitance vessels of liml 
well as other regions including the splanchnic c 
tion.1?-^4 Using this latter technique, this study ass 
whether cross tolerance between isosorbide dini 
(ISDN) and GTN develops in the venous system. 


Methods 


Patient group: Fourteen patients with stable, exei 
induced angina entered the study, although 4 could 
complete all stages of the protocol. Two patients coul 
tolerate oral ISDN because of headaches and 2 had pro, ч 
angina not controlled by nitrates and eventually ш 


























ngestive heart failure: all remained stable ыле 
study period. Except for sublingual GTN, no patient 
d vasoactive drugs before the study and GTN was not 
within 4 hours of hemodynamic measurements. 
design: The hemodynamic response to 0.6 mg of 
al GTN was assessed on the first day without any 
nedication (stage A) and again during sustained therapy 
oral ISDN for 4 weeks (stage B). Hemodynamic mea- 
1ents included regional blood volume changes, heart rate 
blood pressure. Regional blood volume was measured 
minute for 6 minutes before GTN, at 1-minute intervals 
minutes and at 10 minutes after GTN. Heart rate and 
' pressure were recorded twice before and every minute 
10 minutes after GTN administration. 
ter measurements during stage A were completed, pa- 
received oral ISDN every 6 hours, 10 mg for 3 days, 20 
for 3 days then 30 mg every 6 hours for 4 weeks. At the end 
k 4, all measurements were repeated (stage B) 5 to 6 
fter the morning dose of ISDN, All measurements were 
' between 10 and 11 AM, in the fasting state and in the 
е position. 
adionuclide blood volume measurements: Equilibrium 
pool radionuclide angiography was used to measure the 
s in regional blood volume in the left forearm in 6 pa- 
nts and in the splanchnic circulation in 4 patients (Fig. 1). 




















































URE 1. RE blood pool images of the forearm (A) and abdomen 
recorded after red blood cell labeling with technetium-99m, with 
ottom) and without (top) the assigned regions of interest. Lead markers 
rrows) taped to the skin in a plane parallel to that of the gamma 
imera collimator were used to define the same anatomic regions of 

rest in successive scintigrams. Changes in regional count rate, 
yrrected for physical decay of technetium-99m, were used to assess 
nal blood volume changes in the forearm and the splanchnic cir- 
ulation. In the forearm, the region studied was that delineated by 2 
f lead markers (A). In the abdomen, the splanchnic region of 
ist was selected away from the abdominal large vessels, kidneys, 
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y ques. To minimize - 
the amount of о {тее technetium- 99m, initial’ scin- 
tigrams were recorded 45 to 60 minutes after labeling. To keep 
spontaneous physiologic variability to a minimum, all mea- 
surements were made after a 12-hour fast and after a 30- 
minute rest period in the supine position in a laboratory de- 
void of significant visual or auditory stimuli. Anterior views 
of the abdomen were used to image the splanchnic circulation. 
Scintigrams of the left forearm were recorded with the limb 
extended 60° laterally and resting over the camera detector, 
which was positioned facing up at the level of the imaging 
table. Care was taken to maintain the same patient-camera 
position during each session. 

Static scintigrams were recorded for 30 seconds at intervals 
described above, using a standard gamma camera interfaced 
to a general nuclear medicine computer system. To define the 
same anatomic segments in consecutive scintigrams, lead 
markers taped to the skin for the duration of each session were 
used as reference points to select identical regions of interest 
(Fig. 1). Count rates obtained after the first acquisition were 
corrected for physical decay for technetium-99m. Because the 
aim of this study was to detect relative blood volume changes, 
background was not taken into account in the calculations 
because it was considered to remain constant in successive 
scintigrams. 

Statistical analyses: Group results of each measurement 
were analyzed by 2-way analysis of variance followed by 
the Tuckey’s procedure when appropriate. Paired t tests 
were used when comparing a given measure between stages 
A and B. 


Results 


Heart rate and blood pressure: After GTN, mean 
(+ standard deviation) heart rate increased significantly 
(p «0.001) during both stage А (from 68 + 14 to 80 + 17 
beats/min) and stage В (from 70 + 12 to 75 + 12 beats/ 
min) (Fig. 2). However, maximal changes during stage 
А were significantly greater (p «0.05) than those during 
stage B. The magnitude and timing of the maximal in- 
crease in heart rate after GTN varied from patient to 
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FIGURE 2. Group heart rate (mean + standard error of the mean). 
changes before and after nitroglycerin administration during a control. 
period (stage A) and after 4 weeks of treatment with isosorbide dinitrate 
(stage B). Patients received 0.6 mg of sublingual nitroglycerin at time 
0. * р <0.05; їр <0.01;4 P <0. 001 vs value before ir glyceri 
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_ patient, with group heart rate being the highest at 3 to - 
4 minutes after GTN. 

Similarly, average systolic blood pressure decreased 
significantly after administration of GTN both during 
stage A (from 125 + 15 to 107 + 19 mm Hg, p <0.001) 
and stage B (from 120 + 10 to 112 + 10 mm Hg, p <0.01) 
(Fig. 3). The average systolic blood pressure during 
control measurements was somewhat higher during 
stage A than during stage B (p >0.05), and the maximal 
decrease after GTN was greater (p <0.05) during stage 
A than during stage B. The magnitude and timing of the 
maximal blood pressure changes varied from patient to 
patient, with the lowest group values observed at 4 to 
. minutes after GTN. 

B Venous capacitance: Group results of relative 
changes in regional blood volume are shown in Figure 
4. Control measurements were remarkably constant; the 
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. corrected number of counts varied by less than 2% 
. during each of the 6 baseline measurements. During 
. stage A, mean regional blood volume increased by 11% 


at minute 5 after GTN (p <0.001), whereas during stage 
.. B, mean regional blood volume increased by only 496 at 
К this time after GTN (р <0.05). Changes in mean re- 
... gional blood volume during stage A were greater (p 
. <0.05) than those during stage B at 4, 5, 6 and 7 minutes 
~ after GTN. No differences were noted between the ra- 
dionuclide regional blood volume changes measured in 
the arm or the splanchnic circulation. In both regions, 
G'TN produced increases in the regional blood volume, 
and in both regions this response was more marked 
during stage A than during stage B. After GTN, regional 
blood volume increased by 12% in the arm and 10% in 
.. the splanchnic circulation during stage A and by 3 and 

4%, respectively, during stage B. There was considerable 
~ interpatient variation in the magnitude and time-to- 
peak effect of GTN on regional blood volume (Fig. 5). 


Discussion 


The results of this study document that partial, but 
. Significant, cross tolerance between ISDN and GTN 
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M the mean) changes before and after nitroglycerin administration during 
. &control period (stage А) and after 4 weeks of treatment with isosorbide 
. dinitrate (stage B). Patients received 0.6 mg of sublingual nitroglycerin 


te ` FIGURE 3. Group systolic blood pressure (mean + standard error of 













develops in the venous as we 


1 Ы 1 » ] 4 

| Е жулу?» coy "n R 

е OA Pos S* MM dcc DM qu 
КМ IOANA OE CARDIOL ACV VILLE 

JOURNA - OF CA RADIOLOGY V lume 55 
Ay | di в 
Сы; $ 
*- E», 





























j x 
ddr i 
Nx- "i 


+4 





х 
`- 


this phenomenon to clinical efficacy. MA \ ў: | 
Although many investigators have studied ће: phe- 


nomenon of cross tolerance between various prepara- _ 
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mean) changes before and after nitroglycerin administration durin a 
control period (stage A) and after 4 weeks of treatment with isosorbide 
dinitrate (stage B). Patients received 0.6 mg of sublingual nitrog ycerin — 
at time 0. * p <0.05; їр <0.01; їр <0.001 vs value before ni Kc 
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FIGURE 5. Individual changes in relative regional blood volume before | 
and after nitroglycerin (GTN) administration during stage A. Values аге — as 
shown before GTN at 1-minute intervals, at maximal effect and 10 — . 
minutes after GTN. The maximal change in regional blood volume varied _ 
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dy of changes in heart rate, blood 
rcise capacity and exercise-induced ST- 
lepression on the electrocardiogram.!7,9-15 
previous investigations have addressed the 
of cross tolerance between ISDN and GTN in 
ous system. ?®!4 Zelis and Mason!? measured the 
f sublingual GTN on calf blood flow, vascular 
ince and venous volume in 6 subjects before and 
‘to 8 weeks of oral ISDN.!? They found that GTN 
sed the capacitance volume by 9% before ISDN, 
as no change was demonstrated during chronic 
administration. The abolition of the venodilator 
of GTN during ISDN therapy was, however, not 
eled in the arterial system, because the blood 
sure, vascular resistance and blood flow changes 
ced by GTN were similar before and after chronic 
"administration. These investigators used the 
is occlusion technique with a mercury-in-rubber 
in gauge plethysmograph to measure calf venous 
е and volume changes. Although our results 
rally agree with those of Zelis and Mason?? with 
‘ard to the venous system, we and others??? also 
d the development of significant cross tolerance 
een ISDN and GTN in the arterial system. Dif- 
nt patient groups, different techniques to assess 
ous capacitance volume or different protocols may 
unt for these discrepancies. 
1 another study, Schlup et al'4 studied 8 young 
thy subjects (mean age 28 years) and 10 older pa- 
with coronary artery disease (mean age 62 years), 
“the quotient of maximal systolic and minimal 
tolic flow calculated oscillometrically" as a measure 
asodilatation of capacitance vessels. Three days of 
py with ISDN produced a marked and significant 
uation of the venodilator effect of G'TN but only 
oung healthy subjects. In older patients with coro- 
"artery disease, the venodilator effect of GTN was 
ar before and during ISDN therapy. Cross toler- 
e to the tachycardic effects of GTN was observed 
y in patients with coronary artery disease and not in 
mal subjects.!^ Based on our results, we cannot ex- 
n these rather unusual findings, but again wonder 
he different techniques used to study venous ca- 
tance, as well as the short duration of “chronic” 
N therapy, may account for the different results. 
difficult to explain is the discrepancy between the 
ts obtained by Zelis and Mason!? and Schlup et 
because similar techniques to assess venous volume 
ges were used in both studies. 
the present investigation, radionuclide blood pool 
igraphy was used to measure regional blood volume 
ges. In this technique, blood pool scintigraphy is 
ieved by labeling the red blood cells with techne- 
m-99m. A scintillation camera then quantifies the 
'nal radioactivity, which is proportional to the in- 
vascular volume of the imaged region. Contrary to 
»ysmographic or gravimetric techniques,!9! 7 which 
ct changes in volume in the intravascular and ex- 
cular compartments, only changes in intravas- 





















ve limited theirinves- ^. pool 


by the radionuclide blood . 


changes in the capacitance vessels.?! 

We elected to study regional blood volume changes 
in either the forearm or splanchnic circulations since 
preliminary experimental and clinical observations in 
our laboratory?22325 indicate that the effects of GTN 
are directionally similar in both regions. However, it is 
not clear that a given increase in blood volume, in per- 
cent units, represents an equivalent venodilatory re- 
sponse in these 2 regions. In patients with overt heart 
failure, venodilation after GTN may be more marked 
than in patients without heart failure. Moreover, it is 
possible, as suggested by some workers, that an in- 
crease in venous capacitance in the splanchnic region 
may not necessarily reflect a direct venodilator effect. 
Rather, in some instances it may be caused by passive 
blood pooling as a result of arteriolar vasodilation. 
However, independent of patient group or mechanisms 
of action, our study shows that the increase of venous 
capacitance after G'TN is attenuated after a 4-week 
treatment with ISDN. 

Clinical implications: GTN remains the cornerstone — 
of therapy for angina pectoris. If the major mechanism is 
of action is venodilatation with a resultant decrease in 
myocardial oxygen demand, the demonstration of 
partial cross tolerance with ISDN may have important 
clinical implications. Thus, patients receiving chronic — 
ISDN (or possibly other long-acting nitrate prepara- — 
tions) may require larger doses of СТМ to obtain angina ыг 
prophylaxis or relief. Whether partial venous cross 
tolerance also occurs in patients with congestive heart 
failure is not established, although if present, the im- 
plications to the therapy of angina might be similar. 
These theoretic considerations require clinical 
testing. 
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etabolic and mechanical effects of a solution 
cose-insulin-potassium (G-I-K) were investi- 
id in 18 patients who underwent diagnostic 
ac catheterization for coronary artery disease. 
itients were paced at a rate of approximately 
еаіѕ/тіп before and after infusion of G-I-K. 
sal and paced left ventricular (LV) end-diastolic 
sure, dP/dt, arterial substrate levels and os- 
rity were measured in all 18 patients. In 13 
tients cardiac index was also measured. In 5 
nts arterial-coronary sinus measurements of 
an, carbon dioxide, glucose, free fatty acids, 
state, alanine, glutamate, glutamine, ammonia and 
еа were made, in addition to coronary sinus blood 
-l-K increased the blood sugar level to ap- 
mately 200 mg/dl and raised the serum os- 
larity 9 mosmol. Pacing alone raised the cardiac 
4 4% and pacing with G-I-K increased the 


cose- -insulin-potassium (G-I-K) has many theoret- 
advantages during reduced oxygenation of tissues 
h as the heart. These include anaerobic generation 
denosine triphosphate, reduction of toxic levels of 
fatty acids, stabilization of membranes and main- 
ance of intracellular potassium.! It provides bene- 
effects in animals during myocardial ischemia 
duced by occlusion of a coronary artery. Insulin 
oves the functional recovery of the perfused rat 
апа of diabetic patients subjected to ischemia. 
linical experience with G-I-K infused in the early 
ges of acute myocardial infarction shows ап im- 
ment in electrical stability and mechanical per- 
ance and a reduction in projected mortality.’ The 
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Improved Myocardial Contractility with 
Glucose-Insulin-Potassium Infusion 
During Pacing in Coronary Artery Disease 


ү G. McDANIEL, MD, WILLIAM J. ROGERS, MD, RICHARD О. RUSSELL, Jr., MD, 
and CHARLES E. RACKLEY, MD 


cardiac index 6% (p <0.05). Pacing before G-I-K 
augmented dP/dt (2196) and pacing with G-I-K in- 
creased it (3096) (p <0.01). The metabolic changes 
noted included a shift in the respiratory quotient from 
0.77 to 0.96 with G-I-K infusion (p <0.05). During 
G-I-K infusion the myocardial oxygen consumption 
at rest increased from 17.1 to 21.8 ml/min (23%, 
p <0.05). Myocardial oxygen consumption during 
pacing was similar before and after G-I-K infusion. 
Before G-I-K infusion nitrogen balance was slightly 
positive; after G-I-K infusion it was negative with 
regard to the nitrogen-containing compounds 
measured. Thus, infusion of G-I-K at this concen- 
tration and rate alters myocardial carbohydrate, lipid 
and nitrogen metabolism with a significant increase 
in myocardial contraction. 


(Am J Cardiol 1985;55:932-936) 





effect of G-I-K on the response to pacing has been | 
studied in patients with coronary artery disease (CAD) 
and reported to be both beneficial and harmful. The - 
present investigation examines hemodynamic and 
metabolic changes with G-I-K infusion under controlled 
cardiac pacing in patients with suspected CAD using the 
infusion of G-I-K, which we have found beneficial in 


patients with acute myocardial infarction.5:!? 


Methods 


'The study consisted of 18 patients who underwent right- 
and left-sided cardiac catheterization, coronary arteriography 
and left ventricular (LV) angiography for evaluation of CAD. 
None of the patients had diabetes mellitus or heart failure. 
No premedication was given before catheterization and they 
fasted overnight. A right-sided cardiac infusion- -pacing 
catheter was positioned so that its bipolar electrodes were in 
the vicinity of the sinus node at the junction of the superior 
vena cava and right atrium and. its infusion gore was at the 
level of the right atrium. A I : 













































iven intravenously. LV pressure values were measured with 


a manometer-tipped catheter (Millar Instruments, model 
РС-370 micromanometer-tip catheters) positioned in the left 
ventricle, either from a brachial arteriotomy or percutaneously 
from a left femoral artery with on-line sampling by computer. 
In 5 patients a thermodilution catheter (Wilton Webster) was 
advanced to the coronary sinus from the left brachial vein. Its 
position in the coronary sinus was documented by oximetry. 
Care was taken to assure that the coronary sinus catheter did 
not change position by observing its relation to adjacent bony 
. landmarks. 

The protocol consisted of baseline determinations of dP/dt, 
LV end-diastolic pressure, heart rate and arterial substrate 
measurements in all 18 subjects. They were then paced atrially 
at a rate of 130 to 140 beats/min for 4 minutes or until devel- 
opment of angina pectoris or Mobitz I atrioventricular block. 
After repeat measurements were made, pacing was stopped 
and G-I-K was initiated with a bolus of 10 g of glucose and 5 
units of crystalline zinc insulin intravenously, followed by 
infusion of G-I-K (300 g of glucose, 50 units of insulin and 80 
mEq of potassium chloride per liter) at a rate of 0.033 ml/ 
kg/min. After 15 minutes of G-I-K infusion, the measurements 
and pacing protocol were repeated. 

The manometer-tip catheter was calibrated before cathe- 
terization using the Millar Instruments, model TCB-100 
. Transducer Control Unit. The high-fidelity LV pressure sig- 
nals were processed through a standard direct current am- 
plifier channel of an Electronics for Medicine DR-8 recorder 
and simultaneously digitized in 15-second increments by an 
IBM 1800 computer at a sampling rate of 1,000 samples/sec- 
ond. The high-fidelity-LV pressure signal was analyzed on 
line by the digital computer for maximal LV pressure, LV 
end-diastolic pressure (LVEDP), and maximal dP/dt.!! The 
cardiac index was determined by thermodilution.!? 

. Coronary sinus blood flow was determined with the ther- 
 modilution catheter that had both internal and external 
> thermistors and a central lumen for injection and sampling. 
`. - The temperature-resistance characteristics of the thermistors 
of each catheter were determined over a range of 20 to 38°С 
лп а bath. These data were used to program an IBM 1800 
computer for subsequent use in patients. After the catheter 
_ was positioned in the coronary sinus, the thermistor cables 
were connected to a dual-channel Wheatstone bridge/am- 
. plifier. The external thermistor was balanced while sampling 
basal coronary sinus temperature, and the internal thermistor 
was balanced while 0.9 M sodium chloride was injected 
_ through the lumen. Balancing resistance values, indicated by 
digital potentiometers, were stored in the computer. 

Before each blood flow determination, basal coronary sinus. 
blood temperature (Тв) and a 150-ohm calibration signal were 
sampled. Then 0.9 M sodium chloride at room temperature 

` was injected at a rate of 36 ml/min with a Harvard constant 

_. infusion pump. The temperature of the injectate (Т) and the 
temperature of the blood injectate mixture at equilibri- 
um (Tm) were sampled by computer for 9 seconds at 13-ms 
intervals and the mean coronary sinus blood flow was calcu- 
lated as 




















(Ty — Тр 
(Tp — Тм) 


А where F, = flow rate of injectate = 36 ml/min (0.9 М 


1.10 (Е;) 


: _ The flow rates were performed in duplicate and the repro- 
ducibility of repeat minations was 4.0%.12 
The охур! tion ratio (OER) of a substrate extracted 











units of heparin were 





percent of the oxygen ex- ^ vessel disease. In 54 





















































M.G. 33 1 
bd. 55 3 
C.C. 38 3 
C.U. 52 1 
Т.Р. 38 2 
J.K. 49 2 
C.C. 53 1 
H.F. 53 2 
P.H. 46 3 
J.P. 26 0 
D.M. 45 2 
S.J. 57 2 
W.C. 50 3 
О.К. 51 2 
W.A. 45 3 
E.M. 50 2 
B.W. 42 0 
M.S. 59 2 € 
Mean + SEM 47 + 2 1.9 + 0.2 0.48 





CAD coronary artery disease with the number of ves: 
greater than 70% luminal diameter narrowing listed for е; 
EF = ejection fraction’®; SEM = standard error of the me. 


tracted by the heart (O4. cs) that would be used int 
tion of that substrate to carbon dioxide and water. 


(Sa.cs)(SOEgq) 
Oa-cs 


OER(%) = X 100 


where SOEq is the oxygen equivalent for substrate S. | 
micromole extracted across the heart the oxygen еді 
values were free fatty acid 24.5, glucose 6 and lacta 
milliliters of whole blood were added to 6 ml of col 
chloric acid for enzymatic determination of subst 
nitrogenous compounds. The actual amount of bl 
determined by weight. After removing the protein precipi 
the perchloric extract was titrated with potassium hyd: 
to pH 6. Glucose was measured with glucose oxidase 
with lactate dehydrogenase, glutamate with glutam 
hydrogenase, glutamine with glutaminase and glu 
dehydrogenase and ammonia with glutamate deh 
nase.1?-15 Plasma free fatty acid was determined by th 
colorimetric procedure and blood gases by the Va 
procedure. Serum osmolarity was determined by f 
point depression. | 
In all 18 patients arterial substrates (glucose, free fatt 
lactate and osmolarity) and hemodynamics (dP/dt 
LVEDP) were measured. The cardiac index was measurec 
13 patients. In 5 patients coronary sinus blood flow and 
multaneous arterial and coronary sinus substrates, blood 
levels and nitrogenous compounds were measured. 
A repeated-measures analysis of variance was used to 
alyze the dP/dt and cardiac index response to G-LK : 
pacing. The response to pacing before and after adminis 
tion of G-I-K, changes in baseline and changes in respi 
values were compared using orthogonal contrasts. The a 
ial substrate levels, coronary blood flow and oxygen ext 
tion were compared using the paired t test for statis 
significance. | 








Results 


The average age of the 18 patients was 47 years 
26 to 59) (Table I). Two of the patients did n 
CAD. Three had 1-vessel, 8 had 2-vessel an 































jes During Pacing _ 
After GK 





Rest 
dP/dt (mm Hg/s) 
1,754 + 73 1,555 + 44* 
Cardiac index (liters/min/m?) 
0440.15 2.12 0.14 2.23 ± 0.16 2.37 ± 0.20* 
1 | Left Ventricular End-Diastolic Pressure (тт Hg) 
| 6.0 + 0.9 11.7 + .79 8.0 + 1.2 
1 Heart Rate (beats/min) 
+2 136 + 1 7642 
«0.05, ! p «0.01. 
lues are expressed as mean + standard error of the mean. The 
ind cardiac index changes with the glucose-insulin-potassium 


ignificant. The others are not. 
K = glucose-insulin-potassium. 


Pacing 









2,026 + 86{ 






































































136 + 1 















developed during pacing before and after G-I-K 
on. Half of the 18 patients were taking propran- 
The hemodynamic findings are listed in Table II. 
dP/dt values at rest and during pacing were 7 and 
higher with G-I-K infusion. The increase in dP/dt 
| pacing was 21% before and 30% after G-I-K infu- 
jn (Table II). All of these differences were statistically 
‘nificant. The cardiac index response to pacing was 
increased significantly by G-I-K infusion, from 4 
% (Table ID. The heart rate at rest was slightly 
er after G-I-K infusion compared with the initial 
before the first pacing; however, this difference was 
statistically significant. The heart rate achieved 
fore and after G-I-K infusion with pacing was the 
me (Table ID. The LVEDP was 1 to 2 mm Hg less 
ing the initial pacing period than it was during the 
ond pacing period (G-I-K infusion) (Table II). The 
dt response to pacing with G-I-K was similar in 
se taking or not taking propranolol and in those in 
ут angina developed compared with those in whom 
id not. The increase in dP/dt with pacing was lin- 
ly related to the ejection fraction (т = 0.69). The ar- 
al substrate changes produced by G-I-K infusion 
ing these studies are listed in Table III. The blood 
igar level increased to approximately 200 mg/dl and 
te increased to 1.5 mmols/liter. Plasma free fatty 
{ levels decreased about 40% with G-I-K infusion. 
One patient had marked hyperlipidemia with a plasma 








TABLE Ш Arterial Substrate Levels 
































(emol/liter) 








triglyceride lev 





m the comparable value before glucose-insulin-potassium infusion by р «0.05 usir 


levels were elevatec 





5 patients. There was a change in the respiratory quo- 
tient from 0.77 to 0.96, indicating the heart went from 
primarily fatty acid to carbohydrate oxidation during 
G-I-K infusion (p «0.05). The oxygen equivalent ratios 
from glucose, lactate and free fatty acids before and 
after G-I-K infusion are shown in Figure 1. These were 
calculated as described in the Methods section. 

Myocardial nitrogen balance studies showed a net 
release of alanine into the coronary sinus with pacing 
that increased significantly with G-I-K infusion (1 
umol/min before and 14 umol/min after G-I-K) (p 
« 0.05). Glutamine also appeared to be released from the 
heart at rest during G-I-K infusion. However, the 
change was not statistically significant. There were no 
consistent differences in ammonia or glutamate across 
the heart during pacing and G-I-K infusion. The total 
balance of these 4 nitrogenous compounds across the 
heart showed a net uptake of 6 umol/min before and a 
net output of 11 umol/min after G-I-K infusion (p 
<0.01). Urea was also measured and there was no sig- 
nificant difference in the arterial and coronary sinus 
blood urea nitrogen (12.6 vs 12.6 mg/dl). 

Coronary blood flow increased during pacing both 
before and after G-I-K infusion (Table IV). It was 
higher during G-I-K infusion both at rest and during 
pacing. We have found a similar increase in coronary 
blood flow after G-I-K infusion in the resting state 
secondary to a decrease in peripheral coronary resis- 
tance.!? There was a slight decrease in the amount of 
oxygen extracted from the blood across the heart during 
G-I-K infusion, but the greater increase in coronary © 
blood flow resulted in a slightly greater myocardial 
oxygen utilization during G-I-K infusion (Table IV). 
Myocardial oxygen consumption at rest was 23% greater 
during G-I-K infusion (p <0.05). 


Discussion 
The maximal dP/dt increased similarly and signifi- 


cantly in both groups during pacing with G-I-K. There : p. 


are several possible explanations for the increase in 
maximal dP/dt. First, the initial pacing favorably in- 
fluenced the response during the second pacing period. 
Other similar pacing studies have not shown any in- 
crease in the contractile response to a second pacing.!^!* 





Before G-I-K After G-I-K 
Rest Pacing Rest Pacing 

mM Td ی‎ nmm EMPTUM MEE 
Glucose 88 + 4 95 + 5 202 + 10* 207 + 14° 

(mg/dl) 
Plasma FFA 1,097 + 185 1,034 + 172 704 + 122* 649 + 109* 

(umol/liter) 
Lactate 928 + 58 973 + 44 1,283 + 59” 1,465 + 93* 






























* p <0.05 (paired t test). 


G--K = glucose-insulin-potassium. 


after the infusion started. 


Second, the osmolarity changes improved the contrac- 
tile response. The osmolarity was increased approxi- 
. mately 9 mosmol by G-I-K infusion. This is essentially 
the increase that would be expected from the increase 
.in the blood sugar. Willerson et al!? found an increage 
of 13% in dP/dt when the osmolarity was increased 10 
mosmol in humans.!? The 9-mosmol increase may ac- 

ount for the 8% increase in dP/dt with G-I-K infusion 
at rest over the previous value. However, it would not 
readily explain the greater increase in dP/dt with G-I-K 
їп response to pacing, since the osmolarity change oc- 
curred primarily before the second pacing period. An- 
. other possibility that can be discounted is an increase 
. in preload, because the LVEDP at rest was similar for 
~ both pacing periods. The last and most intriguing pos- 
... sibility is that G-I-K has an inotropic effect that is not 
‚ the result of a change in osmolarity. Insulin has a posi- 

.. tive inotropic effect in animal studies.?? In this regard, 
. insulin appears to have a paradoxical response. It will 
> decrease the positive inotropic response to catechol- 
. amines and reverse the decrease due to 8 blockade with 

` propranolol.?! Propranolol did not account for the re- 
` sponse seen, however, because the increase in dP/dt was 
¿similar in those taking or not taking this drug. We have 
seen a positive inotropic response in patients with acute 
myocardial infarction given this concentration of G-I-K 
increased cardiac index and ejection fraction and de- 

eased pulmonary end-diastolic pressure). In dia- 
etic animals cardiac contractility is decreased and in- 
everses this acute "he mechanisms 
OW 




















` Before G-I-K 


Rest Pacing Rest Pacing 
————— Pt — No — ا‎ ee NN 
Coronary blood flow 153 + 22 248 + 20 204 + 9* 281 + 25 
(mi/min) 
О» content (A-CS) 11.46 + 0.7 11.45 + 0.9 10.67 + 0.8 10.70 + 1.1 
(mi/min) 
О» 17.67 + 3.0 28.41 + 3.1 21.81 + 2.1* 30.04 + 3.4 


Values are expressed as mean + standard error of the mean. 
Coronary blood flow was measured by thermodilution as described in the Methods section. 1° 


TABLE V Pacing Studies with Glucose-Insulin-Potassium (G-I-K) 
i ue uU LU T ec MN LI 


Circulating 
Glucose Level 
Amount of During G-I-K 
Study G-I-K Infusion Response to Pacing 
Lesch? Er g of З 300—400 mg/di Increased angina and 1 VEDP 
19 U of 
30 mEq of K 
Chiong? 16.7 g of G 124-156 mg/dl ^ Decrease in angina, ST depression 
6.7 Uofi and LVEDP 
13.2 mEq of K 
McDaniel 25 g of G 181-215 mg/dl improvement in dP/dt 
12.5 ug of I 
4 mEq of K 


In the study of Lesch et al,? the G--K was infused over a 60-minute period. Pacing was begun 40 minutes 
after the infusion started. Chiong et al? infused G-I-K over a 45-minute period. Pacing was begun 25 minutes 


G = glucose; | = insulin; LVEDP = left ventricular end-diastolic pressure; K = potassium. 


of the 





After GK 

























































liver and alter membrane-bound calcium in various ce 
and influence myocardial contractile protein.”4 
showed that insulin increases calcium uptake b 
lated heart cells, especially those of diabetic anim 
Thus, G-I-K may increase myocardial contractil 
increasing myocardial calcium uptake, which tri 
a larger release of stored intracellular calcium wit 
sulting greater contraction.?9.29 | 

This study differs from previous investigations ( 
V). In the study of Lesch et al? the amount of gli 
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22.46 + 2.15" 17.23 + 1.28 






18.00 + 2.01 10.55 + 1.59 
The increase in the values at a heart rate at rest after G-I-K was 


















































p <0.1. 
= blood pressure; G-I-K = glucose-insulin-potassium; HR = heart 


on was much greater, resulting in plasma glucose 
es of 330 to 400 mg/dl. In contrast to the present 
иду, they found an increase in LVEDP during G-I-K 
usion and signs of increased ischemia during pacing 
G-I-K.8 Chiong et al? used lesser amounts of glu- 
e in their infusion and found a more favorable re- 
sponse to pacing during G-I-K infusion in patients who 
id angina. This group had less ST depression and a 
er LVEDP during pacing with G-I-K (Table V). 
ey found a slight increase in the tension time index 
th G-I-K infusion during pacing, whereas the cardiac 
ex decreased slightly during G-I-K infusion, neither 
which was statistically significant.? The more fa- 
able response that we found may well relate to 
amount of G-I-K given and use of the catheter- 
jed manometer for hemodynamic measurements 
able V). 
Another important aspect of this study is the relation 
ween myocardial contraction, metabolism and 
ygen use.?? A study by Simonsen and Kjekshus!” 
wed that lowering plasma free fatty acids with 
yyridylcarbinol was associated with a decrease in 
ocardial oxygen consumption during pacing and 
oproterenol infusion." In our study, myocardial 
үреп consumption divided by the heart rate times the 
tolic blood pressure (MVO2/HR-BP-107*) (ml/mm 
abeat) is almost the same during the second pacing 
riods, but is 18% higher during G-I-K infusion at а 
ting heart rate (Table VI). When myocardial oxygen 
nsumption is divided by dP/dt times the heart rate 
/O,/HR-dP/dt-1075), the value at rest again is higher 
ng G-I-K infusion (10%) and lower (10%) during 
ng with G-I-K, although the changes are not sta- 
cally significant (Table VI). This is probably the 
ult of extra energy expenditure for ion transport and 
nation of glycogen and triglycerides. Myocardial 
ogen and triglycerides would be depleted during 
acing. The apparent negative nitrogen balance during 
]-K infusion is no doubt balanced by a corresponding 
ptake of branched-chain amino acids.?! 
We have show a decrease in acute hospital mortality, 
emature ventricular beats, and hemodynamic per- 
ormance in patients with acute myocardial infarction. 
ie component of the overall effect of G-I-K in the 
setting in which we have used it may be related 
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LEDERLE LABORATORIES INTRODUCES 
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Iriamterene 75 m&/Hyarochlorothiazide 50 mg /Lederle 


THE FIRST AND ONLY 
REPLACEMENT FOR THE LESS 
BIOAVAILABLE TRIAMTERENE/ 
HYDROCHLOROTHIAZIDE 
FORMULATION... PROVEN 
SUPERIOR IN BIOAVAILABILITY 





Iriamterene 75 mg /Hydrochlorothiazide 50 mg /Lederle 





A CLINICALLY SAFE AND EFFECTIVE ALTERNATIVE IN 
POTASSIUM-SPARING ANTIHYPERTENSIVE THERAPY 

— FOR PATIENTS ON HYDROCHLOROTHIAZIDE WHO DEVELOP HYPOKALEMIA 

— FOR NEWLY DIAGNOSED PATIENTS IN WHOM THE DEVELOPMENT OF 
HYPOKALEMIA CANNOT BE RISKED 

— FOR PATIENTS TRANSFERRED FROM DYAZIDE'* 


For the first time, a reliable alternative to the Dyazide formulation of 
triamterene/hydrochlorothiazide — new MAXZIDE. In a transfer safety 
study, patients taking up to four Dyazide capsules daily were effectively 
transferred to MAXZIDE q.d. with no compromise in clinical condition.’ 


PROVEN FORMULATION MAXIMIZES POTASSIUM- 
SPARING EFFECT OF TRIAMTERENE 


In a clinical dose-response evaluation, 75 mg triamterene daily most 
successfully corrected the hypokalemic effect of repeated daily doses of 
50 mg йк каа * 


Dose-response evaluation of triamterene’s 
potassium-sparing activity in patients’ 
rendered hypokalemic with long-term daily 
doses of 50 mg hydrochlorothiazide 


‘Ordinarily, triamterene does not entirely reverse the kaliuretic effect of hydrochlorothiazide. 


Change in Serum K+ from Baseline in mEq/L 


Dose of Triamterene 





*Data from a study of 49 patients. 
*Trademark of SK&F Co., Carolina, Р.К. 





P 7 s] DE DIO 


PROVIDES OPTIMAL ABSORPTION OF 


ѓо MG TRIAMTERENE/ 
50 MG HYDROCHLOROTHIAZIDE 





SUPERIOR DRUG DELIVERY AND ABSORPTION — 
TABLET TO TABLET, PATIENT TO PATIENT 


MAXZIDE is optimally bioavailable and consistently delivers the 
prescribed dose of 75 mg triamterene and 50 mg hydrochlorothiazide. 
Dyazide, on the other hànd, exhibits poor bioavailability. When given in 
equivalent doses, Dyazide delivers approximately half the amount of 
hydrochlorothiazide as MAXZIDE. Similarly, two Dyazide capsules deliver 
less than half the amount of triamterene as one MAXZIDE tablet.’ 


Percent dose of hydrochlorothiazide Percent dose of triamterene recovered from urine 
recovered from urine over 72 hours in subjects? over 72 hours in subjects? given single oral doses 
given single oral doses 


Mean 


Standard 
Deviation 


Standard 
Deviation 
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Data from a study of 24 subjects. “Data from two studies of 24 subjects each. 


PHydroDIURIL is the registered trademark of Merck & Co., Inc., for 
hydrochlorothiazide. 


Please see last page of this advertisement for brief summary of prescribing information. 





HYDROCHLOROTHIAZIDE EFFECTIVENESS 
WITH THE OPTIMAL DOSE OF TRIAMTERENE 
FOR POTASSIUM CONSERVATION 


CLINICALLY SAFE AND WELL TOLERATED 


MAXZIDE can be prescribed with confidence for patients transferred 
from Dyazide to provide the administered dose of hydrochlorothiazide 
while maintaining clinically acceptable serum potassium levels. Patients 
previously receiving no diuretic medication and TS previously taking 
up to four Dyazide capsules have been safely and effectively treated with 


MAXZIDE q.d.* 


No clinically significant changes in serum 
potassium levels after 4 weeks of therapy with 
MAXZIDE one tablet q.d. in 138 patients previ- 
ously untreated or transferred from Dyazide 


* Abnormal elevation of serum potassium levels (=5.5 mEg/liter) 
can occur with all potassium-conserving diuretic combinations, 
including MAXZIDE. Hyperkalemia is more likely to occur in 
patients with renal impairment, diabetes (even without evidence 
of renal impairment), or in elderly or severely ill patients. Since 
uncorrected hyperkalemia may be fatal, serum potassium levels 
must be monitored at frequent intervals, especially in patients first 
receiving MAXZIDE, when dosages are changed, or with any 
illness that may influence renal function. 


References: 1. Williams RL, Clark T, Blume CD: Clinical experience with a new 
combination formulation of triamterene and hydrochlorothiazide (Maxzide) in 
patients with mild to moderate hypertension. Am / Med 1984; 77(5A):62-66. 

2. Blume CD, Williams RL: A new antihypertensive agent: MAXZIDE. 

Am J Med 1984; 77(5A):52-58. 3. Blume CD, Williams RL, Upton RA, et al: 
Bioequivalency study of a new tablet formulation of triamterene and hydro- 
chlorothiazide. Am ] Med 1984; 77(5A):59-61. 


Serum Potassium (mEq/L) 


Deviation 





*All dose ratios listed as triamterene in mg/hydrochlorothiazide in mg. 





Please see following page for brief summary of prescribing information. 





MAXZIDE™ Tablets 
Triamterene 75mg/Hydrochlorothiazide 50mg 


BRIEF SUMMARY 
Please see package insert for full prescribing information. 


INDICATIONS AND USAGE: MAXZIDE is indicated for the treatment of hyperten- 
sion or edema in patients who develop hypokalemia on hydrochlorothiazide 
alone. It is also indicated for those patients who require a thiazide diuretic 
and in whom the development of hypokalemia cannot be risked (e.g., patients 
on digitalis preparations or with a history of cardiac arrhythmias, etc.). This 
fixed combination drug is not Indicated for the initial therapy of edema or 
hypertension except in individuals in whom the development of hypokalemia 
cannot be risked. MAXZIDE may be used alone or in combination with other 
antihypertensive drugs such as beta-blockers. Since MAXZIDE may enhance 
the actions of these drugs, dosage adjustments may be necessary. Usage in 
Pregnancy: The routine use of diuretics in an otherwise healthy woman is 
inappropriate and exposes mother and fetus to unnecessary hazards. Diuret- 
ics do not prevent development of toxemia in pregnancy, and there is no satis- 
factory evidence that they are useful in the treatment of developed toxemia. 
CONTRAINDICATIONS: Hyperkalemia: MAXZIDE should not be used in the pres- 
ence of elevated serum potassium levels (greater than 5.5 mEqy/liter). If hyper- 
kalemia develops, this drug should be discontinued and a thiazide alone 
should be substituted. Concomitant use with other potassium conserving 
agents such as spironolactone, amiloride HCI or other formulations containing 
triamterene. Concomitant potassium supplementation in the form of medica- 
tion, potassium-containing salt substitute or potassium-enriched diets should 
also not be used. Contraindicated in patients with anuria, acute and chronic 
renal insufficiency or significant renal impairment. Hypersensitivity to either 
component separately or other sulfonamide-derived drugs. 

WARNINGS: Hyperkalemia. 


Abnormal elevation of serum potassium levels (greater than or equal to 5.5 
mEq/liter) can occur with all potassium conserving agents including 
MAXZIDE. Hyperkalemia is more likely to occur in patients with renal 
impairment, diabetes (even without evidence of renal impairment), or 


elderly or severely ill patients. Since uncorrected hyperkalemia may be 
fatal, serum potassium levels must be monitored at frequent intervals 
especially in patients first receiving MAXZIDE, when dosages are changed, 
or with any illness that may influence renal function. 





If hyperkalemia is suspected, (warning signs include paresthesias, muscu- 
lar weakness, fatigue, flaccid paralysis of the extremities, bradycardia and 
shock) an electrocardiogram (ECG) should be obtained. Moni tor serum potas- 
sium levels because mild hyperkalemia ma 
changes. If hyperkalemia is present, MAX 
diately and a thiazide alone should bt 
level exceeds 6.5 mEq/liter, тоге ж 
uation dictates the procedures AC 
administration of calcium chlorid 
or the oral or parenteral administ 
preparation. Cationic exchange resi 
may be orally or rectally admi 
dialysis, The development of 
diuretics is accentuated in 
DICATIONS). Patients with 
this drug without frequent a 
Cumulative drug effects та) 
tion. The renal clearances of hydrochlorothiazide, the pharmacologically active 
metabolite of triamterene, and the sulfate ester of hydroxytriamterene have 
been shown to be reduced and the plasma levels increased following MAXZIDE 
administration to elderly patients and patients with impaired renal function. 
Hyperkalemia has been reported in diabetic patients with the use of potas- 
sium conserving agents even in the absence of apparent renal impairment. 
Avoid MAXZIDE in diabetic patients. If it is employed, serum electrolytes must 
be frequently monitored. Metabolic or Respiratory Acidosis: Potassium con- 
serving therapy should also be avoided in severely ill patients in whom respira- 
tory or metabolic acidosis may occur, since acidosis may be associated with 
rapid elevations in serum potassium levels. If MAXZIDE™ triamterene 75mg/ 
hydrochlorothiazide 50mg is employed, frequent evaluations of acid/base bal- 
ance and serum electrolytes are necessary. 

PRECAUTIONS: Electrolyte Imbalance and BUN Increases: Patients receiving: 
MAXZIDE should be carefully monitored for fluid or electrolyte imbalances, 
i.e., hyponatremia, hypochloremic alkalosis, hypokalemia and hypomagnese- 
mia. Serum and urine electrolyte determinations should be frequently per- 
formed and are especially important when the patient is vomiting or receiving 
parenteral fluids. Warning signs or symptoms of fluid and electrolyte imbal- 
ance include: dryness of mouth, thirst, weakness, lethargy, drowsiness, rest- 
lessness, muscle pains or cramps, muscular fatigue, hypotension, oliguria, 
tachycardia and gastrointestinal disturbances such as nausea and vomiting. 

Any chloride deficit during thiazide therapy is generally mild and usually 
does not require any specific treatment except under extraordinary circum- 
stances (as in liver disease or renal disease). Dilutional hyponatremia may 
occur in edematous patients in hot weather; appropriate therapy is water 
restriction, rather than administration of salt, except in rare instances when 
the hyponatremia is life threatening. In actual salt depletion, appropriate 
replacement is the therapy of choice. 

Hypokalemia may develop with thiazide therapy, especially with brisk 
diuresis, when severe cirrhosis is present, or during concomitant use of corti- 
costeroids, ACTH, amphotericin B or after prolonged thiazide therapy. However, 
hypokalemia of this type is usually prevented by the triamterene component of 
MAXZIDE. 

Interference with adequate oral electrolyte intake will also contribute to 
hypokalemia. Hypokalemia can sensitize or exaggerate the response of the 
heart to the toxic effects of digitalis (e.g., increased ventricular irritability). 

MAXZIDE may produce an elevated blood urea nitrogen level (BUN), creati- 
nine level or both. This is probably not the result of renal toxicity but is sec- 
спат 10 а reversible reduction of the pe filtration rate or a depletion of 
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the intravascular fluid volume. Periodic BUN and creatinine determinations 
should be made especially in elderly patients, patients with suspected or con- 
firmed hepatic disease or renal insufficiencies. If azotemia increases, 
MAXZIDE should be discontinued. 

Hepatic Coma: MAXZIDE should be used with caution in patients with 
impaired hepatic function or progressive liver disease, since minor alterations — 


of fluid and electrolyte balance may precipitate hepatic coma. Renal Stones: 
Triamterene has been reported in renal stones in association with other calcu- 
lus components. MAXZIDE should be used with caution in patients with histo- 
ries of renal lithiasis. Folic Acid Deficiency: Triamterene is a weak folic acid 
antagonist and may contribute to the appearance of megaloblastosis in 
instances where folic acid stores are decreased. In such patients. periodic 
blood evaluations are recommended. Hyperuricemia: Hyperuricemia may 
occur or acute gout may be precipitated in certain patients receiving thiazide 
therapy. Metabolic and Endocrine Effects: The thiazides may decrease serum 
РВ! levels without signs of thyroid disturbance. 

Calcium excretion is decreased by thiazides. Pathological changes in the 
parathyroid gland with hypercalcemia and hypophosphatemia have been 


observed in a few patients on prolonged thiazide therapy. The common compli- — 


cations of hyperparathyroidism such as renal lithiasis, bone resorption, and . 


peptic ulceration have not been seen. Thiazides should be discontinued before 


carrying out tests for parathyroid function. 

Insulin requirements in diabetic patients may be increased, decreased or 
unchanged. Latent diabetes mellitus may become manifest during thiazide 
administration. Hypersensitivity: Sensitivity reactions to thiazides may occur 
in patients with or without a history of allergy or bronchial asthma. 

Possible exacerbation or activation of systemic lupus erythematosus by thia- 
zides has been reported. Drug Interactions: Thiazides may add to or potentiate 
the action of other antihypertensive drugs. 

The thiazides may decrease arterial responsiveness to norepinephrine. This 
diminution is not sufficient to preclude effectiveness of the pressor agent for 
therapeutic use. Thiazides have also been shown to increase responsiveness 
to tubocurarine. 

Lithium, when given with diuretics, reduces renal clearance and increases 
the risk of lithium toxicity. Refer to the package insert on lithium before use of 
such concomitant therapy. » 

Acute renal failure has been reported in a few patients receiving indometha- 
cin and other formulations containing triamteren@and hydrochlorothiazide. 


Caution is therefore advised when administering  лзгего ша anti-inflamma- 
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sential, t e patient should stop nursing. Pediatric Use: The safety 
f MAXZIDE in children has not been established. 
ADVERSE REACTIC 


DNS: Side effects observed in association with the use of 
MAXZIDE include drowsiness and fatigue, insomnia, muscle cramps and 
weakness, headache, nausea, appetite disturbance, vomiting, diarrhea, con- 
stipation, dizziness, decreased sexual performance, shortness of breath and 
chest pain, dry mouth, depression and anxiety. These adverse reactions are 
common to other triamterene and hydrochlorothiazide containing products. 
Other adverse reactions include: 

Hydrochlorothiazide: 

Gastrointestinal: anorexia, gastric irritation, cramping, jaundice (intrahe- 
patic cholestatic jaundice), pancreatitis, sialadenitis. Central Nervous Sys- 
tem: vertigo, paresthesias, xanthopsia. Hematologic: leukopenia, 
agranulocytosis, thrombocytopenia, aplastic anemia, hemolytic anemia, 
megaloblastosis. Cardiovascular: orthostatic hypotension (may be aggravated 
by alcohol, barbiturates, or narcotics). Hypersensitivity: anaphylaxis, purpura, 
photosensitivity, rash, urticaria, necrotizing angiitis (vasculitis, cutaneous 
vasculitis), fever, respiratory distress including pneumonitis. Other: hypergly- 
cemia, glycosuria, hyperuricemia, restlessness, transient blurred vision. 
Triamterene: 

Hypersensitivity: anaphylaxis, photosensitivity and rash. Other: Triamterene 
has been reported in renal stones in association with other calculus mate- 
rials. Triamterene has been associated with blood dyscrasias. Whenever 
adverse reactions are moderate to severe, therapy should be reduced or 
withdrawn. 

DOSAGE AND ADMINISTRATION: The recommended dosage of MAXZIDE is one 
tablet daily with appropriate monitoring of serum potassium levels (see WARN- 
INGS). Patients receiving 50 mg of hydrochlorothiazide who become hypoka- 
lemic may be transferred to MAXZIDE directly. In patients requiring 50 mg of 
hydrochlorothiazide in whom hypokalemia cannot be risked, therapy may be 
initiated with MAXZIDE. There is no clinical experience with doses exceeding 
one tablet daily. 
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annual review of à as 
cardiac imaging 


NEW CONCEPTS IN 
CARDIAC IMAGING 
1985 


Editorial Board: Gerald M. Pohost, M.D., Charles B. Higgins, M.D., Joel Morganroth, M.D., 
James L. Ritchie, M.D., Heinrich R. Schelbert, M.D. 


NEW CONCEPTS IN CARDIAC IMAGING is designed to fully update you on the most cur- 
rent imaging techniques, presenting in-depth analysis of the advances most likely to 
benefit you in your practice. Five specialists edit and review the dynamic area of applica- 
tions for cardiac imaging, and the foremost authorities in the field are invited to con- 
tribute original review articles discussing the latest developments on a yearly basis. 


IN THE PREMIERE 1985 VOLUME YOU'LL DISCOVER... 

e how state-of-the-art NMR imaging improves morphologic evaluation and perfusion 
analysis 

e how Doppler techniques determine the severity of regurgitant valvular lesions 

e why DSA is an optimum technique for imaging regional myocardial perfusion 

e what thallium-201 imaging brings to the standard exercise electrocardiogram 

e the exclusive benefits of echocardiography in diagnosing valvular heart disease 

e why nuclear cardiology is now being used to assess ventricular pump function 
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you complete and return the cancellation notice attached to the announcement and it is received by Year Book within the time indicated (approx- 
imately 20 days after your receipt of the announcement). You may cancel your subscription at any time. The new volume may be examined on ap- 
proval for 30 days, may be returned for full credit, and if returned Year Book will then remove your name as a subscriber. Return postage is 
guaranteed by Year Book to the Postal Service. 
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ing treatment of anginal patients. both the dosage and fre- 
у of application must be gradually reduced over a period of 4 to 6 

to prevent sudden withdrawal Hann. which are characteristic 
lators in the nitroglycerin class. 

| nitroglycerin systems should be removed before attempting 
cardioversion because of the potential for altered electrical 
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-Nitro system is not intended for immediate relief of anginal 
is purpose occasional use of the sublingual preparations 









eadaches are the most common side effect, especially when 
S of the drug are used. These headaches should be treated with 
algesics while Transderm-Nitro therapy is continued. When such 

re unresponsive to treatment, the nitroglycerin dosage should 
or use of the product discontinued. 

eactions reported less frequently include hypotension, in- 

еб heart rate, faintness, пчелар. dizziness, nausea. vomiting, and 
tits These symptoms are attributable to the known pharmacologic 
nitroglycerin, but may be symptoms of overdosage. When they 
‘dose should be reduced or use of the product discontinued. 
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Stems or one Transderm-Nitro 10 system. More systems may be 
ndicated by continued careful monitoring of clinical response. The 
Nitro 2.5 system is useful principally for decreasing the dosage 
y, Though it may provide adequate therapy for some patients when 
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and the effects of therapy upon 01000 pressure. The greatest at- 

decrease in resting blood pressure that is not associated with clini- 
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dosage. To decrease adverse reactions, the size and/or number of 

uid be tailored to the individual patient' 5 needs. 
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parameters were 
usually unchanged 
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patients studied. 


Useful for long-term 
oral therapy. 
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are common, 
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Blood 
pressure 


Cardiac 
output 






LV 
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Adverse Short-term Long-term 
reactions (n= 1,358) (п = 262) 
Lightheadedness/ 
dizziness 8.0 15.3 
Nausea 15.2 14.5 
Paresthesia/ 
numbness 9:9 9.2 
Tremor 2.9 84 
Vomiting 8.3 4.6 
Sweating 5.1 2.3 
Rash 04 84 


Among 1,358 patients in short-term 
and 262 patients in long-term (2 to 6 
months) controlled clinical trials, the 
most common adverse reactions 
were as shown in the chart. These 
were generally mild, transient, dose- 
related, and reversible with reduc- 
tion in dosage, by taking the drug with 
food, or by therapy discontinuation. 
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` TONOCARD usually did not produce ~ 


clinically significant changes in blood ' 
pressure, cardiac output, LV contrac- - 
tility, or heart rate. 


TONOCARD has been used safely ^ 
in patients with acute MI and various ~ 
degrees of congestive heart failure. “ 


It has, however, a small negative 
inotropic effect and can increase 
peripheral resistance slightly. 


TONOCARD should be used 


cautiously in patients with known __ | 


heart failure or minimal cardiac _ 
reserve, particularly if a beta 


blocker is given as well, because .. | 


of the potential for aggravating 
the degree of heart failure. 


TONOCARD can be given initially on 
a convenient а 8 h dosage schedule. 


First-pass hepatic metabolism is neg--- 
ligible, and there are no cardioactive + | 


metabolites. 


TONOCARD is equally effective in 
digitalized and nondigitalized 
patients. No clinically significant 
interaction was seen with digoxin. 


Like other antiarrhythmics, tocainide 
has not been shown to prevent sud- 
den death in patients with serious 
ventricular ectopic activity, and also, 
like other antiarrhythmics, it has 
potentially serious adverse effects 
including the ability to worsen 
arrhythmias. It is therefore essential 
that each patient given tocainide be 
evaluated electrocardiographically 
and clinically prior to and during 
tocainide therapy to determine 
whether the response to tocainide 
supports continued treatment. 


TONOCARD is contraindicated in 
patients who are hypersensitive to 
this product or to local anesthetics of 
the amide type and in patients with 
second- or third-degree atrioventric- 
ular block in the absence of an arti- 
ficial ventricular pacemaker. 
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(Tocainide HC II MSD) 


ce other antiarrhythmics. tocainide has not been shown to 


ану serious adverse effects, including the ability to worsen 
hrrvas. It is therefore essential that each patient given 
ide be evaluated electrocardiographically and clinically 
о. and during. tocainide therapy to determine whether 
esponse to tocamide supports continued treatment. 
JNTRAINDICATIONS: Patients who are hypersensitive to 
s product or to local anesthetics of the amide type. 
Patients with second or third degree atrioventricular block 
absence of an artificial ventricular pacemaker 


poplastic anemia. and thrombocytopenia, possibly dru 
ated. have been reported in patients receiving TON 
RD. Many of these events occurred in patients who were 


int of bruising or bleeding and any signs of infection such 
nded, particularly Guring the first six months of therapy 


1D should be discontinued and appropriate treatment 
id De instituted if necessary Blood counts usually return 


ms within one month of discontinuation (see ADVERSE 


„ое 


tedio patients with atrial flutter or fibrillation (see ADVERSE 
СТОМ) 
ECAUTIONS: General: Pulmonary Fibrosis: Pulmonary 
5, pneumonitis. alvealitis, pulmonary edema, апа 
eumonia, possibly drug related. have been reported in 


din patients who were seriously il. The experiences are 
Sually characterized by bilateral infiltrates on x-ray and are 

ently associated with dyspnea and cough. Fever may or 
y not be present. Patients should be instructed to promptly 
ort the development of any pulmonary symptoms such as 


isable at that ime. if these pulmonary disorders develop. 
uu nO should be discontinued (see ADVERSE REAC. 


in patients with known heart failure or minimal cardiac 
serve, TONOCARD should be used with caution because 
ihe potential tor aggravating the degree of heart tadure 
Caution should be used in the institution or continuation 


G depression of cardiac conductivity — — 
n patients with severe liver or kidney disease. the rate of 


AND ADMINISTRATION) 

: Since antiarrhythmic drugs may be ineffective т patients 
iih hypokalemia, the possibilty of a potassium deficit should 
& explored and. if present, the deficit should be corrected 

^ Like all other oral antiarrhythmics, TONOCARD has been 
гагат lo increase arrhythmias in some patients (see AD- 
“RSE REACTIONS). 

tug interactions: Specific interaction stuches with digoxin 
Aad metoprolol have been conducted, no clinically significant 
teraction was seen with digoxin, but tocainide and metopro- 
i had additive effects on wedge pressure and cardiac index. 
ONOCARD has also been used in open studies with digitalis. 


and diuretics, without evidence of clinically significant 
actions. Nevertheless, caution should be exercised ın the 
i muitipte drug therapy. 
TONO 





і 
CARD 6 equally effective in digitalized and nor 
d patients. in 17 patients with refractory ventricular 
mias on concomitant therapy, serum digoxin levels 
ng/mL) remained in the expected normal range (0.5- 
il) during tocainide administration. 
ісу. Pregnancy Category C: in a teralogerncity study 
s. tocainde was administered orally at doses of 25, 
100 mg/kg/day {арол 1 to 4 times the usual human 
No evidence of a drug-related teratogenic effect was 
ed, however, these doses were maternotoxic and pro 

| а dose-related increase in abortions and stillbirths. in 
itogerscity study in rats, an oral dose of 300 mg/kg/day 
12 times the usual human dose) showed no evidence 
atrment-related fetal malformations. but maternotoxicity 
n increase in fetal resorptions were noted An oral dose 
igikgiday (about twice the usual human dose) did not 
з апу adverse effects. 
production studies in rats at maternotoxic oral doses 
О and 300 mg/kg/day (about 8 and 12 times the usual 
n dose. respectively), dystocia, and delayed parturition 
штей which was accompanied by an increase in stilibirths 
d decreased survival in offspnng during the first week post- 
partum. Growth and viability of surviving offspring were not 
fected lor the remainder of the lactation period. 













int sudden death in patients with serious ventricular ec- 
activity, and also, like other antiarrhythmics, it has poten- 


NINGS: Blood Dyscrasias: Leukopenia, agranulocyto- 


ously ii and who were receiving concomitant drugs Pa- 
s should be instructed to promptly report the develop 


ver, sore throat, or chills. Periodic blood counts аге ec 


y of these hematologic disorders is identified, TONO- 


f rate occurs infrequently when antiarrhythmics are admin- 


tients receiving TONOCARD. Many of these events oc- 


sonal dyspnea, cough or wheezing. Chest x-rays are ad- 


infiarrhythmic therapy in the presence of signs of increas- 


| eimination may be significantly decreased (see DOS- 


a-blocking agents, other antiarrhythmic agents, anticoag- 
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There are no adequate and well-controlled studies in 
pregnant women. TONOCARD should be used during preg- 
nancy only # the potential benefit justifies the potential risk to 
the fetus. | 
Nursing Mothers. His not known whether tocamide is secreted 
in human milk. Because many drugs are secreted in human 
milk and because of the potential for serious adverse reac- 
tions in nursing infants from TONOCARD, a decision should 
be made whether to discontinue nursing or to discontinue the 
drug. taking into account the importance of the drug to the 
mother 
Pediatric Use: Safety and effectiveness in children have not 
been established 


ADVERSE REACTIONS: TONOCARD commonly produces 
minor. transient, nervous sysiem and gastrointestinal adverse 
reactions, but is otherwise generally well tolerated. TONO- 
CARD has been evaluated in both short-term (n = 1,358) and 
long-term (n = 262) controlled studies as well as a compas- 
sionate use program. Dosages were lower in most of the 
controlled studies (1200 mg/day) and higher in the compas- 
sonate use program (1800 mg and more). in long-term (2-6 
months) controlled studies, the most frequent adverse reac- 
tions were lightheadedness/dizziness (15.3 percent), nausea 
(14.5 percent). paresthesia/numbness (9.2 percent), and 
tremor (8.4 percent). These reactions were generally mild, 
transient, dose-related and reversible with a reduction in dos- 
age. by taking the drug with food. or by therapy discontinua- 
tion. Tremor, when present, may be useful as a clinical indicator 
that the maximum dose is being approached. Adverse reac- 
tions leading to therapy discontinuation occurred in 21 рег 
cent of patients in long-term controled trials and were usually 
related to the nervous system Or gastrointestinal system. 

Adverse reactions occurring in greater than one percent 
of patients from the short-term and long-term controlled stud- 
ies appear in the following table: 





Percent of Patients 
Controlled Studies 
Short-term Long-term 
{п = 1358) {= 262) 


NERVOUS SYSTEM 

Lightheadedness/dizziness/ 
vertigo/giddiness 

Paresthesia/numbness 

Tremor/quivering/tremulousness 

Contusion/disonentation/ 
hallucinations 

Altered mood/awareness 

Restiessness/shakiness/ 
nervousness 

Blurred vision/visual 
disturbances 

Discoordination/unsteadiness/ 
walking disturbances 

Anxiety 

Tinnitus/hearing loss 

Ataxia 

Nystagmus 


GASTROINTESTINAL SYSTEM 
Nausea 1 
Vomiting 
Anorexia 
Diarrheafloose stools 


CARDIOVASCULAR SYSTEM 
Hypotension 
Bradycardia 
Palpitations 
Chest pain 
Conduction disturbances 
Left ventricular failure 


OTHER 

Sweating/cold sweat/night sweats/ 
clammy 5 

Headache 2 

Tiredness/drowsiness/Tatigue/ 
lethargy/lassitude/sieepiness 1 

Hotícold feelings 0 

Rash/skin lesion 04 8.4 


An additional group of about 2,000 patients has been treated 
in a program allowing for the use of TONOCARD under com- 
passionate use circumstances. These patients were seriously 
it with the large majority on multiple drug therapy, and com- 
paratively high doses of TONOCARD were used. Fifty-four 
percent of the patients continued in the program for one year 
or longer. and 12 percent were treated for longer than three 
years, with the longest duration of therapy being nine years. 
Adverse reactions leading to therapy discontinuation oc- 
curred in 12 percent of patients (usually central nervous sys- 
tem effects or rash). A tabulation of adverse reactions 
occuring in one percent or more of patients follows: 
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TONOCARD* 
(Tocainide HCI! MSD) 
Percent of Patients © 
Compassionate Use. 
{п = 1927) эт 
NERVOUS SYSTEM 
Lightheadedness/dizziness/ 

vertigo/giddiness 25.3 
Tremor/quivering/tremulousness 216 
Restiessness/shakiness/ 

nervousness 115 
Contusion/disorientation/ 

hallucinations 11.2 
Altered mood/awareness 110 
Ataxia 10.8 
Blurred vision/visual disturbances 100 
Paresthesia/numbness 9.2 
Nystagmus 1.1 

GASTROINTESTINAL SYSTEM 
Nausea 24.6 
Anorexia 13 
Vomiting 90 
Diarrhea/lbose stools 68 
CARDIOVASCULAR SYSTEM 
increased ventricular arrhythruas/ 

PVCs 10.9 
CHF progression of CHF 40 
Tachycardia 3.2 
Hypotension 18 
Conduction disturbances 13 
Bradycardia 10 

OTHER 
Rash/skin lesion 122 
Sweating/cold sweat/night sweats/ 

clammy 83 
Arthritis/arthralgia 47 
Муаіса 17 
Lupus 16 


Adverse reactions occurring in less than one percent of pas 
tents in either the controlled studies or the compassionate <. 
use program are as follows: ү 

Nervous System: Coma, convulsions/seizures. бергез- 
зоп. psychosis, mental change, agitation, altered taste/smell, 
difficulty concentrating. diplopia. dysarthria, impaired mem: 
огу, increased stuttering/slurred speech. insomnia/sleepins 
disturbance, local anesthesia, nightmares. thirst, weaknes 
myasthenia gravis. ү: 

Gastrointestinal System: Abdominal pain/discomfart, ` 
constipation, dysphagia. gastrointestinal symptoms (includ- — 
ing ү мдөн 

ardiovascular System: Ventricular tibnilation, extension . 
of acute myocardial infarction. cardiogenic shock, angina, AV ` 
block, hypertension, increased QRS duration, pleunsy/peri 
carditis, prolonged QT interval, right bundle branch block. 
syncope. vaso-vagal episodes, cardiomegaly. sinus arrest. i 

Pulmonary System: Respiratory arrest, pulmonary edema, 
puimonary embolism, pulmonary fibrosis. alveolitis, pneu- > 
monia, pneumonitis, dyspnea, Es 

Other: Hematologic disorder (agranulocytosis, hypo- ~i 
plastic anemia, anemia, leukopema, thrombocytopenia), in- 2. 
creased ANA, urinary retention, potyuna/increased diuresis, À 
alopecia, cinchonism, claudication, cold extremities, dry ©: 
mouth, earache, edema, fever hiccups. itching, leg cramps. o 
Malaise. metallicC/menthol taste, muscie twitching/spasm, neck. . 
pain, pain radiating from neck, pallor/fiushed face, pressure 
on shoulder, yawning. 

Leukopenia, agranulocytosis, hypoplastic anemia, and 
thrombocytopenia, possibly drug related. have been re- > 
ported (010 percent) in patients receiving TONOCARD in .— 
controlled trials and the compassionate use program. These 
hematologic disorders usually occurred after 2-12 weeks of 
therapy and two patients died. These events usually occurred 
in seriously ill patients who were recerving concomitant drugs 
known to be associated with hematologic disorders {see 
WARNINGS) 

Pulmonary fibrosis, pneumonitis, alveolitis, pulmonary. 
edema, and pneumonia. possibly drug related, have been. 
reported in patients receiving TONOCARD. The incidence 
of pulmonary fibrosis was 0.03 percent in controlled riais 
and the compassionate use program. These events usually. <°- 
occurred in seriously ill patients. Symptoms of these pumo. 
nary disorders and/or x-ray changes usually occurred follow. ^ 
ing 3-18 weeks of therapy and two patients died (see 
PRECAUTIONS). 


HOW SUPPLIED: Tablets containing 400 mg or 600 mgin ~ 
bottles of 100 and unit-dose packages of 100. I 


For more detailed information, consult your MSD Repre- 
sentative and the Prescribing information. Merck Sha 
оте Division of Merck & Co., isc., West Point 
19486. | : 
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This volume is aimed at providing clinicians with the physiologic and pharmacologic background necessary to 


. fectively and efficiently create and administer drug therapy regimens for their patients who suffer heart failure. All e 
меге made to ensure that the timeliness of each chapter, prepared by internationally respected clinicians and med 

` scientists, would not be compromised by delays in publication. Consequently, this book presents the very latest | 

` ing on the utilization of drug therapy for heart failure and contains many references as recent as 1982 and 1983. 

` book is highly recommended to all physicians presently treating patients with heart failure. | x 
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ribing or administering, see package circular for full 
formation. The following is a brief summary. 


NDICATIONS AND USAGE 

(pindolol) is indicated in the management of hyperten- 
may be used alone or concomitantly with other anti- 
isive agents, particularly with a thiazide type diuretic. 


ONTRAINDICATIONS 

ndolol) is contraindicated in: 1) bronchial asthma: 

rt cardiac failure; 3) cardiogenic shock; 4) second and 
egree heart block; 5) severe bradycardia; (see Warnings). 


WARNINGS 
allure: Sympathetic stimulation may be a vital compo- 
porting circulatory function in patients with congestive 
ure, and its inhibition by beta-blockade may precipitate 
те failure. Although beta-blockers should be avoided 
congestive heart failure, if necessary, Visken (pindolo!) 
id with caution in patients with a history of failure who 
mpensated, usually with digitalis and diuretics. Beta- 
‘blocking agents do not abolish the inotropic action of 
heart muscle. 


Without A History of Cardiac Failure: in patients 
cardiac insufficiency, continued depression of the 
idium with beta-blocking agents over a period of time 

me cases lead to cardiac failure. At the first sign or 

1 of impending cardiac failure, patients shouid be fully 

d and/or be given a diuretic, and the response observed 
ardiac failure continues, despite adequate digitaliza- 
uretic, Visken (pindolol) therapy should be withdrawn 
aliy if possible). 


ition of ischemic Heart Disease Following Abrupt 
rawat: Hypersensitivity to catecholamines has been 
jn patients withdrawn from beta-blocker therapy: 
xacerbation of angina and, in some cases, myocardial infarc- 
have occurred after abrupt discontinuation of such may 
continuing chronically administered Visken (pindolol), 
Culary in patients with ischemic heart disease, the dosage 
но be gradually reduced over a period of one to two weeks 
the patient should be carefully monitored. If angina mark- 
Sens or acute coronary insufficiency develops, Visken 
) administration should be reinstituted promptly, at least 
orarily, and other measures appropriate for the manage- 
of unstable angina should be taken. Patients should be 
gainst interruption or discontinuation of therapy 
physician's advice. Because coronary artery disease 
and may be unrecognized, it may be prudent not to 
ntinue Visken (pindolol) therapy abruptly even in patients 
d only for hypertension. 


йе Bronchospasm (5.0. chronic bronchitis, emphy- 

tients with Bronchospastic Diseases Should in 

êt Receive Beta-Blockers: Visken (pindolol) should be 

stered with caution since it may block bronchodilation 

uced by endogenous or exogenous catecholamine stimula- 
fa. receptors. 


urgery: Because beta blockade impairs the ability of the 
spond to reflex stimuli and may increase the risks of 

nesthesia and surgical procedures, resulting in 

d hypotension or low cardiac output, it has generaily 

gested that such therapy should be withdrawn several 

tor to surgery. Recognition of the increased sensitivity to 

jolamines of patients recently withdrawn from beta-biocker 

y, however, has made this recommendation controversial. 

sible, beta-blockers should be withdrawn well before 

akes place. in the event of emergency surgery, the 

ologist should be informed that the patient is on beta- 

erapy. The effects of Visken® (pindolol) can be 

by administration of beta-receptor agonists such as 

nol, dopamine, dobutamine, or jevarterenol. Difficulty 

Tarting and maintaining the heart beat has also been 

ted with beta-adrenergic receptor blocking agents. 


tes and Hypoglycemia: Beta-adrenergic blockade may 
he appearance of premonitory signs and symptoms 
са and blood pressure changes) of acute hypo- 
This is especially important with labile diabetics. Beta- 
& also reduces the release of insulin in response to 
ретїа; therefore, it may be necessary to adjust the 
diabetic drugs. 


sasis: Beta-adrenergic blockade may mask certain 

aS (8.0., tachycardia) of hyperthyroidism. Patients 
of developing thyrotoxicosis should be managed 

9 avoid abrupt withdrawal of beta-blockade which 
cipitate a thyroid crisis. 

TIONS 

d Renal or Hepatic Function: Beta-blockíng agents 
used with caution in patients with impaired hepatic or 
tion. Poor renal function has only minor effects on 
ndolol) clearance, but poor hepatic function may 

ood levels of Visken (pindolol) to increase substantially. 


for Patients: Patients, especially those with 

f coronary artery insufficiency, should be warned 

erruption or discontinuation of Visken (pindolol) 

without the physician's advice. Although cardiac failure 
in properly selected patients, patients being 

with beta-adrenergic blocking agents should be advised 

ult the physician at the first sign or symptom of impend- 
ure. С 


leractions: Catecholamine-depleting drugs (e.g., 
may have an additive effect when given with beta- 
‚ Patients receiving Visken (pindolol) pius a 
leting agent should, therefore, be closely 
0 пур lor. marked 
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Visken (pindolol) has been used with a variety"of antihyperten- 
sive agents, including hydrochiorothiazide. hydralazine, and 
guanethidine without unexpected adverse interactions. 


Carcinogenesis, Mutagenesis, impairment of Fertility: in 
chronic orat toxicofogic studies (опе to two years) in mice, rats, 
and dogs, Visken (pindolol) did not produce any significant toxic 
effects. In two-year ога! үе Studies in rats and mice 
in doses as high as 59 mg/kg/day and 124 mg/kg/day (50 and 
100 times the maximum recommended human dose), respec- 
tively, Visken (pindoiol) did not produce any neoplastic, preneo- 
plastic, or nonneoplastic pathologic lesions. in fertility and 
general reproductive performance studies in rats, Visken 
{pindolol) caused no adverse effects at a dose of 10 mg/kg. 


In the male fertility and general reproductive performance test 
in rats, definite toxicity characterized by mortality and decreased 
weight gain was observed in the group given 100 mg/ kg/day. 

At 30 mg/kg/day, decreased mating was associated with 
testicular atrophy and/or decreased spermatogenesis, This 
response is not clearly drug related, however, as there was no 
dose response relationship within this experiment and no similar 
effect on testes of rats administered Visken (pindolol) as a 
dietary admixture for 104 weeks. There appeared to be an 
Increase in prenatal mortality in males given 100 mg/kg but 
development of offspring was not impaired. 


In females administered Visken (pindolol) prior to mating 
through day 21 of lactation, mating behavior was decreased at 
100 mg/kg and 30 mg/kg. At these dosages there aiso was 
increased mortality of offspring. Prenatal mortality was 
increased at 10 mg/kg but there was not a clear dose response 
relationship in this experiment. There was an increased resorp- 
tion rate at 100 mg/kg observed in females necropsied on the 
15th day of gestation. 


Pregnancy— Category B: Studies in rats and rabbits exceeding 
100 times the maximum recommended human doses. revealed 
no embryotoxicity or teratogenicity. Since there are no adequate 
and weil-controlied studies in pregnant women, and since 
animai reproduction studies are not always predictive of human 
response, Visken (pindolol), as with any drug, should be 
employed during pregnancy only if the potential benefit justifies 
the potential risk to the fetus. 


Nursing Mothers: Since Visken (pindolol) is secreted in human 
Hs nursing should not be undertaken by mothers receiving 
the drug. 


Pediatric Use: Safety and effectiveness in children have not 
been established. 


CLINICAL LABORATORY 

Minor persistent elevations in serum transaminases (SGOT, 
SGPT) have been noted in 796 of patients during Visken (pindo- 
lol) administration, but progressive elevations were not observed 
and liver injury has not been reported in the medical literature 
over a ten (10) year period of marketing. Alkaline phosphatase, 
lactic acid оа (LDH) and uric acid are also elevated 
on rare occasions. The significance of these findings is unknown. 


ADVERSE REACTIONS 

Most adverse reactions have been mild. The incidences listed in 
the following table are derived from 12 week comparative 
double-blind, parallel design trials in hypertensive patients given 
Visken (pindoiol) as monotherapy, given various active control 
drugs as monotherapy. or given placebo. Data for Visken 
(pindolol) and the positive controls were pooled from several 
trials because no striking differences were seen in the individual 
Studies, with one exception. The frequency of edema was 
noticeably higher in positive control trials (1696 Visken (pindolo!) 
vs 9% positive control) than in placebo controlled trials {6% 
Visken (pindolof) vs 3% placebo). The table includes adverse 
reactions reported in greater than 2% of Visken (pindoiol) 
patients and other selected important reactions. 


Total (Volunteered and Elicited) 
Visken Active 


indaigl 
(N= 322) 
% 


——— 


Placebo 
{Н = 78) 
% 


controis” 
Body System/ (N ҮР 


Adverse Reaction 


Central Nervous System — 
Anxiety 4 
Bizarre or Many Dreams 8 
Dizziness 17 

Fatigue p 

9 
3 
1 
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Hallpcinations 

insomnia 1 
Lethargy 

Nervousness 1 
Weakness 


Autonomic Nervous System 
Paresthesia 5 
Visual Disturbances 4 


Cardiovascular 
Dyspnea 9 8 
Edema 11 9 
Heart Failure 2 < 1 
2 2 
3 5 


— 
A» US Ф М) Со Ко COO CD ن‎ 


A 0o 


Paipitations 
Weight Gain 


Musculo-Skeletat 
Chest Pain § 3 
Joint Pain 11 5 
Muscle Cramps 8 с 
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Muscie Pain 12 1 
Gastrointestinal 

Abdominal Discamiort 

Nausea 
Skin 
Pruritus 
Rash > 
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is: Patients received either propranolol, «-methyldopa 
uretc (hydrochloro € or chlorthalidone).-. 
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The following selected (potentially important) adverse reactic 
were seen in 2% or fewer patients and their relationship to 
Visken (pindolol) is uncertain. AUTONOMIC NERVOUS SYSTE 
hyperhidrosis; CARDIOVASCULAR: bradycardia, claudication 
cold extremities, heart block, hypotension, угор tachyce 
dia; GASTROINTESTINAL: diarrhea, vomiting; RESPIRATORY 
wheezing: UROGENITAL: impotence, pollakiuria; MISCELLAA 
OUS: eye discomfort or burning eyes. 


POTENTIAL ADVERSE EFFECTS 

in addition, other adverse effects not listed above have been 
reported with other beta-adrenergic blocking agents and shot 
be considered potential adverse effects of Visken (pindoiol). 


Central Nervous System: Reversible mental depression 
en to Catatonia; an acute reversible syndrome chara 
terized by disorientation for time and place, short-term mem: 
loss, emotional lability, slightly clouded sensorium, and 
decreased performance on neuropsychometrics. 


Cardiovascular: Intensification of AV biock. See 
CONTRAINDICATIONS. 


Allergic: Erythematous rash; fever combined with aching ant 
Sore throat; laryngospasm; respiratory distress. 


Hematologic: Agranulocytosis; thrombocytopenic and non- 
thrombocytopenic purpura. 


Gastrointestinal: Mesenteric arterial thrombosis; ischemic 
colitis. 


Miscellaneous: Reversible alopecia: Peyronie's disease. 


The oculomucocutaneous syndrome associated with the beta- 
blocker practolot has not been reported with Visken (pindolol) 
during investigational use and extensive foreign experience 
amounting to over 4 million patient-years. 


OVERDOSAGE 

No specific information on emergency treatment of overdosa( 
is available. Therefore, on the basis of the pharmacologic 
actions of Visken (pindolol). the following general measures 
should be employed as appropriate in addition to gastric lavat 


Excessive Bradycardia: administer atropine: if there is no 
response to vagal blockade, administer isoproterenol cautious 


Cardiac Failure: digitalize the patient and/or administer diuret 
it has been reported that glucagon may be useful in this 
Situation. 


Hypotension: administer vasopressors, e.g., epinephrine or 
levartereno!, with serial monitoring of blood pressure. (There 
evidence that epinephrine may be the drug of choice.) 


Bronchospasm: administer a beta, stimulating agent such as 
isoproterenol and/or a theophylline derivative. 


A case of an acute overdosage has been reported with an intal 
of 500 mg of Visken (pindolol) by a hypertensive patient. Bloo: 
pressure increased and heart rate was > 80 beat/min. Recove 
was uneventful. in another case 250 mg of Visken (pindolol) w 
taken with 150 mg diazepam and 50 mg nitrazepam, producini 
coma and hypotension. The patient recovered in 24 hours. 


DOSAGE AND ADMINISTRATION 

The dosage of Visken (pindolol) should be individualized. The 
recommended initial dose of Visken (pindolol) is 5 mg b.i.d. 
alone or in combination with other antihypertensive agents. Ar 
antihypertensive response usually occurs within the first week 
treatment. Maximal response, however, may take as long as 01 
occasionally longer than two weeks. If a satisfactory reductior 
in blood pressure does not occur within 3-4 weeks. the dose 
may be adjusted in increments of 10 mg per day at thee 
intervals up to a maximum of 60 mg per day. 


HOW SUPPLIED 

White, round, scored tablets: 5 то and 10 mg, packages of 
100. 5 mg tablets embossed "VISKEN 5" on one side, and 
“78-111” and scored on other side (NOC 0078-0111-05). 10 mi 
tablets embossed "VISKEN 10" on one side, and “78-73” and 
scored on other side (NDC 0078-0073-05). 
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When you're 
asked about 
Visken therapy 
you'll want 
: . to have 

____ the answers. 
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Two-dimensional echocardiography (2-D echo) of 
the left main coronary artery (LMCA) was attempted 
in 50 patients undergoing arteriography to evaluate 
2-D echo for recognition of significant stenosis of the 
LMCA. Although the echocardiographer was ex- 
perienced and used rigorous technique, visualization 
of the LMCA adequate for making a judgment re- 
garding lumen reduction was possible in only 37 
patients (7496). Of the 10 studies with suspected 
positive findings for LMCA stenosis by 2-0 echo, 4 
` yielded true-positive and 6 false-positive results. A 
study from 1 other patient with LMCA stenosis by 

angiography was erroneously interpreted as nega- 
tive by 2-D echo. Analysis of arteriograms in the 6 
patients with false positive 2-D echo readings failed 





Significant atherosclerotic disease of the left main 
coronary artery (LMCA) carries a poor prognosis unless 
coronary artery bypass surgery is performed.!-9 'The 
expectation of a severe stenosis of the LMCA would be 
useful at the time of coronary arteriography both to help 
direct early angiographic views toward confirming or 
excluding this diagnosis, and also to alert the operator 
to the increased risk of the procedure in patients with 
LMCA stenosis.7-!? Many attempts have been made to 
arrive at a noninvasive method for identifying patients 
most likely to have an LMCA lesion. History, physical 
examination, electrocardiography and exercise testing 
all have proved unreliable clinically.^*7-19 The use of 
2-dimensional echocardiography (2-D echo) to visualize 
the LMCA and to assess its patency, has been advocated 
by several investigators.!!-!? We undertook this study 
to evaluate the clinical usefulness, ease and reliability 
of 2-D echo of the LMCA in a group of patients under- 
going coronary arteriography for suspected athero- 
sclerotic coronary disease. 
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to implicate significant proximal left an 
scending artery narrowing as the cause of 
Although 2-D echo was correct in indic 
presence or absence of LMCA stenosis i 
patients, and the predictive value of a negati 
echo response was 96%, the noninvasiv 
appears to be inadequate as a screeni 
Widespread use of the procedure is limi! 
26 % failure rate for adequate studies in exp 
hands, and the implications of the o 
false-negative finding. If LMCA stenosis is. 
by 2-D echo in a patient who needs artei 
the special care given to this. possibility b 
teriographer should not harm the patient 
(Am J Cardiol 1985; 55: 9: 


Methods 


Patients: Fifty patients referred to our institu 
coronary arteriography for suspected coronary artery 
comprised the group under study. While not a con: 
series of all patients, these were all recruitable pati à] 
the primary investigator was available for data collecti 
of these patients may have been referred to us bece 
high suspicion of a LMCA lesion and our recognized: 
in this entity. Only patients with clinically appare 
cant aortic stenosis and those with prior aortic 
placement were excluded, because of the anticipated 
in clearly imaging the aortic root in these patients.) 
were 41 men and 9 women, aged 35 to 75 years (mea 

Echocardiography: Echocardiography was pe 
by 1 investigator within 48 hours of coronary arte 
This investigator had more than 1 year of training in 2-] 
before this study began. A commercially available, elec 
phased-array sector scanner (Hewlett Packard 770 ) 
used with a 2.5- or 3.5-MHz transducer. Patients were 
placed in the 30° left lateral decubitus position and. 
parasternal short-axis view of the aortic root was 
Superior-inferior angulation and rotation of the tra 
was performed to locate the LMCA. If this was uns 
the transducer was moved more laterally or inferio 
chest wall and the process was repeated. This was: 
until the coronary artery was visualized or until th 
had reached a standard apical 4-chamber . 
difficulty was encountered, the elect li 
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TABLE! Echocardiographic and Angiographic Data 
Echocardiogram (n — 37) 
Positive Negative 
Angiogram 
Positive 4 1 
Negative 6 26 
Echocardiographic 
Sensitivity 80 96 
Specificity 81% 
Positive predictive accuracy 40% 
Negative predictive accuracy 96% 


ticular point in the cardiac cycle with updating of the image 
with each cycle. Adequate visualization of the LMCA was 
considered accomplished if 2 parallel echoes, with a relatively 
echo-free space between them, were seen to emerge from the 
area of the left coronary aortic sinus (Fig. 1 and 2). Generally, 


а discontinuity in the wall of the aortic root was seen at the 


origin of the artery, but this alone was not considered adequate 
for assessment using modern equipment. Echocardiographic 
evidence of stenosis was defined qualitatively as an area of 


_ apparent luminal narrowing, usually as a result of high-in- 





tensity echoes, with visualization of a larger lumen beyond 





FIGURE 1. Echocardiogram of a normal left main coronary artery— 
short-axis view of the aortic root (AO) showing the parallel walls and 
- .. echo-free lumen of the left main coronary artery (LCA) as it arises from 

_ the left coronary sinus (white arrow). The dynamic study revealed that 
the space anterior to the LCA did not arise from the aortic root. PA — 
pulmonary artery. 





FIGURE 2. Two-dimensional echocardiographic image of a normal left 
main coronary artery. Non-standard short-axis view of the aortic root 


— (AO) to optimize visualization of both the left main coronary artery (LCA) 
arising from the left coronary sinus (white arrow) and its bifurcation, 


better seen in the dynamic study. LA = left atrium; PA = pulmonary 
artery. 
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that area. Studies showing high-intensity echoes in the area 
of the LMCA but not clearly associated with luminal nar- 
rowing were not considered positive for LMCA disease. The 
echocardiograms were interpreted by both investigators, by 
consensus, while both were blinded to the results of coronary 
arteriography. 

Coronary arteriography: Coronary arteriography was 
performed by standard catheterization techniques using the 
Judkins femoral artery approach!? and were interpreted in- 
dependently by a separate group of physicians without 
knowledge of the involvement of the patient in our study. 
Significant stenosis of the LMCA was defined as a 5096 or 
greater, luminal diameter narrowing corresponding to an 
approximately 70% narrowing of the luminal cross-sectional 
area. 

Statistical analysis: Standard methods were used for 
calculation of sensitivity, specificity, positive predictive ac- 
curacy and negative predictive accuracy.1? 


Results 


Coronary arteriography: Coronary arteriography 
was successfully performed in all 50 patients. Significant 
stenosis of the LMCA, as previously defined, was 
present in 8 patients. Seven of the remaining 42 patients 
had no significant coronary artery narrowings. 

Echocardiography: The LMCA was successfully 
imaged by echocardiography in 37 of the 50 patients 
studied (74%). In patients with a significant stenosis of 
the LMCA, the success rate was slighlty lower, with only 
5 of 8 yielding adequate images; 5 of 7 patients with 
normal coronary arteries produced adequate images. 

A 2-D echocardiogram interpreted as positive for 
significant narrowing of the LMCA was noted in 10 of 
the 37 patients with adequate images (Table I). Four of 
these 10 were true positive, as defined by the coronary 
arteriogram (Fig. 3), and 6 were false positive (Fig. 4). 
Of the remaining 27 studies considered adequate for 
interpretation and negative for significant disease of the 
LMCA, 1 was false negative, with a significant LMCA 
stenosis noted on the arteriogram (Fig. 5). Thus, of these 
37 patients, 4 of 5 with LMCA stenosis and 26 of 32 
without LMCA stenosis were correctly assessed by the 
echocardiogram. 





stenosis. The origin of the left main coronary artery (LCA, white arrow) 
from the aortic root (AO) is seen. High intensity echoes from the stenosis 
are observed impinging on the lumen of the vessel. Its bifurcation is 
seen beyond this point. LA — left atrium; PA — pulmonary artery; RCA 
— right coronary artery. 


Significant stenosis of the proximal left anterior de- 
scending coronary artery was present in 9 of the 26 pa- 
tients (35%) without echocardiographic or angiographic 
evidence of LMCA disease, while 4 of the 6 patients with 
a false-positive 2-D echocardiogram for LMCA stenosis 
had a lesion in this anterior descending vessel. However, 
subsequent review of the coronary arteriograms from 
these 4 patients showed that in all but 1 case, the lesion 
in the left anterior descending vessel was surely too 
distal to coincide with the location predicted by the 
echocardiogram. All 6 patients with false-positive 
echocardiographic results did have at least 1 significant 
coronary artery lesion. 


Discussion 


Several investigators have reported the feasibility of 
imaging the LMCA and assessing the presence of sig- 
nificant stenoses using 2-D echo.!!-!” However, few 
laboratories have reported on the use of this technique 
and the method has not achieved widespread use. Cer- 
tainly the establishment of this noninvasive method as 
a reliable screening test to either identify or exclude 
significant atherosclerotic disease of the LMCA may 
have clinical importance. Few patients undergo coro- 
nary arteriography solely to rule out LMCA disease and 
even fewer are undergoing it for this reason alone be- 
cause of the emerging recognition of improved survival 
after coronary artery bypass graft surgery in patients 
with 3-vessel coronary artery disease.?? Nevertheless, 
there probably will remain a subset in whom this spe- 
cific question is important, and in these patients a re- 
liable noninvasive screening test is needed. A strong 
suspicion of LMCA stenosis is also important infor- 
mation for the coronary arteriographer both because of 
the increased morbidity and mortality of that procedure 
in such patients?-1? and because of its influence on the 
choice of the early arteriographic views obtained. There 
are several significant differences between our results 
and those previously reported, although most of the 
findings are similar. 

The yield of adequate images of the LMCA by echo 
ranges from 57% to 99%!2:1%:15.17 and Rogers imaged this 
vessel in its entirety in only 70% of cases in vitro.!6 Our 





FIGURE 4. False-positive echocardiographic findings for a left main 
coronary artery (LCA) stenosis. The LCA arises (white arrow) from the 
aortic root (AO). An area of high-intensity echoes is observed near the 
origin of this vessel, which was interpreted as an LCA stenosis. The 
arteriogram showed no lesion. PA — pulmonary artery. 


yield of 74% is at the expected level. The rate of false- 
negative 2-D echocardiograms for LMCA stenosis 


ranges from 0 to 2596.12.13.15.17 The current test sensi- - 


tivity of 80% again is similar to most of these previously 
reported results. The occurrence of false-positive 2-D 
echocardiograms ranges from 0 to 596,12.13.15.17 while we 


had a considerably higher incidence of false-positive _ 


results (19%) leading to a specificity of 81%. The reason 


for this is unclear. Some investigators have described : 


the presence of proximal left anterior descending artery 


lesions as a possible source of false-positive echocardio- — 
graphic results.1?:15.17 Although the occurrence of a - 


stenosis in this vessel was more common in our patients 
with false-positive results than in those patients cor- 


rectly assessed as being free of LMCA disease, the an- _ 
giographic location of the stenosis in most cases was - 
judged too far distal to account for the false-positive 2-D 


echocardiograms obtained. 
Limitations and implications: The patient in our 


ж 
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study who was incorrectly assessed as having no sig- | 


nificant LMCA disease by the 2-D echo when such a 
lesion was present on the arteriogram was the first pa- 
tient with LMCA stenosis encountered in our review of 
the cases. The effect of experience in both performing 


=< 


and interpreting echocardiographic examinations of this — 
vessel is clear. The ease of imaging the LMCA, and . 


probably the reliability of the interpretation of the 


study, improves with experience. This fact must be ~ 
recognized by anyone beginning to use the echocardi- — 


ogram for this purpose. We found the use of the ECG- 


triggered frozen-frame analysis during the study to be - 


of little use in improving our diagnostic yield. 

'The most significant limitation of this method stems 
from the large proportion of patients in whom adequate 
images of the aortic root and LMCA cannot be obtained. 
'Twenty-six percent of our subjects could not be assessed 
for this reason despite our rigorous examination tech- 
nique using many transducer positions and views. Also, 
our 1 patient with false-negative findings is of concern 
because this patient represented 20% of our group with 





FIGURE 5. False-negative echocardiographic results for a left main - 


coronary artery stenosis. The left coronary artery (LCA) arises (white 


arrow) from the aortic root (AO). No area of high-intensity echoes was - 


seen impinging on the lumen and the study was interpreted as negative 
for left main coronary artery stenosis. The arteriogram demonstrated 
a severe tubular narrowing in this vessel. PA — pulmonary artery; LA 
= left atrium. 






































udies are of less concern because coronary 
aphy generally would be performed in these 
в anyway and special attention to the left coro- 
tium during catheterization would do no harm 
patients in this group. 
neral, 2-D echo may be a reasonable tool for ex- 
ig significant stenosis of the LMCA, since 26 of the 
tients in whom the 2-D echo revealed no narrow- 
th true negatives. If this test was used only in a 
lected group with very high prevalence of LMCA 
ase, then the accuracy of a negative test would be 
ed to fall below the 96% value found in the 
nt study. However, the high percentage of false- 
e studies, the potential for false-negative studies 
he significant effect of experience on the inter- 
ion of these studies are severe limitations of 
ardiography as a screening test for LMCA disease. 
'ardiography may be a useful adjunct to coronary 
ography, however, because it may alert the ar- 
grapher to the potential presence of a LMCA 
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Anglographicailly documented coronary artery dis- 
ease (CAD) can progress. Although progression it- 
self is frequently recognized in patients who have 
undergone repeat cardiac catheterization, its 
prognostic significance remains unclear. To evaluate 
` the influence of progression on survival, 313 patients 

with CAD who underwent catheterization twice (39 
+ 25 months apart) were followed for 3 to 129 
. months (mean 41 + 30) after the second angiogram. 
At the time of the second angiogram, 21, 91, 113 
and 88 patients had 0-, 1-, 2- and 3-vessel CAD, 
respectively. The mean ejection fraction (EF) of the 
group was 55 + 13%. Progression was noted in 139 
patients (4496). Of the 313 patients, 33 died and 39 
had acute myocardial infarction (AMI) during fol- 
low-up. Four-year survival was estimated at 94% 
and 83% in the nonprogression and progression 
groups, respectively. Progression was predictive of 
survival by (univariate) log-rank test (p «0.01), but 














The state of our knowledge on survival in coronary ar- 
tery disease (CAD) is based on univariate! and multi- 
variate: analyses of series of patients. Clinical (age? 
and worsening angina?), electrocardiographic (ven- 
tricular arrhythmias??) and angiographic (number of 
diseased vessels,'-? ejection fraction [EF]? and left main 
coronary artery stenosis'-?) characteristics carry in- 
formation on survival. 

The angiographic variables in these studies are con- 
sidered as fixed. In a previous study, Bemis et al? 
showed that patients with progressive CAD were at 
higher risk of subsequent death. Little attention was 
given to this problem since their report. The present 
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only EF (p <0.001), imber ч diseased \ ves 3 
<0.01) and percent stenosis in the left тай 
nary artery (р <0.05) were independently sig 
by (multivariate) Cox regression analysis. 

Four-year survival without AMI was 89 
73% in the nonprogression and progression 
respectively. Progression was related to s 
without AMI (p <0.001) by log-rank test. 
gression analysis provided 3 independent pre 
of survival without AMI: number of diseased 1 
(p <0.01), progression (p <0.01, relative 
2.28) and EF (p <0.01). Results were simila 
analyzing only the 39 AMIs. Thus, for predic 
AMI, progression adds significant informatio 
yond the current status of coronary anatomy at 
ventricular function; patients with progressive 
are at high risk of AMI. 





(Am J Cardiol 1985;55:941 





investigation was designed to assess the indepe | 
prognostic significance of CAD progression in. 
series of patients, when taking into account othe 
portant baseline characteristics. 


Methods 


Patients: From January 1, 1970 to May 1, 1982, 313; pa 
underwent 2 cardiac catheterizations at our inst: 
without previous interim coronary bypass surgery or cor 
angioplasty. The second angiogram was performed | 
sistent stable angina (181 patients), unstable angina 
tients), research protocol (40 patients), recent аси 
cardial infarction (AMI) (15 patients) or multiple reas 
patients). The interval between the 2 studies varied b 
3 and 118 months (mean 39 + 25). The presence of at 
50% or greater diameter reduction of a major corona 
at the time of the first angiogram was a requirere 
clusion in this study. 

Clinical and angiographic data: Pio 
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С 263 (84%) 
myocardial infarction 176 (56%) 
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91 (2996) 
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fraction (%) 55 + 13 
'icular aneurysm 27 (996) 
iseased coronary arteries 
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nadian Cardiovascular Society definition (see reference 13). 
ients with 0-vessel disease had at least 1 segment initially 
by at least 50% but less than 70%. 


r glutamic oxaloacetic transaminase enzyme levels to 
he upper normal limit; and (3) characteristic, evolving 
hanges or appearance of new Q waves. The angina 
mal class was evaluated according to the Canadian 
vascular Society definition. 

nary arteriography was performed using previously 
jed techniques." The coronary angiograms were ana- 
n the 15-segment coding system of the American Heart 
tion®; the percent luminal diameter stenosis was noted 
segment. Disposition between 1-, 2- or 3-vessel disease 
was based on the presence of a 70% or greater diameter 
ing for each of the 3 main coronary vessels; patients 
8s than 70% but at least 50% diameter narrowings 
rate CAD according to the Coronary Artery Surgery 
dy [CASS] definitions?) were counted as having 0 diseased 
ary arteries. Left ventriculography was performed in the 
ht anterior oblique projection; EF was computed by 
a-length method; the left ventricular contour was di- 
nto 5 segments; the motion of each segment was 
zed as normal, hypokinetic, akinetic or dyskinetic 
rysmal). 
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necusly оа progre as i nsus 
of 3 observers on the following criterial0-12 a 20% or greater i 
increase in stenosis in a segment initially narrowed by at least 
50%; a 30% or greater increase in a segment with an ini- 
tial obstruction of less than 50%. Occlusion-—-100% obstruc- 
tion of a previously patent segment— was considered 
separately.!! 

Follow-up: Time 0 for follow-up was defined as the day of 
the second cardiac catheterization (Fig. 1). Sudden death was 
defined as death that occurred within 1 hour after the onset 
of the symptoms,!? in the absence of the autopsy evidence of 
very recent AMI. Criteria for AMI that occurred during fol- 
low-up were the same as those for previous MI? However, 
criteria for perioperative AMI was based on electrocardio- 
graphic evidence only.!4 Death that occurred from acute heart 
failure without AMI was considered separately. Follow-up 
was completed for 312 of 313 patients for the vital status 
(99.7%); for 307 of 313 patients for the nature of any hospi- 
talization (98%); and for 31 of 33 deaths for the mechanism 
of death. 

Statistical analysis: Survival curves were compared by 
log-rank test for discrete variables and Cox's regression model 
with one Û parameter for continuous variables.!9 Variables 
significant by univariate analysis were jointly analyzed by 
Cox's regression, which models the probability of survival S(t) 
at time t by: 


S(t) = [So(t)exp(x), 


where x is the vector of variables included in the model. The 
Bi coefficients of Cox's model allow the computation of a rel- 
ative risk (supposed constant over time: “proportional hazard 
model") for the occurrence of the analyzed events. Partial 
likelihood approach was used for calculations.” Models were 
compared using a likelihood ratio test. 

The analyses were repeated for prediction of death, sudden 
death, AMI (fatal or nonfatal) and survival without AMI. In 
the latest analysis, the first occurring event, AMI or death, was 
considered. 


Results 


At the time of the second cardiac catheterization, 
most of the patients were symptomatic (Table I). CAD 
progression was documented in 44% of the patients. 
After the second angiogram, coronary bypass surgery 
was performed in 116 patients, and 197 patients were 
treated medically. 

Thirty-three patients died during the 3- to 129-month 
(mean 41 + 30) follow-up period (Table II). Four-year 
survival was estimated to be 89.596. 

During the same follow-up period, 39 patients had 
AMI (fatal or nonfatal) and 58 had a major event (AMI 
or death). Some patients had 2 or more major events: 
for example, AMI, recurrent AMI and next sudden 
death, but only the first major event was kept for the 
purpose of analysis. Four-year survival without AMI 
was 82.5%. 

Prediction of survival: Survival was unrelated to 
the year of the second angiogram (p = 0.56), to (surgical 
or medical) therapy (p = 0.39) or to the occurrence of  . 
occlusion (p = 0.88). The univariate predictors of sur” 






listed in Table nd 6. 


















39 ± 25 MO | . NO CABS 
(3-128) | NO PTCA 
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"Left main stenosis (96) «0.001 
Е Aper fraction «0.001 
- No; of diseased coronary arteries «0.001 nd А 
- No. of akinetic segments «0.001 ЛИЕ ААИ ы o 
. Q wave on ECG — 0.003 313 PTS (3-129) 

Previous myocardial infarction 0.003 

Progression 0.004 

"a i - Clinical data - Mortali 
p values are based on the log-rank test for dichotomous variables, Angiographic findings - Myocardi 


els on the Cox model with one Û parameter for continuous vari- 
ables. 


Coronary vessels 
Left ventriculogram 
Progression vs no progression 








TABLE IV Univariate Predictors of Survival Without Acute FIGURE 1. Design of the study. CABS = coronary artery by а 
Myocardial Infarction PTCA = percutaneous transluminal coronary angioplasty. 























Variables p Values 
Progression | «0.001 
No. of akinetic left ventricular segments «0.001 T 
Left ventricular aneurysm «0.001 
. No. of diseased coronary arteries 0.003 
Ejection fraction 0.004 
Left main stenosis (96) 0.007 "m iw oce 
80 to 9996 stenosis (n)* 0.019 Ф О 
Previous myocardial infarction 0.021 v — P< :91 
Men 0.026 ae MM 
Preseptal left anterior descending artery diameter 0.028 = — 
stenosis (96) > Е 
Q wave оп ECG 0.042 FA : 
Time between 1st and 2nd angiograms ` 0.049 a 85 | : 
* Supplying a nonakinetic left ventricular segment. A | 
p values are based on the log-rank test for dichotomous vari- ——NO PROGRESSION C174 PTS) 
ables and on the Cox model with one 8 parameter for continuous 80 PROGRESSION (139 PTS 
variables. 
of diseased arteries (p «0.01) and percent of diameter д Pe a < 3 
stenosis of the left main vessel (p <0.05) as independent YEARS OF FOLLOW-UP 
predictors of mortality. Progression was not retained (174) (149) (126) (107) 
(p = 0.076, difference not significant [NS]) (Table V). (139) (95) (75) (63) 
Repetition of the analysis for the prediction of sudden PATIENTS AT RISK | 
death gave similar results: EF and number of diseased FIGURE 2. Cumulative survival of patients with and without pr 
` arteries predicted sudden death, whereas progression of coronary artery disease. The follow-up begins at the t 
. did not (Table V). second catheterization. The comparison is performed by the 
` Prediction of survival without acute myocardial test. 


infarction: The year of the second angiogram was not 
predictive of survival without AMI (p = 0.28); thus, a | | 
secular trend in prognosis could not be detected in this Progression was the most striking predictor of s 
particular subset of patients. Survival without AMI did without AMI by univariate analysis (p «0.001) 
not differ between medically and surgically treated IV, Fig. 3). The difference between patients Ww 
patients (p = 0.16). Survival without AMI was predicted хин without Pi demas M odas in 
by 5 clinical and 8 angiographic characteristics (Table 
IV). Occlusion was not retained (p = 0.13, NS). 








TABLE V Independent Predictors of Mortality and Acute Infarction (AMI) (Cox Regression Analysis) 





Death or AMI Мої Perio 
Predicted Events Death Sudden Death AMI (Fatal or Nonfatal) (All Events) Death or MI 
(no) (n = 15) (n = 39) (n = 58) = 





































Variable B (p value) B (p value) Û (p value) B (p value) (p v 
Ejection fraction (%) —0.0436 (<0.001) —0.0472 (0.012) (0.062) —0.0261 (0.009) A 
. No. of diseased vessels 0.687 (0.005) 0.689 (0.042) 0.453 (0.017) 0.505 (0.002) 0.478 
` 96 stenosis of the left main vessel 0.0167 oe (0.139) (>0.5) (0.157) 


iont (>0. 2 1.06 (0. 002) 0.822 (0.003) 
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`3. Cumulative survival without acute myocardial infarction (AMI) 
ents with and without progression. The comparison is performed 
; log-rank test. 


.01) as independent predictors of major events 
or death) (Table V). Progression was the most 
ssive predictor of AMI (fatal or nonfatal); the 

risk of AMI for progression vs nonprogres- 
was 2.9 compared with 2.5 for 3-vessel vs 1-vessel 


xpected on a clinical basis, bypass grafting was 
ten performed in patients with (61 of 139) than 
(55 of 174) progression. The associated per- 
ive mortality (3 of 116) and morbidity (8 of 116 
nts with perioperative AMI) may have increased 
association of progression with outcome events. 
wever, even when deleting the 11 perioperative 
ts, survival (p = 0.85, NS) and survival without 
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of progression for occurrence of major events persist 
(Table V), suggesting that the overall result was unlike 


































related to the balance between medical and surgical - 
therapies. | 


Discussion 


Progression and acute myocardial infarction: A 
previous study" demonstrated that evidence of pro- 
gression was more striking among patients who under- 
went repeat cardiac catheterization for an episode of _ 
unstable angina than it was among matched patients 
who had undergone repeat catheterization for stable 
angina. In the present investigation, progression was 
found to be the most important predictor of AMI and, 
next to the number of diseased vessels, the second most 
powerful predictor for survival without AMI. This link 
between the anatomic progression of CAD and the oc- 
currence of coronary events is noteworthy. 

Two working hypotheses are consistent with this 
strong relation. First, continuing progression may result 
in increasingly more severe (80 to 90%) stenoses, with 
a higher risk of occlusion and subsequent AMI.}8 Sec- 
ond, both progression and AMI could result from an 
hypothetical "active state" of the disease. Pathophys- 
iologic studies aimed to investigate these hypotheses 
require the recognition of patients at high risk to prog- 
ress. In such patients, the balance between risks and 
potential benefits could allow the performance of se- 
quential angiographic studies on a prospective basis. 

Progression and death: The striking predictive 
value for AMI of CAD progression could be contrasted 
with the apparent lack of prediction for sudden death. 
However, this does not mean that continuous evolution 


FIGURE 4. Cumulative survival without acute myocardial 
infarction (AMI) in various subsets of patients. In each 
subgroup, survival without AMI was better in patients without 
than in patients with progression. 
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| sequence. Because of the smaller number of events 
5 sudden deaths vs 39 patients with AMD, only huge 
ifferences i in sudden death hazard rates in the pro- 
gression and nonprogression groups could be detected. 
Also our follow-up was limited, and patients with 
(nonfatal) AMI can be exposed to an enhanced risk of 
` mortality in subsequent years. This hypothesis could 
. betested with a larger series of patients followed up for 
a longer time. Thus, the size and design of our study did 
not allow for definite conclusions to be drawn on the 
pathophysiologic mechanisms of sudden death.!? 

Limitations of this study: Only nonsurgically 
treated patients who survived until a second catheter- 
ization were eligible for this study and were followed up 
after the second angiogram. The representativity of this 
particular group is therefore limited. 

Progression was appraised by visual comparison, 
using a conservative definition, in accordance with the 
precision of the method.? Whether quantitative tech- 
niques? could enhance the detectability of progression 
. A is debatable, because, as outlined by Kennedy et al,” 
* the problem is “how to quantitatively analyze paired 
. films.” However, perfect matching of the angulations 
could be achieved only in prospective studies. 

Progression is strongly related to the ійте,!1.22:23 and 
its occurrence may have been underestimated when the 
time between the 2 studies was short (less than 2 
years).?^ This limitation, however, should lead to a 
conservative estimate of the prognostic significance of 
progression. Also related to the time interval is the 
choice of an index of progression; although appealing, 
the definition of a progression rate (dividing the num- 
ber of progressions by the time interval between studies) 
could mask the prognostic significance of progression, 
because the time interval between studies itself was a 
* determinant of prognosis (Table IV) (the longer the 
- time interval, the poorer the prognosis): This type of 
bias is related to the referral process for the second 
angiogram, and was previously stressed by Bruschke et 
al.?? The definition of an optimal index of progression 
would require the repetition of angiograms at fixed time 
intervals. 

The year of the second angiogram was unrelated to 
prognosis: it is unlikely that our results could be biased 
by secular trends іп CAD mortality.2° The nature of 
treatment (surgical vs medical) was unpredictive of 
outcome; moreover, discarding the perioperative deaths 
and AMI did not substantially modify the results (Table 
V). The main result of the study persisted in various 
subgroups defined on the more conventional indexes of 
prognosis (Fig. 4), suggesting that our result was robust 
and unlikely to be related to a selection bias. 

The duration of the increased risk of AMI in patients 
who progressed before the second angiogram remains 
to be evaluated: Longer follow-up periods and use of 
nonproportional hazard models” may help to clarify 
this question. 

Progressive coronary artery disease—a diag- 
nostic and therapeutic challenge: Spontaneous an- 
na? or с unstable, „angina are correlated with pro- 

















sis is necessarily of little vital Se of unstable angina) wa 


ont j, new onset, angina la variety : 









long-term predictor of : i 


the information tel bya a first coronary 
progression correlated better with the nun 
moderate lesions!!?? than with the severity 
Thus, identification of patients at risk of proi 
is not necessarily out of range. | 

It is unclear whether progressive and sta 
warrant different therapeutic approaches. Pr 
is unrelated to the classic “risk factors, "112? and 
vs standard correction of these factors has give 
appointing result in a recent trial with clin 
points.?? Calcium antagonists may prevent son 
perimental models of coronary atherosclerosis.?? 
unaware of any clinical investigation on the effe 
these drugs on angiographic endpoints. Howe 
ognition of progressive CAD may provide asi 
patients at high risk of AMI: Design of trials a 
prevent AMI and/or slow down the process of 
genesis should be considered in these patients, t 
with the reevaluation of risk stratification for con 
tional procedures and therapies. | 
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effect of coronary artery bypass grafting 
BG) on exercise-induced ventricular arrhyth- 
was examined in 53 patients. A bicycle exer- 
est and an isometric handgrip exercise test 
performed before and 3 months after CABG. 
ise-induced ventricular arrhythmias were 
lected preoperatively in 14 patients (26% ), in 13 
j| the bicycle test and in 11 during the handgrip 
and in 18 patients (3496) after CABG. Thus, 
i had no significant effect on the occurrence 
xercise-induced ventricular arrhythmias. Nine 
its had new exercise-induced ventricular ar- 
thmias after CABG, 8 of whom had evidence of 





ary artery bypass grafting (CABG) apparently 
not improve preexisting ventricular arrhyth- 
~4 [n fact, ventricular arrhythmias may occur even 
requency after САВС.56 However, whether the 
ence of new arrhythmias is related to the patency 
bypass grafts or other clinical or angiographic 
es is not known. 
oth dynamic and static exercise can induce ven- 
lar arrhythmias in patients with coronary heart 
аѕе.7-9 We studied the effect of CABG on ventric- 
rhythmias induced by dynamic bicycle exercise 
isometric handgrip exercise in order to assess in 
ular whether new ventricular arrhythmias de- 
ing after CABG are related to the occlusion of the 
grafts or other angiographic data. 


Methods 


study group consisted of 53 patients (36 men, 17 
, mean age 49 + 6 years), who had undergone CABG 
September 1982 to December 1983. The indication for 
was disabling angina despite adequate medical treat- 





' Division of Cardiology, Department of Medicine, Oulu Uni- 
entral Hospital, Oulu, Finland. Manuscript received October 
revised manuscript received December 10, 1984, accepted 
14, 1984. 





reprints: Heikki V. Huikuri, MD, Division of Cardiology, _. нех ig попав 
Oulu University Central Hospital, SF-90220 maximal force. The bicycle e 
electrically braked bicycle erg 


Ventricular Arrhythmias Induced by Dynamic 
and Static Exercise in Relation 
to Coronary Artery Bypass Grafting 
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previous myocardial infarction, whereas only 8 of 
the 35 patients (2396) without postoperative ven- 
tricular arrhythmias had had a previous infarction. 
The rate of graft patency or improvement in exercise 
tolerance in patients with new postoperative ar- 
rhythmias did not differ from that in patients who did 
not have exercise-induced arrhythmias after CABG. 
The results confirm that CABG has no influence on 
the occurrence of ventricular arrhythmias induced 
by physical exercise. Patients with a previous 
myocardial infarction appear to be prone to new 
ventricular arrhythmias despite successful revas- 
cularization. (Am J Cardiol 1985;55:948-951) 


ment, and coronary artery diameter narrowings of 5096 or 
more. Patients undergoing valvular or other types of cardiac 
surgery were excluded. The patients underwent recatheter- 
ization 3 months after CABG in order to estimate the surgical 
results as to graft patency at that time. The patients gave their 
informed consent for the studies. 

Catheterization studies: All patients underwent left-sided 
cardiac catheterization and angiography before and 3 months 
after CABG. The coronary artery and vein graft angiograms 
were performed by the Judkins technique. The coronary an- 
giograms were graded according to the number of major ves- 
sels affected. A luminal diameter reduction of 50% or greater 
was considered a significant lesion. Left ventricular cinean- 
giograms performed in the 45? right anterior oblique position 
were examined for the presence of segmental hypokinesia, 
akinesia or dyskinesia by 2 observers. Left ventricular ejec- 
tion fraction and pressures were measured as described 
earlier.!? 

Exercise tests: The patients performed the exercise tests 
the day preceding each catheterization. The handgrip exercise 
test was performed in the fasting state in the morning and was 
followed by a dynamic exercise test at least 3 hours later. 
Beta-blocking and antiarrhythmic medication had been 
withdrawn gradually 2 to 4 days before the exercise tests. 

Each patient's maximal voluntary handgrip contraction was k 
determined as the average of 2 or 3 maximal attempts using . 
a hand dynamometer (Martin, Germany) and the patients. 
were then asked to perform a sustained handgrip at 309 
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9 (1796) 


E ` Rare uniform ventricular extrasystoles <5/min 1 vessel (%) 
Complex 2 vessel (%) 18 (34%) 
- Frequent ventricular extrasystoles 2.5/min 3 vessel (%) 26 (49%) 
Eee ee 3-month graft patency (%) 103/123 (84%) 
Left ventriculography Preop 


` R-on-T ventricular extrasystoles | 
Ventricular tachycardia Left ventricular wail motion 


Ventricular fibrillation Normal (%) 20 элү, 
es | Hypokinetic (96) 17 (33%) 
Modified from Lown and Мои. '? Akinetic/dyskinetic 16 (30%) | 
Ejection fraction 0.54 + 0.10 0. 








































2x All changes are nonsignificant. 
^ and the workload was increased in 1-minute steps by 15 W for 
men and 10 W for women. The endpoints for the handgrip test 
and bicycle exercise test were anginal pain, marked dyspnea, 


exhaustion or fatigue of the exercising muscles. Other reasons 

Results 
for terminating the exercise tests were ischemic ST-segment _. - "m | 
depression of 0.02 mV or more, an increase in systolic blood Clinical and angiographic features: Old 


A pressure over 260 mm Hg, or the appearance of complex dial infarction was noted in 24 of the 53 patien 










ventricular arrhythmias. The diagnosis of previous infarction was based 
Twelve-lead electrocardiograms were recorded before each tory and Q waves on electrocardiogram in 15 
exercise test was performed and the electrodes were thereafter and history with enzymatic evidence of prior in 
applied to the positions of the standard leads Vi, Vs and over in 9 patients. Thirteen patients were assi ned 
the sacrum. Electrocardiograms were displayed on an oscil- eratively to ass IV, 33 v class III and 7 p ce 


-oscopic monitor and continuously recorded on a chart at a 
speed of 25 mm/s during the tests. Sample charts at a speed П (New York Heart. Association classification 
of 50 mm/s were recorded at 1-minute intervals up to 5 min- grade of symptoms) . After CABG 4 patients 
utes after stopping the exercise. One observer continuously class III, 28 in class II and 21 patients in class 
monitored the electrocardiographic readings on the oscillos- angiographic data are presented in Table П. 





copic display. Cuff blood pressure, heart rate and ST-segment Exercise data: The exercise data are summar 
displacement were determined at 1-minute intervals up to 5 Table Ш. The preoperative handgrip test was st 
minutes after exercise. — because of fatigue of the exercising muscles in ¢ 
Ventricular arrhythmias were measured and analyzed patients (2 because of angina and 4 because of с 
manually and classified as simple or complex, as modified. ventricular arrhythmias), and the preoperative 
, be 


from Lown and Wolff!? (Table D. The duration of exercise, 


maximal workload in the bicycle exercise test and reasons for exercise test because of angina in 31 patients, dy 
stopping the tests were noted. in 6, ST-segment depression i in 12 and comple: 


Statistics: Chi-square test, exact Fisher’s probability test tricular arrhythmias in 4. Postoperatively, all 
and McNemar’s test were used in comparing the significances patients (complex arrhythmias) reached a state ‹ 
between frequencies, and a paired t test was used in com- tigue of the exercising muscles in the handgri; J 
paring the data at rest and during exercise. while the bicycle test was stopped because of г angi 









TABLE Ш Exercise Data 

















Handgrip Test Bicycle Test 
Preoperative Postoperative Preoperative Postoperative 
Rest Exercise Rest Exercise Pre vs Post Rest Exercise Rest Exercise 













ко ies 70 + 12 89 16 72 X 10 92 + 15 NS 78+ 14 124+ 23 79 + 12 140 + 21 
(beats/min) E 
SBP (mm Hg) 144 + 17 186426 148418 194+ 37 NS 188415 175 +28 139 + 20 190+ 28 p< 
DBP (mm Hg) 92 + 10 116+ 16 93 + 12 120+ 22 NS 93 + 10 95 + 12 92 i 11 93 + 12 NS 
















Pre vs Post 





5.2 + 0.7 7.3 + 0.7 





Duration of 








exercise (min) s 
Max workload (W) 97 + 36 125 + 38 р 
>0.1 mV ST- 15 4 60 23 E 

segment 

depression (96 


_ofpatients) — 


SBP = systolic blood pressure. 





















































induced by some of the exercise tests. 


ents, dyspnea in 10, complex arrhythmias in 4 and 
istion in 31. 

rcise-induced ventricular arrhythmias: The 
cies of ventricular arrhythmias induced by the 
test and the handgrip test are presented in Table 
Figure 1. The frequency of arrhythmias induced 
ycle exercise did not differ significantly from that 
idgrip exercise either pre- or postoperatively. 

w postoperative ventricular arrhythmias: 
ion to left ventricular dysfunction: All 9 pa- 
with new arrhythmias after CABG (group 1) had 
malities in segmental wall motion both before and 
CABG, 8 (89%) of whom had had a previous 
dial infarction. In patients without postoperative 
/hmias (group 2), 13 (37%) had preoperative and 
atients (31%) postoperative abnormalities in seg- 
1 wall motion, and only 8 (23%) had had a previous 
tion (p «0.01 between groups 1 and 2 for both 
es). The ejection fraction was lower in group 2 
АВС than in group 1 (0.50 + 0.08 vs 0.57 + 0.08, 
)5) and the left ventricular end-diastolic pressure 
gher (14 + 4 vs 10 + 5 mm Hg, p «0.05). 
3-month graft patency was almost the same, 81% 
up 1 and 85% in group 2, and 1 patient in each 
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ce of Exercise-induced Ventricular Arrhythmias in 5: 
__ Before and After Coronary Artery Bypass Grafting. — 


Simple Ventricular 





fore and after coronary artery bypass grafting ... Manitested Isel 








Complex Ventricular 





Arrhythmias Arrhythmias 
Preop Postop Preop Postop 
Bicycle exercise test 9(17%) 12 (23%) 4(8%) 4(8%) 
Handgrip exercise test 7 (13%) 11 (2196) 4 (896) 5 (996) 
Total 10 (1996) 13 (2596) 4 (8%) 5 (996) 


All exercise-induced changes are nonsignificant. Total = number of patients with ventricular arrhythmias 


group had a perioperative myocardial infarction. The 
maximal workload achieved in the bicycle test also im- 
proved similarly in the 2 groups. The proportion of 
ventricular arrhythmias doubled in patients with prior 
myocardial infarction (from 8 patients preoperatively 
to 16 patients postoperatively, p <0.05). 


Discussion 


Dynamic exercise tests are most often used as a 
method of provoking ventricular arrhythmias in coro- 
nary patients.!? Isometric exercise provides an easy, 
rapid and reproducible stress on the heart and, if ac- 
tually arrhythmogenic, could provide a useful method 
of detecting ventricular ectopic activity. However, re- 
ports concerning the arrhythmogenicity of isometric 
exercise are conflicting.?.1*15 Our study shows that the 
dynamic bicycle exercise test and isometric handgrip 
test were almost as sensitive in evoking arrhythmias in 
coronary patients. 

The CABG had no significant effect on the incidence 
of exercise-induced ventricular arrhythmias. In fact, 
there was a nonsignificant trend for a greater frequency 
of arrhythmias after CABG. These results concur with 
previous observations using Holter monitoring and 
treadmill exercise testing.!-9 The patients with a prior 
myocardial infarction had a greater incidence of ar- 
rhythmias after surgery, although they did not differ `. 
from those without exercise-induced arrhythmias after 
CABG in terms of graft patency or symptomatic im- 
provement. Thus, the success of surgery and revascu- 
larization does not appear to influence the occurrence 
of new exercise-induced arrhythmias after CABG. 

Several mechanisms may explain the appearance of 
ventricular ectopic activity after CABG. The arrhyth- 
mogenic action of catecholamines at higher levels of 
exercise after CABG may have contributed to the oc- 
currence of new arrhythmias. “Mini-infarcts” during 
surgery are common and are not easily diagnosed 
postoperatively,!6 and these could also contribute to the 
appearance of ventricular arrhythmias after CABG. It 
is also possible that even a patent graft cannot restore 
an adequate myocardial blood flow to the arrhythmo- 
genic subendocardial periinfarct area. Some metho- 
dologic points must also be considered. The reproduc- - 
ibility of exercise-induced arrhythmias is 
high,!? and it may well be that the ectopi 
manifested itself only after | : 
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ious studies of saphenous vein (SV) bypass 
have been either angiographic or morpho- 
id few have correlated angiograms with 
у. Nine necropsy patients who had received 
implants 12 to 120 months (mean 67 + 42) 
! death were studied. All patients had severe 
ary artery disease. Three types of histologic 
iges were found: atherosclerosis in 9 grafts, fi- 
mal proliferation in 8 and total occlusion with 
5 in 4. All patients had premortem angiograms 
months (mean 0.7 + 1.1) before death. In 14 
rafts, premortem angiograms accurately re- 
] the postmortem findings. In 7 grafts, the 





ologic changes accounting for early and late 
_of saphenous vein (SV) grafts are well de- 
4.2 Early closures are secondary to thrombosis and 
clusions are a result of atherosclerosis. Possible 
nisms include narrowing of the native coronary 
es at the site of anastomosis and distal to the graft, 

elial damage, postoperative thrombosis, and the 
nce of cardiovascular risk factors. 2? Because only 
relations of premortem angiographic and post- 
1 morphologic changes in SV grafts have been 
d, we undertook a retrospective necropsy study 
ss the reliability of angiography to define the 
of luminal narrowing. 


Methods 


cal and necropsy records of 9 patients who had un- 
SV bypass grafting for at least 12 months before death 
viewed. Angiographic studies were performed in 
e magnified projections for optimal visualization of 
aft and the anastomoses with the aorta and native 
arteries. At least 3 estimates were taken for each graft 
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orrelation of Saphenous Vein Bypass Graft Angiograms 
| with Histologic Changes at Necropsy 
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premortem angiograms either overestimated (4 
grafts) or underestimated (3 grafts) the extent of 
luminal narrowing. Six of the 7 SV implants incor- 
rectly assessed by angiography had fibrointimal 
proliferation and 1 had atherosclerosis. The pres- 
ence of smooth muscle in SV implants with fibroin- 
timal proliferation may be a mechanism of spasm 
or relaxation during angiography, which could cause 
errors in estimating the degree of stenosis. Nitrates 
or calcium antagonists may be useful in both as- 
sessing the degree of underlying vasomotion in SV 
grafts and as a therapeutic modality. 

(Ат J Cardiol 1985;55:952-955) 


in the view that showed the most severe luminal reduction. 
Two independent angiographers were blinded to the patho- 
logic findings. Calipers were used to measure luminal changes; 
the error was very reproducible with less than 10% variation 
in all grafts measured. Narrowing of the grafts was defined 
as percent diameter reduction of the vessel compared with 
the nearest proximal normal segment. All patients were tak- 
ing -blocking drugs and none were given nitrates during 
angiography. 

SV angiography at necropsy was performed in 7 hearts by 
injecting barium-gelatin-pigment at 100 to 140 mm Hg, with 
formalin added just before injection through plastic cannulas 
tied into the SV grafts through the aorta. Radiography was 
performed in anterior and lateral views to locate maximal 
narrowing of the grafts, and sections were obtained from the 
area of maximal narrowing. Each SV graft and native coronary 
artery were cut into 5-mm segments and portions examined 
histologically after preparation with hematoxylin-eosin and 
Movat pentachrome stains. Histologic quantitation of area 
luminal narrowing was performed by inspection and by light 
microscopy and narrowing was graded as 0 to 25%, 26 to 5096, 
91 to 75% and 76 to 100%, Histologic narrowing was defined 
as luminal obstruction within the internal elastic lamina of 
the artery or vein graft. Narrowing of SV graft was confirmed 
by computer-linked planimetry. From these, the percent ob- 
struction was correlated with that determined visually. His- 


tologic changes in the grafts were categorized by the following _ | 


criteria: Atherosclerotic grafts had foam cells, pultaceot 8. 
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TABLE! Clinical Findings in Nine Patients with Long-Term Saphenous Vein Bypass Grafts 


Age (yr) 
& Sex DM 


65M 
69M 
58M 
64M 
62 F 
64 M 
67 M 
49 M 
52M 
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Duration 





Interval Between 
SVBG Angio & Death 
AP AMI CHF (mo) (days) 
T 0 0 12 21 
T + 0 39 2 
+ 0 + 45 1 
+ 0 0 120 2 
+ + + 14 85 
+ + 0 64 5 
+ + 0 105 4 
+ + 0 96 65 
+ + + 111 3 





Angio = angiography; AMI = acute myocardial infarction; AP = angina pectoris; CHF = congestive heart failure; CS = cigarette smoking; DM 
= diabetes mellitus; FH = family history of coronary disease; SH = systemic hypertension; SVBG = saphenous vein bypass graft; TC = total serum 


cholesterol >250 mg/dl. 


FIGURE 1. Patient 7 underwent selective angiography 4 
days before death. A, cineangiogram in the left anterior 
oblique projection showed generalized irregularity of the 
obtuse marginal graft, believed to represent athero- 
sclerotic change. B, autopsy, the graft was narrowed 26 
to 50% in cross-sectional area by atherosclerotic plaque. 
Movat pentachrome stain; magnification X 18, reduced 
47%. 


mucopolysaccharide ground substance in the intima (Fig. 2); 
and fibrosis had collagen tissue interspersed with or without 
multiluminal channels. 

Angiographic underestimation, described by Isner et al,“ 
was defined as underestimation of narrowing at necropsy by 
a difference of 25% or more, and angiographic overestimation 
was defined as an angiographic diameter reduction that was 
at least as great as the cross-sectional area at necropsy. Data 
are expressed as mean + standard deviation. 


Results 


Clinical features (Table I): Premortem angiog- 
raphy: Two pattern were found at angiography. Five SV 
grafts showed generalized irregularity with or without 
localized stenotic lesions and were interpreted as having 
atheromatous change (Fig. 1). Eight grafts had smooth 
walls with areas of tubular narrowing of a variable 
length (Fig. 2), believed to represent fibrointimal hy- 
perplasia. Eight grafts were totally occluded at their 
origin. 

Morphologic evaluation (Table II): Three char- 
acteristic lesions were found: fibrointimal proliferation 
in 8, total fibrotic occlusion in 4 grafts, and atheroscle- 
rosis in 9. Planimetry confirmed the extent of luminal 
narrowing estimated by visual inspection in all cases. 
Three grafts were narrowed <50% in diameter by ath- 
erosclerosis, while 5 were totally occluded with hemor- 
rhage into plaques and superimposed thrombosis. 

Correlation of premortem angiograms and ne- 
cropsy findings: In 7 grafts, premortem angiograms 
incorrectly assessed the extent of luminal narrowing: 
3 underestimations (Fig. 2) and 4 overestimations of 
luminal narrowing (Fig. 3). Six incorrectly assessed 








grafts had fibrointimal proliferation, and 1 had ath- 
erosclerosis with 26 to 50% cross-sectional narrowing at 
necropsy. Postmortem angiograms in 7 hearts con- 
firmed the correlations between the premortem angio- 
graphic and histologic findings. 


Discussion 


Atherosclerosis has been reported to be the most 
frequent angiographic finding in long-term grafts. 
Eight of our 21 SV bypass grafts at necropsy had fi- 
brointimal proliferation, 9 were atherosclerotic and 4 
were totally occluded by fibrosis. Premortem angiog- 


“ t * SNAM. e E: 
FIGURE 2. Patient 1 underwent catheterization 3 weeks before death. 
Left, angiogram of the anterior descending coronary graft in the left 
anterior oblique projection shows tubular narrowing with no focal 
stenotic lesions, and the graft was estimated to have less than 25% 
diameter reduction. Right, at autopsy, there was up to 75% cross- 


sectional area narrowing by fibrointimal proliferation. The angiogram - 


underestimated the extent of narrowing in this graft. Movat pentachrome 
stain; magnification X 30, reduced 50%. 
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No CAs 








Anatomic 
Narrowing Narrowing 27596 
of SVBG of SVBG Narrowing Postmortem 
{% diameter) (% XSA) in XSA AMI HMI Angiography 
OM 100 100 {F} 4 + 0 + 
R 100 100 (F) 
LAD normal 72 (FIP)* 
LD normal 25 (FIP) 3 0 0 + 
LAD 50 19 (FIP)? 
OM normal 25 (FIP) 
R 100 100 (F) 
LAD 50 53 (FIP) 4 0 0 T 
R normal 54 (FIP)* 
R 100 100 (A) 3 0 0 + 
LAD 95 39 (FIP)? 
OM normal 25 (A) 
LAD 100 100 (A) 4 0 0 T 
PD 50 38 (А)! 
R 50 75 (A) 4 0 T + 
LAD 100 100 (F) 
R 100 100 (A) 3 xa 0 $ 
LAD 90 100 (А) 
ОМ погта! 50 (А) 
8 LAD normal 63 (FIP)* 4 + ns 0 
9 OM 75 80 (A) 4 F + 0 
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90% cro 


accurately estimated the extent of luminal nar- 
g in 14 of 21 vein grafts: fibrosis occurred in 4, 
rosclerosis in 8 and fibrointimal proliferation in 2. 
vein grafts with fibrointimal proliferation that 
correctly assessed were 0 to 2596 narrowed in 
sectional area. Angiography in 7 vein grafts either 
or underestimated luminal narrowing, and of 
all but 1 had fibrointimal proliferation. The in- 
between catheterization and death was less than 
hs in all patients, in most patients it was less than 


iography underestimates the degree of coronary 
wing compared with histology* by 5 to 3395.8 The 
le causes for this discrepancy are nonperfusion 


3. Patient 2 underwent angiography performed 2 days before death. The right (A) and left (B) anterior oblique projections, revealed generalized 
arrowing of the anterior descending graft with focal stenotic lesion of up to 5096 diameter reduction (arrows). The histologic section at : 
rough the site of maximal narrowing of the vein graft (VG) showed less than 25 % cross-sectional area reduction by fibrointimal prolifera 

ross-sectional luminal narrowing of the native left anterior descending coronary. artery (LAD) just to t 


Mmm e i a t a a a e ае i gue ieee 


Values for anatomic narrowing at necropsy were obtained by computer-linked planimetry. 

* Underestimation by premortem angiography. 

t Overestimation by premortem angiography. 

А = atherosclerosis; AMI = acute myocardial infarction; CAs = coronary arteries; F — fibrosis; FIP 
= fibrointimal proliferatic г; HMI = healed myocardial infarction; LAD = left anterior descending coronary 
artery; LC= left circumflex coronary artery; LD = left diagonal branch of left anterior descending coronary 
artery; OM = obtuse marginal coronary artery; PD = posterior descending branch of right coronary artery: 
R = right coronary artery; SVBG = saphenous vein bypass graft; XSA = cross-sectional area. 


of coronary arteries at necropsy, diffuse atherosclerosis, 
eccentric slit-like lumens and postmortem shrinkage 
and fixation artifacts. Atherosclerosis in vein grafts is 
usually diffuse and could have resulted in underesti- 
mation, but only 1 of the 7 vein grafts that were incor- 
rectly assessed had atherosclerosis. Postmortem 
shrinkage artifacts have also been incriminated and may 
result in reduction of tissue size by as much as 20%. 
Smooth muscle and elastic fibers in grafts with fi- 
brointimal proliferation may accentuate these changes. 
Shrinkage artifacts have been minimized by perfor- 
mance of postmortem angiography in 7 of 9 of our pa- 
tients. Angiography also has limitations because a 3- 
dimensional structure is viewed in 2 dimensions only. 







ore had overestimated the extent of narrowing in the vein graft. С, Movat pentact 

















- study, angiograms tended to over- or underestimate 


— luminal narrowing. Smooth muscle, a prominent com- 


ponent of the intima of saphenous veins that develop 
fibrointimal proliferation, may undergo transient spasm 
or dilatation, resulting in incorrect assessment of the 
grafts at angiography. Focal spasm in SV grafts has been 
reported in 2 patients,?:!? both of whom had recurrent 
Prinzmetal's angina after coronary bypass surgery. The 
increased smooth muscle cells that are present in the 
intima of many of these grafts may have a hyperreactive 
response to either endogenous vasoconstrictors or 
dilators.!i-13 

Our results indicate that selective angiography of SV 
grafts is a precise and reliable means of assessing graft 
patency in most patients. However, grafts with nar- 
rowing by fibrointimal proliferation are prone to erro- 
neous assessment by angiography, perhaps as a result 
of spasm or dilatation. Spasm had not been recognized 
in any of our patients clinically, and other factors 
may certainly be responsible for the angiographic 
findings. 
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iator pae dose 418 + 87 mg [mean + 
ard deviation|). An average of 4 antiarrhythmic 


or more salvos of VT, as well as ventricular 
lature complexes (VPCs). Programmed stim- 


























| cil elimination of all forms of VT in all but 
Hent, as well as significant reduction of paired 
by 95% (p <0.03) and single VPCs by 7096 
.005). Electrophysiologic study during fle- 
de therapy showed significant increases in AH, 


inide, a new antiarrhythmic agent with class IC 
physiologic properties,!~4 is under investigation 
atment of ventricular arrhythmias. It produces 
-rate of suppression of ventricular premature 
lexes (VPCs) with excellent patient tolerance.5-10 
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2cainide: Electrophysiologic and Antiarrhythmic Properties 
| in Refractory Ventricular Tachycardia 


EDWARD V. PLATIA, MD, N.A. MARK ESTES, MD, DONALD L. HEINE, MD, 
WRENCE S.C. GRIFFITH, MD, HASAN GARAN, MD, JEREMY N. RUSKIN, MD, 
and PHILIP R. REID, MD 


HV, PR, QRS and QTc intervals, and the ventricular 
effective refractory period. Programmed stimulation 
in 17 patients taking flecainide, with a mean plasma 
level of 1,075 + 521 ng/ml, showed ablation of in- 
ducible VT i in only 2 patients, a worsening in 5 and 
continued VT inducibility in 10. Adverse effects that 
required drug withdrawal were infrequent and en- 
countered in patients who received higher drug 
levels: 1 patient with congestive heart failure and 
1 with severe sinus bradycardia. Thus, although 
flecainide suppresses complex ventricular ar- 
rhythmias on Holter recordings, it rarely alters the 
response to programmed stimulation. Caution is 
recommended in its use for recurrent sustained VT 
or VF and in the interpretation of electrophysiologic 
studies until the predictive value of programmed 
stimulation with flecainide therapy is established. 








(Am J Cardiol 1985;55:956-962) 


However, few studies have evaluated the effects of fle- 
cainide in high-risk patients with recurrent, sustained 
ventricular tachycardia (VT) or ventricular fibrillation 
(УЕ).6 In this study we assessed the efficacy of flecainide 
in suppressing both spontaneous and induced ar- 
rhythmias in a group of patients with coronary artery 
disease and drug-resistant ventricular arrhythmias. 


Methods 


Patients: Twenty-two patients who were referred because 
of documented symptomatic VT or VF underwent evaluation 
with flecainide therapy. To qualify for flecainide therapy, a 
patient was required to have been unsuccessfully treated with 
conventional antiarrhythmic agents, including disopyramide, 
procainamide, propranolol and quinidine. Drug failure was 
defined as either persistence of VT while patients were taking — — 
therapeutic doses of conventional agents or intolerable adverse ay 







possible, all antiarrhythmic me 












Аде (уг) Type of 
& Sex Arrhythmia 
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1 67M VT 

2 53M VT 

3 43M VT 

4 56M VT/VF 

5 63F VT/VF 

6 54M VT 

7 73M VT 

8 59M VT 

9 60M VT 
10 51M VT/VF 
11 53M VT/VF 
12 61M VT 
13 42M VT 
14 69M VT/VF 
15 61M VT 
16 76M VT/VF 
17 45M VT 
18 65M VT 
19 60M VT 
20 72M VT/VF 
21 53M VT 
22 75F VF 

Mean + SD 57.9 + 15 
20M/2F 


constituted failure. 


VT = ventricular tachycardia. 





Holter monitoring was carried out to assess baseline ventric- 
ular ectopic activity. À control electrophysiologic study, in- 
cluding programmed ventricular stimulation, was performed 
without administration of antiarrhythmic drugs. Oral fle- 
cainide was then administered, and after 3 to 4 days at the 
same dose, 48 to 72-hour Holter monitoring was repeated. 
Nineteen of these patients were eventually given a flecainide 
dosage that completely eliminated all VT during monitoring 
(Holter monitoring in 16 and real-time monitoring in 3) — 
defined as 3 or more beats of VT at a rate of at least 100/min. 
Seventeen patients with apparent good responses to flecain- 
-— ide, as assessed by both electrocardiographic monitoring 
“` and the absence of significant adverse effects, then under- 

. went programmed ventricular stimulation while taking 
flecainide. 

Patient characteristics: Clinical characteristics of the 28 
patients are summarized in Table I. Before the use of fle- 
cainide, patients had been treated with 4.3 + 1.5 antiar- 
rhythmic agents (range 2 to 7) with an inadequate antiar- 
rhythmic response or drug intolerance. 

Flecainide administration: After the control electro- 
physiologic study was completed, flecainide acetate (Riker 
Laboratories) was administered to each patient orally in a dose 
of 200 mg twice daily. Adverse effects were controlled by de- 
creasing the dose in 50-mg decrements to at least 100 mg twice 
daily. One patient was switched from a regimen of twice daily 
to 3 times daily in order to minimize adverse effects. Ambu- 
latory 48- to 72-hour Holter monitoring was carried out after 
3 to 4 days of flecainide treatment in 20 patients. If salvos of 
V'T persisted during monitoring, the daily flecainide dose was 
increased by 100 mg, to a maximum of 300 mg twice daily, and 
Holter monitoring repeated 3 to 4 days later. Patients whose 
Holter monitoring was free of VT were studied in the elec- 








NYHA Fraction 
Class (96) 


| 42 A, Br, D, L, P, Ph, а 
ji 70 A, D, Ph, Pr, О 
і 55 Рг, О 
1 26 A, L, Ph, Pr, Q, T 
H 40 A, Be, L, Pr, О 
ii 43 A, Be, D, L, Ph, Pr 
i 34 Pr, О 
| 50 A,Pr, Q 
H 50 Be, C, D, Pr, Q 
Ш 35 А, Рг, О 
li 30 A, D, C, L, Pr, О 
itl 25 D, C,Pr, Q 
IV 28 A,L, Pr, Q 
iil 21 Pr, а 
IV 24 A, Am, Lo, M, Pr, Q 
IV 30 A, D, L, Pr 
T 18 Q, Pr, D 
| 15 Q, Pr, M, T 
if 30 Q, Pr 
il 33 Q, Pr, D M 
і 45 Q, Pr- 
il 62 Q, D, Ph 
2.3 + 1.1 35 + 17 





* Discontinuation of a drug because of severe adverse effects or ineffective suppression of arrhythmia 


А = aprindine; Am = amiodarone; Be = bethanidine; Br = bretylium; C = clifilium; D = disopyramide; 
L = lidocaine; Lo = lorcainide; M = mexilitene; NYHA = New York Heart Association; Ph = phenytoin; 
Pr = procainamide: Q = quinidine; SD = standard deviation; T = tocainide; VF = ventricular fibrillation; 


joratory after continuing. to take а given fle- 
Urinalysis, hematologic: terminations were с 
ting: were performed 5 (f ds af à r fh "cainic 
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before and during flecainide administration. Райеп 
not considered for flecainide therapy if they had evidi 
impaired renal function (serum creatinine above 2.5 
elevation of liver function tests, (i.e., alkaline ph 
SGOT, БОРТ, and bilirubin [above 1.5 times norm: 
ond- or third-degree atrioventricular block, or evidence 
prolongation in the absence of antiarrhythmic agents 

Ambulatory electrocardiographic (Holter) mo 
ing: Holter monitoring was carried out in 16 patients 
to 72 hours both before and during flecainide administ 
with all records processed manually. Technician perforr 
was periodically assessed by preread tapes and was fou 
be greater than 95% accurate, with frequency of false-pos 
and false-negative diagnoses less than 5%. Single VPCs 
tricular couplets, and salvos of VT were quantitated 
technical reasons, VPC frequency could not be quan 
on 4 tapes, so these were assessed qualitatively as fo! 
+++ = frequent VPCs, above 1,000 beats/hour; ++ = o 
sional VPCs, 10 to 1,000 beats/hour; + = rare VPCs, und 
beats/hour. 4 

Electrophysiologic study: All studies were carried « 
the nonsedated, postabsorptive state. Standard el 
physiologic testing was carried out without antiarrhyt 
agents and again during steady-state flecainide admin 
{іоп.1112 Quadripolar electrode catheters were used 
positioned in the high lateral right atrium and across th 
cuspid valve. Intracardiac electrograms were filtered at. 
500 Hz and displayed simultaneously with leads I, II, I 
and Уу on a multichannel oscilloscope. Atrial and vent 
stimulation were carried out with 1- or 2-ms pulses a 
diastolic threshold. The following measurements were 
PR interval, QRS duration, QT interval, AH inter 
interval, sinus с geen and ventricaiar Sec 1 











































was determined by subtracting the QRS 
rom the QTc interval. Blood pressure was recorded 
femoral arterial catheter in 20 patients and by sphyg- 
ometer in 8. Programmed stimulation was then per- 
at 1 to 3 right ventricular sites. During ventricular 
ingle and double extrastimuli were introduced after 
beats as coupling intervals decreased progressively 
ns until ventricular refractoriness was reached. Three 
cycle lengths were used (600, 500 and 450 or 400 ms). 

j3atients, the protocol included 3 extrastimuli during 
ular pacing at a cycle length of 500 ms. If the arrhyth- 
s still noninducible, this protocol was repeated from 
ight ventricular outflow tract before termination of 
ition. In the remaining 16 patients ventricular burst 
+10 cycles to 200 ms, was used if double extrastimuli 
ot induce sustained V'T. If sustained VT could not be 
ed. from the right ventricle with rapid pacing, pro- 
ed stimulation was carried out at 2 left ventricular 
‘sites in 12 patients. Sustained VT was defined as 
ig longer than 30 seconds or requiring intervention. 

ustained VT was defined as 3 or more consecutive pro- 
ventricular depolarizations. In 7 patients electrical 
'ersion was required (only once after flecainide ad- 
'ation); in all other patients sustained V'T was termi- 
Jy ventricular pacing. 

ainide plasma levels: Blood was obtained for plasma 
etermination at the time of electrophysiologic study. 
1a levels were measured by gas-liquid chromatog- 

у 





llow-up: The aim of antiarrhythmic therapy was to 
nate the ability to induce VT in the electrophysiology 
atory and to eliminate spontaneous VT. Patients who 
od the drug and had suppression of induced and 
леоиѕ VT (3 patients) continued to take oral flecainide 
re followed up on an outpatient protocol. 

istical analysis: Electrophysiologic measurements 
e and after flecainide were compared by the paired 
nt t test. Multiple regression analysis was performed 
nges in conduction intervals and refractory periods vs 
flecainide level. McNemar's test was used to estimate 
icance of changes in inducibility of VT before and after 
nide administration.!? For all statistical tests, a level of 
vas selected as the criterion for significance of a positive 





Results 


e response and adverse effects: Patients re- 
а mean daily flecainide dose of 418 + 87 mg in 2 
vided doses for a mean duration of 11 days (range 
). The mean plasma level of flecainide was 1,075 
mg/ml (range 511 to 2,413). The plasma flecainide 
id not appear to correlate with overall response, 
by programmed stimulation or monitoring. Ad- 
{fects with flecainide were frequent, occurring 
f 28 patients, but were often mild and transient. 
‘was no significant change in systemic blood 
ssure. In 1 patient (no. 17), congestive heart failure 
ied, forcing discontinuation of the drug before 
electrophysiologic evaluation. One patient (no. 
3 ‘symptomatic sinus bradycardia, with rates be- 
20 and 30/min, which required flecainide termi- 
. Visual disturbances were common at the initi- 
herapy with flecainide and included blurred 


thod of Bazett.13 The s corrected _ 


( diplopia {7 Pen Other or nonsustained VTi 








‘complaints included  lightheadedr 





nausea (1 patient) and perioral numbness (1 patient) 





Symptoms abated spontaneously without а change in 


dose in all but 2 patients, in whom the flecainide dose 
was reduced as a result. Except for the aforementioned 
patients with congestive heart failure and severe sinus 
bradycardia, no other patients had adverse effects se- 
vere enough to require flecainide discontinuation. Nine 
patients required increased flecainide doses because of 
persistent VT during monitoring at a dose of 400 mg/ 
day. A close correlation between plasma flecainide level 
and adverse effects (p = 0.10) was not found, although 
the mean level in patients with adverse effects (1,150 + 
590 ng/ml) was somewhat higher than in those without 
adverse effects (942 + 336 ng/ml) (p = 0.2). The mean 
level in the 2 patients with major adverse effects re- 
quiring drug withdrawal was 1,678 + 474 ng/ml, sig- 
nificantly higher than in the other patients (p <0.05). 

Ambulatory electrocardiographic (Holter) 
monitoring (Table IT): Holter monitoring was carried 
out in 16 patients. Salvos of VT, present on the control 
Holters of all 16 patients, were abolished in all but 1 
patient during flecainide administration. Paired VPCs 
were significantly reduced by flecainide by an average 
95 + 11% (p <0.03). One patient had no paired VPCs 
either before or after administration of flecainide. In the 
patients in whom qualitative VPC counts were avail- 
able, there was a decrease in frequency from moderate 
(++) to rare (+) in 2 patients and no change in fre- 
quency in 1 patient. Single VPC counts dropped by an 
average of 70 + 31% (p «0.005). In 6 patients they de- 
creased by at least 70%, and no patient had an increase 
in frequency. 

Electrophysiologic study: Cardiac conduction 
times (Table III): The PR and QRS intervals each 
prolonged with flecainide, with increases each averaging 
28% (p <0.0001). The QTc interval prolonged by an 
average 7% (p = 0.006). This increase was primarily due 
to a QRS prolongation, because there was no significant 
change in the JTc interval. The AH interval, a measure 
of atrioventricular nodal conduction, increased signif- 
icantly during sinus rhythm by 39% (p <0.001). The HV 
interval, a measure of His-Purkinje conduction, in- 
creased significantly by an average of 67% (p = 
0.0003). 

Refractory period (Table ПГ): The ventricular ef- 
fective refractory period, measured at the right ven- 
tricular apex, increased significantly, by 16% (p 
<0.0001). A linear relation between plasma concen- 
tration and ventricular effective refractory period was 
found (r = 0.7; p = 0.014) for the range of doses used. 

Programmed ventricular stimulation (Table IV): 
During the control study, sustained VT or VF was in- 
duced in 15 and nonsustained VT (3 to 31 beats) in 3 
patients. In 4 patients (18%) neither sustained nor 
nonsustained VT could be induced during the control 
study. After flecainide administration, programmed 
stimulation was carried out in 17 patients, with sus- 
tained VT elicited in 12 patients and nonsustained in 
3 patients. Two patients 1 no longer had either sustained 






nducible VT. Two patients CUT 


were converted from sustained VT (1 patient) or non- 
sustained VT (1 patient) to no induced repetitive re- 
‘sponses, and 1 patient had nonsustained VT of up to 5 
beats reduced to only 2 repetitive responses after fle- 
`саіпійе. This includes 1 patient (no. 22) whose first 
electrophysiologic study with flecainide resulted in 
nonsustained VT of 39 beats’ duration, compared with 
sustained, rapid VT/VF during the control study; the 
- plasma flecainide level was 1,789 ng/ml. The flecainide 
dose was increased to 500 mg/day, and programmed 
stimulation at a later date failed to induce any repetitive 
responses; the plasma flecainide level was 2,205 ng/ml. 
However, because of severe sinus bradycardia, flecainide 
was discontinued. 

Five patients appeared to have a worse response to 
progammed stimulation after administration of fle- 
cainide: Neither nonsustained nor sustained V'T could 
be elicited during control study in 4 patients, but VT 
was induced with flecainide (sustained in 3 and non- 
sustained in 1); in 1 other patient nonsustained V'T was 
induced before flecainide, and sustained VT after drug 
administration. Eight patients with sustained VT in- 
` duced during the control period continued to have 
sustained VT after flecainide. Two other patients with 
‘inducible sustained VT before flecainide had sponta- 
neous sustained V'T afterward and, therefore, repeat 
programmed stimulation was not carried out. Figure 1 
is a summary of the responses to programmed stimu- 
lation before and after flecainide. The rate of VT was 


a significantly slowed with flecainide: The VT cycle 


length increased from 298 + 88 ms during the control 
study to 400 + 89 ms after flecainide administration (p 
= 0.004). 

Clinical follow-up: Two patients who had a favor- 
able response to flecainide both by programmed stim- 
ulation and Holter monitoring were discharged on the 
drug. Both patients continue to be well clinically after 
-a mean 14 + 2.6 months of follow-up with no VT 
seen on 24-hour Holter monitoring performed every 
6 months. One patient (no. 22) had a favorable 
antitachyarrhythmic response, but was not discharged 
with flecainide treatment because of severe sinus node 
depression. 


NO VT 
(s? BEATS) 


NON-SUST VT 
(3-40 BEATS) 


SUST VT 
(>40 BEATS) 


‚ FIGURE 1. Summary of programmed ventricular stimulation in the 17 
“patients who underwent electrophysiologic study both before and after 


flecainide E PTS = ‚ patients; SUST = = sustained; VT: = 


Ambulatory Electrocardiographic (Holter) Monitoring Before and After Flecainide Administration 
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suppressing chronic stable ventricular arrhythmias with 
excellent patient tolerance,” and this study extends 
. the experience with flecainide in patients with struc- 
tural heart disease and drug refractory ventricular ar- 
‚ rhythmias. Our results indicate that although flecainide 
is highly effective in suppressing ambient ventricular 
ectopy, it rarely alters the response to programmed 
stimulation. The efficacy of flecainide in suppression 
of ventricular arrhythmias induced by programmed 
stimulation has been the subject of 2 recent studies.9.16 
One study by Breithardt et al!6 noted complete lack of 
efficacy in 13 patients with both spontaneous and 
induced ventricular arrhythmias. In contrast to 
Breithardt’s study and our results, Anderson et al$ 
noted that flecainide prevented tachycardia induction 
in 9 of 15 patients with spontaneous and induced ar- 
. rhythmias. Because the drug improved the response to 
programmed stimulation by making the arrhythmia 
more difficult to induce or increasing the cycle length 
of the tachycardia, an overall response rate of 73% was 
noted by Anderson et al. None of their 3 patients with 
coronary artery disease and sustained V'T at the initial 
electrophysiologic study had the arrhythmia controlled 
by flecainide. All 6 of his patients without coronary 
disease had complete suppression of the induced ar- 
rhythmia by flecainide. 

Quantitative VPC counts of ambulatory electrocar- 
diographic monitoring were not reported by Anderson 
et al,® so it is not clear how well Holter monitoring cor- 
related with the results of programmed stimulation. 
However, they concluded that programmed stimulation 
generally predicted outpatient response in the 10 pa- 
tients discharged on oral flecainide therapy, with fol- 
low-up of 0.4 to 7.6 months. However, 1 of their 10 pa- 
tients discharged with flecainide therapy had the drug 
discontinued because of sustained УТ, and 4 required 
increased doses of flecainide or the addition of other 
therapies because of recurrences of VT. We cannot 
comment on the correlation of programmed stimulation 

with long-term clinical response, as only 2 of our pa- 
tients were maintained on flecainide after electro- 
physiologic study. Both of these patients whose re- 
sponse to flecainide, as assessed by both Holter monitor 
and programmed stimulation, was favorable have been 
well for 20 months, without evidence of clinical recur- 
rence of their arrhythmia. It is possible that Holter 
monitoring, and not programmed stimulation, would 
have predicted long-term flecainide response. However, 
we did not feel justified in discharging any patient on 
flecainide when VT could be elicited in the electro- 
physiology laboratory. Additionally, an unfavorable 
response to programmed stimulation may not accu- 
rately predict an unfavorable clinical response, as may 
be the case with the class III antiarrhythmic drug, am- 
iodarone.!7-1? Further study of the predictive accuracy 
of programmed stimulation in high-risk patients taking 
flecainide is needed. 

Eaten dy the plasma flecainide levels in this study 
| rig than those usually reported, in 8 Pa: 




















4 Several studies сои the efficacy of flecainidé i in. 
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22 бий VT/VF 


* Electrophysiologic testing not carried out т. v 
bud mus occurred spontaneously while the patient was tal 
caini | 

t Electrophysiologic testing not carried out because of seve 
bradycardia while the patient was taking flecainide. E 

Sust = sustained ventricular tachycardia; SD = standard de 
VF = ventricular fibrillation; VT = ventricular tachycardia. — 


tients the flecainide dose was increased from 400 
day to 600 mg/day because of persistent inducil 
spontaneous VT. In some patients the flecainide 
administered and the drug levels attained may 
been too high, and a more favorable response to 
grammed stimulation may have accompanied th 
of smaller doses of flecainide. We found no signi 
correlation of response to programmed stimulatio 
the plasma flecainide level, a finding previou 
ported by Anderson et al. However, there was a 
lation between plasma flecainide level and both 
tricular effective refractory period (p = 0.01) an 
cycle length (p = 0.014). The relation of plasm 
cainide levels to drug efficacy and toxicity needs fu 
investigation. | 

Several clinical electrophysiologic studies have: 8 
that flecainide prolongs conduction in both th 
tricular myocardium and the specialized condu 
system with an especially marked effect on the 
Purkinje system and a lesser effect on atriovent 
nodel conduction.®2°-23 The results of our stu 
consistent with these findings, with our conduction 
increases at the higher end of the ranges previou 
ported—1in keeping with our somewhat higher flex 
doses and plasma levels. Reported AH interval 
interval prolongation has ranged between 19 to: 
27 to 47% оуег t control values, ге: 












































o) and An 
ely. The JT interval, an index of ventricular 


) prolongation of the QRS interval, was not sig- 
Шу changed by flecainide, in keeping with other 
lies.6-8.20-24 In summary, flecainide prolongs intra- 
ac conduction times significantly, and can depress 
node function, especially at higher plasma 








ost clinical studies have confirmed that adverse 
ts from flecainide are most commonly mild in se- 
‘and neurologic in character (blurred vision, 
-headedness and headaches).59/7-? In our study, 
se symptoms were frequently encountered but 
d spontaneously in all but 2 patients, in whom the 
nide dose had to be lowered, followed by prompt 
ution of symptoms. Two of our patients experi- 
adverse effects that required discontinuation of 
ide: 1 because of congestive heart failure, as has 
previously reported for flecainide,? 25-26 and 1 for 
iode depression. 

conclusion, in patients with life-threatening V'T 
flecainide is an effective suppressant of ambient 
lex ventricular arrhythmias as assessed by am- 
ory electrocardiographic monitoring. However, in 
of these patients, the ability to provoke arrhyth- 
by programmed stimulation persists. Thus, until 
alue of programmed stimulation in predicting 
term clinical response to flecainide is established, 
ommend caution in the use of this agent for re- 
nt sustained VT or VF. 
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effects may occur. | 
Drug/Laboratory Test interactions: The presence of a metabolite of fabetalol in the urine may result in 
falsely increased levels of urinary catecholamines when measured by a nonspecific trihydroxyindole {ТН} re- 
action. In screening patients suspected of having a pheochromocytoma and being treated with labetalo! НСІ. 
specific radioenzymatic or high performance liquid chromatography assay techniques should be used to de- 
termine levels of catecholamines or their metabolites. 
Carcinagenesis, Mutagenesis, Impairment of Fertility: Long-term oral dosing studies with labetalol 
HCI for 18 months in mice and for 2 years in rats showed no evidence of carcinogenesis. Studies with labetalol 
HCI, using dominant lethal assays in rats and mice, and exposing microorganisms according to modified Ames 
tests, showed no evidence of mutagenesis. 
. Pregnancy Category С: Teratogenic studies have been performed with labetalo! in rats and rabbits at oral 
doses up to approximately 6 and 4 times the MRHD, respectively. No reproducible evidence of fetal malfor- 
. mations was observed. Increased fetal resorptions were seen in both species at doses approximating the 



















ng pregnancy only if the potential benefit justifies the potential risk to the fetus. 





77 MRHD. There are no adequate and well-controlled studies in pregnant women. Labetalol should be used dur- г. 










































































Nonteratogenic Effects: Infants of mothers who were treated with tabetalol HCI durit 
appear to be adversely affected by the drug. Oral administration of labetalol to rats.d 
through weaning at doses of 2 to 4 times the MRHD caused a decrease in neonatal sur 
Labor and Delivery: Labetalol HCI given to pregnant women with hypertension did not 
usual course of labor and delivery. n 
Nursing Mothers: Small amounts of labetalol (approximately 0.004% of the maternal 
human milk. Caution should be exercised when TRANDATE® {labetalol НСІ) Tablets afe adi 
ing woman. | mE 
Pediatric Use: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS: Most adverse effects ате mild, transient and occur early in t 
in controlled clinical trials of 3 to 4 months’ duration, díscontinuation of TRANDAT 
more adverse effects was required in 7% of all patients. In these same trials, beta-blo 
to discontinuation in 8% to 10% of patients, and à centrally acting alpha-agonist in 3 
The incidence rates of adverse reactions listed in the following table were derived 
trolled clinical trials, comparing labetalol НСІ, placebo, metoprolol and propranotol, av 
3 and 4 months, Where the frequency of adverse effects for labetalol HCl-and placebo 
tionship is uncertain, The rates are based on adverse reactions considered probably 
vestigator. if all reports are considered, the rates are somewhat higher feg. dizzint 
fatigue 1196], but the overall conclusions are unchanged. Sy 
The adverse effects were reported spontaneously and are representative of the inciden 
that may be observed in a properly selected hypertensive patient population, ie, a group exclu 
with bronchospastic disease, overt congestive heart failure, or other contraindications to bata-Di 
Clinical trials also included studies utilizing daily doses up to 2400 mg in more severely t 
tients. Certain of the side effects increased with increasing dose in the entire U.S. therapeutic 
for adverse reactions that are clearly or possibly dose-related. € 
in addition, a number of other less common adverse events have bean reported in 
literature: 
Cardiovascular System: Syncope. Central and Peripheral Nervous Systems 
frequently described аз scalp tingling. In most cases, it was mild, transient and usu: 
ginning of treatment. Collagen Disorders: Systemic lupus erythematosus, positiv 
(ANF). Eyes: Dry eyes. Immunological System: Antimitochondrial antibodies. Liver 
tem: Cholestasis with or without jaundice. Musculoskeletal System: Muscle cramps. 
spiratory System: Bronchospasm. Skin and Appendages: Rashes of various types, 
maculopapular; lichenoid; urticarial; bullous lichen planus: psoriaform: facial erythema: | 
reversible alopecia. Urinary System: Difficulty in micturition, including acute urinary bl 
Following approval for marketing in the United Kingdom, à monitored release survey 
mately 5,800 patients was conducted for further safety and efficacy evaluation of this prod 
survey indicate that the type, severity, and incidence of adverse effects were comparable to thos: 
Potential Adverse Effects: In addition, other adverse effects not listed above have bee 
other beta-adrenergic biocking agents. 
Central Nervous System: Reversible mental depression progressing to catatonia; г 
syndrome characterized by disorientation for time and place, short-term memory lass,: 
slightly clouded sensorium, and decreased performance or neuropsychometrics. 
Cardiovascular: intensification of AV block (see CONTRAINDICATIONS). Lo 
Allergic: Fever combined with aching and sore throat: laryngospasm; respiratory distress 
Hematologic: Agranulocytosis; thrombocytopenic ot nonthrombocytopenic purpura. ` 
Gastrointestinal: Mesenteric artery thrombosis: ischemic colitis. | 
The oculomucocutaneous syndrome associated with the beta-blocker practofol has not 
tabetaloi НСІ. 
Clinical Laboratory Tests: There have been reversible increases of serum transaminase 
treated with labetalol HC! and tested, and more rarely, reversible increases in blood urea 
OVERDOSAGE: Overdosage with TRANDATE® Tablets causes excessive hypotension wh 
sitive, and sometimes, excessive bradycardia. Patients should be faid supine and their le 
to improve the blood supply to the brain. The following additional measures should be em 
Excessive bradycardia— administer atropine (3.0 mg). if there is no response to vag 
ister isoproterenol cautiously. Cardiac failure—administer a digitalis glycoside and a i 
sion—administer vasopressors, eg, norepinephrine. There is pharmacological evidence t 
may be the drug of choice. Bronchospasm-—administer a beta;-stimufating agent an 
preparation. 
Gastric lavage or pharmacologically induced emesis (using syrup of ipecac] is useful fori 
shortly after ingestion. Labetatol НСІ can be removed from the general circulation by he 
The oral л value of labetalol HCI in the mouse is approximately 600 mg/kg and in th 
2 g/kg. The intravenous 1 О5о in these species is 50 to 60 mg/kg. — — E: 
DOSAGE AND ADMINISTRATION: DOSAGE MUST BE INDIVIDUALIZED. The recommerided initi 
100 mg twice daily whether used alone or added to a diuretic regimen, After 2 or 3 days, using stan 
pressure as an indicator, dosage may be titrated in increments of 100 mg b.i.d. every 2 or 3 day: 
maintenance dosage of labetalo! HCI is between 200 and 400 mg twice daily. DTE 
Since the full antihypertensive effect of fabetalol НС! is usually seen within the first 
initial dose or dose increment, the assurance of a lack of an exaggerated hypotensive respo 
cally established in the office setting. The antihypertensive effects of continued dosing сап be! 
subsequent visits, approximately 12 hours after a dose, to determine whether further titration i 
Patients with severe hypertension may require from 1200 mg to 2400 mg per day, with of witi 
diuretics. Should side effects (principally nausea or dizziness) occur with these doses administer 
same total daily dose administered t.i.d. may improve tolerability and facilitate further titration. 
crements shauld not exceed 200 mg b.i.d. | Du 
When a diuretic is added, an additive antihypertensive effect can be expected. їп some casi 
cessitate a labetalol НСІ dosage adjustment. As with most antihypertensive drugs, optima: 
TRANDATE® Tablets are usually lower in patients also receiving a diuretic. E 
When transferring patients from other antihypertensive drugs, TRANDATE Tablets should be inte 
recommended and the dosage of the existing therapy progressively decreased. ТЖ 
HOW SUPPLIED: TRANDATE® Tablets, 200 mg, white, round, scored, film-coated tablets engrav 
side with "TRANDATE 200 GLAXO” bottles of 100 (NDC 0173-0347-43], bottles of 500 (NDC 9173-034 
unit dose packs of 100 tablets (NDC 0173-0347-47]. X 
TRANDATE Tablets, 300 mg, peach. round, scored, film-coated tablets engraved on one Si 
"TRANDATE 300 GLAXO” bottles of 100 (NDC 0773-0348-43}, bottles of 500 (NDC 0173-0348-44}, and u 
packs of 100 tablets INDC 0173-0348-47]. шет. Re 
TRANDATE Tablets should be stored between 2° and 30°С (36° and 86°F), 05o 
TRANDATE Tablets in the unit dose boxes should be protected from excessive 1 
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SANJEEV SAKSENA, MD, ESTELLE GREENBERG, and DIANE FERGUSON, RI 


This study is an examination of the economic con- 
sequences of invasive electrophysiologic (EP) 
evaluation for recurrent supraventricular tachy- 
cardia (SVT) and ventricular tachycardia (VT) on 
a tertiary health care facility during 1980 and 1981. 

The average cost of hospitalizations for EP evalu- 
ation was substantial (SVT, $6,990; VT, $13,897), 
as was the length of hospital stay (SVT, 12 + 8 days; 
VT, 24 + 8 days). The cost of a single EP procedure 
in the study period averaged $695 (range $200 to 
$1,206). During follow-up (1 to 3 years), there was 
substantial improvement in arrhythmia control on 
EP-based therapy in SVT and VT compared with 
prior empirical therapy. Cost:benefit analysis 





The need for cost-effective medical care dominates 
current discussions on the U.S. health care delivery 
system. Cardiovascular disease is the single largest 
consumer of health care resources.! The use of in- 
creasingly sophisticated diagnostic and therapeutic 
techniques in the management of cardiovascular dis- 
eases has increased costs both for the health care con- 
sumer and the provider. In addition, patients with 
cardiovascular disorders, especially cardiac arrhyth- 
mias, are often critically ill and require intensive med- 
ical treatment. Early studies on the health care expen- 
ditures for critically ill patients noted the high costs 
(usually in excess of $5,000) associated with these ad- 
missions.!~4 These costs were referred to as “cata- 
strophic” expenditures. Therapeutic benefits derived 
from such expensive medical interventions have been 
questioned.* An inverse relation between hospitali- 
zation costs and survival of the acutely ill patient has 





From the Cardiac Electrophysiology Section and Department of Health 
Care Evaluation, Newark Beth Israel Medical Center, University of 
Medicine & Dentistry of New Jersey-New Jersey Medical School, Ne- 
wark, New Jersey. Manuscript received November 1, 1984; revised 
` manuscript received January 8, 1985, accepted January 9, 1985. 

AC ‘ints: Sanjeev Saksena, MD, Cardiac Electrophys- 





Prospective Reimbursement for State-of-the-Art 
Medical Practice: The Case for Invasive 
Electrophysiologic Evaluation 




































srael Medical Center, 201 Lyons Avenue, Newark, 
PIENO 4| Ae Rd | Benny ш шо өш 



























strongly favored EP-based therapy ove 
therapy (SVT, 6:1; VT, 18:1) in this follow-up 
Comparison with cost of noninvasive tect 
VT evaluation showed that EP evaluati 
comparable cost. Current. prospective re 
ment schedules have no DRG categor 
evaluation and do not fairly compensate. 
for invasive or noninvasive arrhythmia 
vasive EP evaluation is both clinically effe 
cost-effective in the management of patie 
recurrent SVT and VT. Prospective reimbi 
plans should include a specific DRG categ 


these studies. | | 
(Am J Cardiol 1985;55 :963 9 








been suggested,” Critically ill patients requi 
diagnostic and therapeutic interventions ha 
portionately higher hospital costs and poor 
Tertiary care facilities have the highest р 
of these patients, and а major proportion ( 
to 68%) of hospital revenues is derived f 
admissions.? 

Clinical electrophysiologic (EP) P hi 
recently added to the spectrum of cardiac diag: 
and therapeutic procedures. During EP pro 
standard cardiac catheterization techniques: 
to place electrode catheters at different sites 
heart. Complex electrical pacing techniques 
through these intracardiac electrodes reprodi 
clinical arrhythmia in the EP laboratory. T 
rhythmia is defined and the effects of different 
peutic agents is examined. The underlying prer 
that an effective antiarrhythmic agent establis 
the EP test will be clinically effective during sub: 
chronic therapy. Thus, the EP study provides : 
anism for rapidly determining the efficacy or in 
of different therapeutic alternatives in these p 
Serial studies are frequently required for an e 
antiarrhythmic regimen to be identified fror | 
of options. In contrast to. al 
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oing initial Empirical Therapy and 
quent Invasive Electrophysiologic 
. Evaluation 


empirical therapy 
tion of iliness: 2 to 216 months (mean 66 + 88) 
umber of hospitalizations: 64 (mean 4.4) 
of hospital stay: 624 days total 
2 to 310 days (mean 46 + 82) 
г of drug trials: 1 to 5 (mean 2.8 + 1.2) 
ophysiologic evaluation 
al number of hospitalizations: 15 
of hospital stay: 168 days total 
2 to 31 days (mean 12 + 8) 
ber of electrophysiologic procedures: 32 total 
» 1 to 9 procedures (mean 2.3 + 2.2) 
ysiologic-based therapy 

of follow-up: 19 to 38 months (mean 30 + 8) 
number of hospitalizations: 4 (mean 0.3) 
titration: 2; Drug side effects: 2 
gth of hospital stay: 7 to 42 days (mean 4 + 11) 
































ong-term follow-up determines clinical efficacy 
efficacy, the EP-guided approach permits rapid 
ontrolled systematic evaluation of antiarrhythmic 
y. In this report we examine the medical eco- 
cs of this new approach to the evaluation of the 

rent tachycardias to determine if this lessened the 
astrophic" hospital expenditures for these patients. 
tion, we also examine the potential impact of the 
t prospective reimbursement schedules for pa- 
) with serious cardiac tachyarrhythmias on health 
facilities undertaking this new therapeutic 
ach. 


Costs Associated with Electrophysiologic 
E Evaluation 


ystematic analysis of the economic impact of the EP 
roach requires evaluation of the costs associated 
4P evaluation. The costs of EP admissions for 
its with recurrent ventricular tachycardia (УТ) 
lewark Beth Israel Medical Center were recently 
Led.? The average cost in 1980 and 1981 was 
and the mean length of hospital stay was 24 
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1. Comparison of hospital costs for patients with recurrent 

itricular tachycardia during empirical therapy, electrophysio- 

?) evaluation and EP-based therapy. Note the marked reduction 
1 costs during the latter treatment period. NI 
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Primary Mapping Catheter Catheter 
Study Study in Situ inserted 
Supplies 
Disposable $235 $235 $131 $131 
Reusable $30 $30 $30 $30 
Electrode $486 $908 — $185 
catheters 
Personnel 
Costs $108 $123 $39 $54 
Total cost $859 $1,206 $200 $400 


days. An average of 3 EP procedures was required to 
select effective therapy. А significantly shorter hospital 
Stay (15 vs 33 days) and fewer EP procedures (2.7 vs 3.5) 
‘were required for VT patients discharged with antiar- 
rhythmic therapy other than amiodarone. Similar data 
are now available for patients with recurrent supra- 
ventricular tachycardia (SVT) from the same hospital. 
Table I is based on actual data obtained from 14 con- 
secutive patients admitted to the Cardiac Arrhythmia 
Service at Newark Beth Israel Medical Center in 1980 
and 1981. These patients had initially undergone trials 
of empirical therapy before undergoing EP evaluation 
and being placed on EP-guided antiarrhythmic therapy. 
Empirical therapy given over a mean duration of 66 
months was associated with frequent hospitalizations 
for recurrent SVT (mean 4.4). Using previously de- 
scribed methods,® the mean length of hospital stay for 
EP evaluation was 12 days and the mean number of EP 
procedures performed was 2.3. This is significantly 
lower than for patients with recurrent VT. The average 
cost of an EP admission for SVT reflects this— $6,990. 
On EP-based therapy there was a marked reduction in 
readmissions for recurrent SVT (mean 0.3) during a 
mean follow-up period of 30 months. Figure 1 illustrates 
the hospital charges associated with empirical therapy, 
EP evaluation and follow-up on EP-based therapy for 
this group of patients with recurrent SV'T during each 
treatment period. There is a striking decrease in hos- 
pital costs on EP-based therapy. 

The costs of EP procedures were analyzed at our 
center.? The actual cost for all EP procedures in 1981 
averaged $695 per procedure, excluding capital costs. 
Table II shows a further breakdown of EP procedure 
costs for primary, serial and preoperative mapping 
procedures. Costs for intraoperative mapping have not 
been included due to marked variability in current 
techniques. Since less than 10% of our total patient 
population undergoes cardiac electrosurgery, this has 
limited impact on overall procedure costs. Physician 
fees were not included in this analysis. There are higher 
costs associated with primary and catheter mapping 
procedures than with serial studies because of the re- 
quirement for greater supply and personnel time 
charges. The actual procedure charge to the health care 
system includes indirect costs and can add 67% to 100% 

















їс cy and Cost:Benefit Ratio 
. The role of EP testing to determine therapy for pa- 
tients with recurrent sustained VT and sudden death 
syndrome has been evaluated.?-!? Drug testing using EP 

techniques predicts efficacy and inefficacy of chronic 
antiarrhythmic therapy in this patient population. 
Suppression of inducible sustained VT shows a high 





` degree of correlation with clinical VT suppression оп 
. follow-up and improves patient survival.3:10:12 The role 
of this technique in the prediction of the efficacy of 
amiodarone in VT has been debated, but recent reports 
> suggest that it is of value in this clinical setting as 
-oo well.1?:4 EP-guided therapy with antitachycardia de- 
vices and mapping-guided surgical resection of УТ foci 
have also been effective in arrhythmia control.!5-!7 
Comparison with historical data indicates improved 
patient survival with all these approaches when used 
selectively.9:18 
The use of EP testing in the selection of antiar- 
rhythmic therapy for patients with recurrent SVT was 
reported.99-22? Selection of chronic antiarrhythmic 
therapy based on EP testing provides long-term ar- 
rhythmia control in 88% of patients with paroxysmal 
SVT.!? EP-based drug testing has also been performed 
in patients with atrial fibrillation and the preexcitation 
syndrome.?! It has been effective in selecting sup- 
pressive antiarrhythmic drug therapy in those patients. 
Comparison of the the EP approach in all types of SVT 
with empirical selection of therapy has confirmed its 
superiority with regard to clinical efficacy and reduction 
in long-term morbidity.?? A variety of EP-based anti- 
arrhythmic therapeutic approaches, including drugs, 
antitachycardia pacemakers and EP-guided surgical 
intervention, has been used in patients with recurrent 
SVT.19-24 
A cost:benefit analysis was performed on our patients 
comparing hospital costs prior to EP evaluation to those 
subsequent to it on EP-based therapy in equivalent 
treatment periods. The mean charge per patient day is 
calculated by taking the total charge for the EP ad- 
mission, subtracting the procedure charges and dividing 
the remainder by the total number of patient days for 
the EP admission. The methods used in cost:benefit 
analysis have been previously described.? A cost:benefit 
analysis is now possible in patients with recurrent SV'T 
and VT. Significant differences exist in the pattern of 
utilization of health care dollars for the 2 conditions. 
Recurrent V'T often follows a relatively acute course 
with a large proportion of economic resources being used 
within 1 year of the onset of the disorder, and carries a 
high morbidity and mortality.9!* Selection of chronic 
antiarrhythmic therapy based on EP testing signifi- 
cantly reduces subsequent hospitalizations and con- 
comitant health care expenditures and improves sur- 
vival. The cost:benefit ratio (hospital days before EP 
study to hospital days after EP study) in patients with 
recurrent VT was 18:1 within 1 year. Treatment of re- 
current SVT has a longer diagnostic/therapeutic course 
with variable but lower overall morbidity and mortality. 
EP-based therapy for this disorder also reduces hospital 














'osts over those of previous empirical therapy (Fig.1). -and increased personnel time a ethe larg 









expenditures with a cost:benefit тай 
Comparison with Alternative Approact 
Controlled Selection of Antiarrhythmic T 


Lown and co-workers192526 used serial pr 
exercise testing and ambulatory monitoring 
antiarrhythmic drug therapy in patients with 
VT/ventricular fibrillation. Using this appr 
average length of hospital stay for their patiet 
days; an average of 5 acute drug tests per pa 
required to select effective antiarrhythmic t 
Winkle et al," using ambulatory monitoring 
quent measurements of antiarrhythmic bl 
concentrations, reported an identical length 
These lengths of stay are clearly similar to t 
ported for patients with VT undergoing EP tes 
are longer than those reported for patients un 
EP testing who received antiarrhythmic ther 
than amiodarone.? The procedure costs assoc: 
noninvasive techniques are significant. We h 
culated that the costs of multiple exercise test: 
latory electrocardiographic recordings and seri 
drug concentration determinations describet 
Lown program are comparable to the cost of 
ation (Table III, Fig. 2). A substantial propo 
patients with life-threatening ventricular arrh 
fail to manifest spontaneous ventricular ectopic 
thereby precluding a noninvasive approach. Tt 
alternative to EP evaluation for controlled sel 
antiarrhythmic therapy in these patients. Non 
techniques are difficult to apply to acutely ill 
or to patients with severe symptomatic arrh 
and therapeutic options are usually limited 
macologic agents. No published data are availa 
the use of these noninvasive approaches in tre: 
of patients with SVT. In addition to overcomin 
clinical limitations of the noninvasive approac! 
objective data would support the contention t. 
techniques have comparable, if not lower, cos 
empirical use of electrical and surgical therapy h 
considered in patients with sustained VT. Emp 
of pacemakers in this patient population . 
largely unsuccessful.!? However, alternative ap 
such as implantable defibrillators or cardiover 
being evaluated.?728 EP evaluation is essential 
curate patient and device selection and to ensur 
cacy and safety. Empirical surgical approaches 
shown inferior clinical results to mapping-guide 
gical techniques.” 








































































Limiting Costs of Electrophysiologic Evalua 


Costs in this study were based on a laborator 
forming 300 to 400 procedures annually. The: 
costs for EP procedures result from the need foi 
tiple studies. Costs for serial studies are substa: 
lower than for initial studies because of the requ 
for less complex recording and fewer stimula 
cedures. Supply costs (single use electrode ca 






















































Selection of Antiarrhyt 
__ Ventricular Fibrillation 


Length of hospital stay (days) 
Cost @ $495/day 
Procedure costs 
EP study @ $695 
Holter monitor @ $150 
Serum drug concentration @ $45 
Exercise testing @ $130 
Average total cost per patient 


EP = electrophysiologic. 


the cost of EP studies. While limited cost re- 
on can be anticipated in personnel costs due to the 
of the procedure, the use of multiple use elec- 
atheters can further decrease costs. New strat- 
for EP procedure cost containment include de- 
g new algorithms to reduce the need for repeated 
dies. Most health planners would also support 
ilization rates for EP laboratory facilities. This 
es optimal clinical results and lowers the cost per 
dure, based on the theory that there is an inverse 
ation between the number of studies performed 
leir unit cost. 29,30 





Impact of Prospective Reimbursement 
. . on Electrophysiologic Centers 


ie prospective reimbursement system, based on 
nosis-related groups (DRGs), was initially intro- 
1 as a pilot project in New Jersey. It is being im- 
nted nationwide.332 Hospital reimbursement is 
d оп a diagnostic category applicable to the indi- 
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led selection of antiarrhythmic therapy. Noninvasive Analy в OF the dati 
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Noninvasive Evaluation EP Evaluation 


18 23 

$8,910 $11,350 

— (X3) $2,085 

(X8) $1,200 (X1) $150 
(X32) $1,440 (X5) $225 
(X22) $2,860 (X1) $130 
$14,410 $13,590 


vidual patient. There is no specific DRG for patients 
undergoing EP evaluation (Table IV). In New Jersey, 
DRGs 138 and 139 include general categories for cardiac 
arrhythmias. Reimbursements reflect calculated costs 
of empirical treatment and noninvasive diagnostic 
studies. The average length of hospital stay in these 
DRGs ranges from 6.1 to 7.1 days with a maximum 
permissible reimbursement in 1983 of $3,227. These 2 
categories greatly underestimate the costs of noninva- 
sive controlled approaches to the selection of antiar- 
rhythmic therapy if one uses a controlled approach such 
as that described by Lown. Whenever invasive diag- 
nostic cardiac studies are performed, DRG categories 
124 and 125 may be used. These categories are used for 
patients who undergo cardiac catheterization with and 
without complex cardiac diagnosis, respectively. The 
highest average length of stay in these categories is 10.2 
days, and the maximum reimbursement is $4,672. These 
categories underestimate the cost of invasive EP eval- 
uation for SVT and VT by 33% and 76%, respectively. 
Patients who undergo EP evaluation, particularly for 
VT, are presently considered “outliers” due to their 
unusually long length of stay. In these cases the hospital 
is reimbursed for "controlled" charges (the actual cost 
of care, plus a markup factor for indigent care and in- 
direct costs subject to limitations by the state), rather 
than for the flat DRG rate.?? The national Medicare 
system also provides for outliers, but has a slightly dif- 
ferent definition that addresses both *day outliers" and 
"cost outliers." However, a 5.5% goal has been set for 
total outlier payments in the federal system.?? The 
present categories in the prospective reimbursement 
system do not fairly address the costs associated with 
hospitalization for EP evaluation. Hospitals are forced 
to absorb the losses associated with EP services and this 
serves as a deterrent to the further development of 
clinical EP services. Since a ceiling on the number of 
outliers permitted in the Medicare system is likely, the 
need for a specific DRG category for patients under- 
going EP evaluation is pressing. 

To formulate a new DRG category, an economic data 
base needs to be developed to consider the costs of EP 
evaluation. Our data provide the initial information for 
this formulation. This data base should be refined and 
expanded. А specific patient population that would 
benefit from EP evaluation has been identified.9. 
Analysis of the data base for these patiei 
































































Average Length a КОЛУ 
DRG Category of Stay (days) Reimbursement Rate 
124 Cardiac cath with complex 10.2 $4,672.00 
diagnosis 
125 Cardiac cath, no complex 2.6 $2,392.00 
diagnosis 
138 Arrhythmia and conduction disorders 7.1 $3,226.95 
age «70 years 
139 Arrhythmia and conduction disorders 6.1 $2,625.53 
age >70 years 





ment of these patients. During initial DRG category 
formulation, specific rates are often not set and con- 
trolled charges are billed until appropriate standards 
can be developed. Subsequent i increases are dependent 
on inflation factors in order to accurately value a par- 
ticular DRG. It has been suggested that a DRG category 
should only be created if it is universally applicable and 
if sufficient numbers of patients exist to warrant a new 


1 category. However, a precedent exists for specific 











nonuniversal DRGs, for example, in the case of coronary 
artery bypass surgery or of cardiac pacemaker implan- 
tation. À current nationwide survey (1982) reported that 
there are 76 EP laboratories performing more than 
16,000 EP studies annually. There has been a 45% in- 
crease in the number of EP centers from 1980 to 1982, 
with a 100% increase in the number of procedures in the 
same period (Survey; Medtronic, Inc., report on file: J. 
N. Ruskin, personal communication, 1982). In 1982, 
more than 11,500 patients underwent EP studies in 
the U.S. 

Available information indicates that EP evaluation 
of patients with recurrent SVT and VT can be per- 
formed safely and that it is both clinically effective and 
cost effective.9? New strategies must be developed for 
further reduction of costs. The need for multiple sup- 


" port services, highly trained personnel, and health care 


cost containment should restrict the development of EP 
services to tertiary care regional cardiac facilities.?9.30 
Prospective reimbursement plans significantly lag be- 
hind state-of-the-art medical practice. This can, as in 
the case of EP services, serve as a deterrent for the de- 
velopment of clinically and economically desirable 
therapeutic techniques. We believe that prospective 
reimbursement plans should include specific categories 
for patients admitted for invasive EP evaluation of re- 
current SVT and VT. 
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prospective and a retrospective study, the ef- 

of hyperkalemia on the electrocardiogram 
-of patients treated with customary mainte- 
doses of digoxin were examined and the re- 
vere compared with the effects of hyperka- 
in patients not receiving digitalis. The 
spective study included 11 patients treated and 
treated with digitalis, and the retrospective 
27 patients treated and 61 not treated with 
Mis. In all patients serum potassium concen- 
ns (Ks) were determined within 1 hour of the 
orded electrocardiogram. Serum digoxin con- 
lions, measured in 11 patients in the pro- 
ive and in 4 in the retrospective study, ranged 
7 to 5.0 ng/ml, and exceeded 2.0 ng/ml in 10 
5 patients. Since the results of the prospective 
f the retrospective study were similar, they 
combined. In patients treated with digitalis, Ks 
ed from 5.5 to 6.6 mEg/liter in 21 patients, from 
to 7.5 mEq/liter in 17 and from 7.6 to 8.5 mEq/ 











lis slows atrioventricular (AV) conduction by the 
-stimulating, antiadrenergic and direct effects on 
/ node.! Toxic digitalis doses increase automa- 
of ectopic pacemakers by increasing the rate of 
liastolic depolarization, and perhaps producing 
ggered afterdepolarizations.? 

Hyperkalemia alters atrial, His-Purkinje and intra- 
cular conduction by decreasing the rate of rise of 
tion potential, decreasing the resting membrane 
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. Effects of Hyperkalemia on the Electrocardiogram 
of Patients Receiving Digitalis 


E RAHAM WEIZENBERG, MD, ROBERT N. CLASS, MD, and BORYS SURAWICZ, MD 


liter in 6; the Ks was 9.1 mEq/liter in 1 patient. The 
ventricular rate in patients treated with digitalis 
ranged from 48 to 140 beats/min, and was not sig- 
nificantly different from that in untreated patients 
within each range of Ks. Atrioventricular (AV) 
junctional rhythm occurred more frequently in the 
electrocardiograms of digitalis-treated patients (15 
of 45 vs 2 of 76, p «0.001). The average PR intervals 
were longer in patients treated with digitalis who had 
Ks greater than 6.6 mEg/liter, but no patient in the 
study had greater than first-degree AV block, and 
no patient required a pacemaker. QRS duration 
tended to increase with increasing Ks, and at high 
Ks was longer in digitalis-treated patients, pre- 
sumably because of a greater incidence of ectopic 
rhythms. The results of our study show that the 
digitalis-treated hospital patients with hyperkalemia 
maintain a 1:1 AV conduction and an adequate rate 
of sinus and ectopic pacemakers. 

(Am J Cardiol 1985;55:968-973) 


potential, and shifting the level of threshold potential? 
Slight to moderate hyperkalemia may accelerate con- 
duction by decreasing the difference between resting 
membrane potential and threshold potential, but ad- 
vanced hyperkalemia slows conduction in all parts of 
the heart. Hyperkalemia also suppresses automaticity 
of ectopic pacemakers by decreasing the rate of diastolic 
depolarization.? ''hus, advanced hyperkalemia may be 
expected to suppress digitalis-induced automaticity of 
ectopic pacemakers and to enhance digitalis-induced 
AV block. This suggests that hyperkalemic patients 
treated with digitalis may be at risk of having high- 
degree AV block and bradycardia. 

Studies in animals and man have shown that rapid 
intravenous administration of potassium (K) salts may 
cause AV block and bradycardia both in the presence 
and absence of digitalis.*-8 In the studies of Fisch et а1,89 
rapid intravenous administration of K phosphate pro- 
duced AV block earlier and at lower plasmaKlevelsin .. . 
the digitalis-treated dogs than in those not treated with: 
digitalis. Also, Fisch et al® and Zim: 












































































Prospective Study ) 3 stive Study э 
Мо Мо 
Digitalis Digitalis Digitalis Digitalis 
No. of ECGs (no. of pts) 11 (11) 12 (11) 65 (61) 33 (27) 
Ks (mEq/liter) 
5.5-6.5 5 6 28 15 
6.6-7.5 2 5 27 12 
7.6—8.5 2 1 8 5 
278.6 | 2 0 2 | 1 


TABLE Н Retrospective Study 








Ks (mEg/liter) 
5.5-6.5 6.6-7.5 7.6-8.5 28.6 
Ventricular rate No digitalis 55-150 50-155 60-130 100-125 
(beats/min) E | 
Digitalis 48-135 50-140 60-100 80 
PR interval (sec) No digitalis" 0.12-0.24 0.11-0.22 0.14-0.22 0.17 
Digitalist 0.12-0.18 0.14-0.32 0.22 — en 
QRS interval (sec) No digitalis 0.07-0.11 0.07-0.14 008-025 0.10-0.13 
Digitalis 0.08-0.20 008-016 0.14-0.22 0.20 


* Fifty-eight of 65 ECGs; 118 of 33 ECGs. 
Ks = serum potassium concentration. 


in digitalis-treated patients, but found no correlation 
between the percent prolongation of AV conduction and 
either the percent or the absolute increase in plasma K 
concentration.!? 

The effects of spontaneously occurring hyperkalemia 
on the electrocardiogram (ECG) of patients treated with 
digitalis and the possible consequences of the interac- 
tion between hyperkalemia and digitalis have not been 
studied systemically. This study examines the effects 
of this interaction on the ECG in patients treated with 
maintenance doses of digitalis. Some of the early results 
were reported in the abstract form.!? 


Methods 


Patient selection: The effect of hyperkalemia on the ECG 
in the presence and absence of digitalis was examined in a 
prospective and in a retrospective study of patients at the 
University of Kentucky Hospital. The prospective study in- 
cluded ECGs of patients hospitalized from July 1, 1980, to 
April 1, 1981. During this period all patients with the ECG 
pattern of hyperkalemia, identified during routine daily 
electrocardiographic recordings, were examined. They were 
included in the study if their serum K concentration (Ks) was 
at least 5.5 mEq/liter in a blood sample drawn within 1 hour 
of the recorded ECG, and if they received no food or medica- 
tion within the period between electrocardiographic recording 
and blood sampling. À total of 23 ECGs were accepted from 
22 patients (12 men, 10 women). Of these, 11 were not treated 
with digitalis and 11 (12 ECGs) were treated with maintenance 
doses of digoxin. Their digoxin blood concentration was de- 
termined in blood samples drawn within 5 to 6 hours after the 
administration of the last oral digitalis dose. No patient in- 
cluded in the study was treated with -adrenergic blocking 


ог antiarrhythmic drugs. 


In the retrospective study, we examined records of 171 
ts whose ECG was coded as having hyperkalemia pat- 
n 1964 and 1980. In 88 patients (98. 


n tit 3 









ia were c 





ECGs), the . 
drawn within beats/min 









^' Retros 





1 hour of the electrocardiographic recording in th 
of intervening treatment. The group included 65 E 
61 patients not treated with digitalis and 33 ECGs 
patients treated with maintenance doses of digitalis. ^ 
blood digitalis concentrations in this group were availak 
in 4 cases. | (Uk 
In both the prospective and the retrospective stud; 
the causes of hyperkalemia were similar in patients: 
and not receiving digitalis. Hyperkalemia was attrib: 
renal failure in 86 patients, administration of aldo: 
antagonists in 5 and metabolic acidosis in 13. In 6 patiei 
cause could not be determined from the review of ri 
Each ECG was examined for heart rate, rhythm, c 
morphology of the QRS complex, and duration of th 
terval. All patients treated with digitalis received 
nance dose of digoxin, ranging from 0.125 to 0.375 n 
day of electrocardiographic recording and for no les 
preceding consecutive days. E 2 
All ECGs were recorded at a paper speed of 25 mr 
determinations were performed on an instrumenta 
oratory flame photometer using cesium as an inter 
dard. Digoxin concentrations were measured using a 
immunoassay method of Kallestad Laboratories. . 
The t test for unpaired data was used to determ 
statistical significance of the results. 





Results 


Serum potassium and digoxin concentra 
(Table I): Table I lists the numbers of patients 
in 4 ranges of Ks. Serum blood digoxin concen: 
in 15 patients (11 from prospective and 4 from 
spective study) ranged from 0.7 to 5.0 ng/ml. 1 
goxin concentration exceeded 2.0 ng/ml in : 
patients. : 
Ventricular rate: In the retrospective s 













































* Nine of 11 ECGs; Î 5 of 12 ECGs. 
Ks = serum potassium concentration. 


* One atrial ectopic rhythm. 


їп each range of Ks, the ventricular rate differences 
the digitalis-treated and untreated groups were 
ificant. Of 3 patients with Ks of 8.6 mEq/liter 
‚Ше ventricular rate was 100 and 125 beats/min 
ients not treated with digitalis and 80 beats/min 
ient treated with digitalis. 
» prospective study, the ventricular rate ranged 
{о 120 beats/min in patients not treated with 
апа from 54 to 140 beats/min in those treated 
igitalis (Table IIT). There was no correlation be- 
entricular rate and blood digoxin concentration. 
atients with serum digoxin levels greater than 2.0 
the ventricular rate averaged 85 beats/min (range 
0). 
thm: Ectopic rhythms occurred more frequently 
talis-treated patients. In the retrospective study, 
ictional rhythms and regular rhythms with a wide 
mplex but no discernible P waves or f waves were 
in 13 patients receiving digitalis and in 6 pa- 
Xt receiving digitalis (Table IV). This difference 
gnificant (p «0.01). In the prospective study group 
1 patients treated with digitalis, an AV junc- 
hythm was present in 6 and an ectopic atrial 
in 1; of the 11 patients not treated with digitalis, 
illation was present in 2 and sinus rhythm in 
› 45 ECGs in 38 digitalis-treated patients with 
to 8.9 mEg/liter an AV junctional rhythm was 
п 6, and an unidentifiable regular rhythm with 
QRS complex in 4. Of the 76 ECGs in 72 patients 
ed with digitalis with Ks of 5.5 to 9.1 mEg/liter, 
tional rhythm was present in 1 patient and an 
tifiable regular rhythm with a wide QRS complex 
ients. Of patients with Ks greater than 7.6 
, Sinus rhythm was present in 7 of 10 not 









M T m ira a i a 


Prospective Study 
Ks range (mEq/liter) 5.5-6.5 6.6-7.5 
Digitalis Yes No Yes No 


AV junctional rhythm 4 0 3* 0 


Wide QRS rhythm 0 0 0 0 
Atrial fibritlation 0 1 0 1 
Total 4 1 3 1 





Ks (mEq/liter) 


5.5-6.5 6.6-7.5 7.6-8.5 28.6 
Ventricular rate No digitalis 75-120 75-120 73-83 50—80 
(beats/min) | 
Digitalis 75-130 60-140 54 TM 
PR interval (sec) No digitalis * 0.14—0.20 0.18 0.13-0.16 — 0.20-0.24 
Digitalis! 0.18-0.24 0.20—0.28 0.28 -— 
QRS interval (sec) No digitalis 0.08—0.14 0.08—0.16 0.11-0.12 0.16-0.22 
Digitalis 0.08—0.10 0.08--0.15 0.12 me 


TABLE IV Ectopic Rhythms (No. of Electrocardiograms) 


Retrospective Study 
5.5-6.5 6.6-7.5 7.6-8.5 28.6 
Yes No Yes No Yes Мо Yes No 
4 1 3 1 2 0 0 0 
1 0 0 2 2 2 1 1 
0 0 2 0 0 0 0 0 
5 1 5 3 4 2 1 1 


AV = atrioventricular; Ks = serum potassium concentration. 


presence of severe hyperkalemia (Fig. 1 and 2). Figure 
1 shows AV junctional rhythm at a rate of 75 beats/min 
in the ECG of a 66-year-old woman with chronic renal 
failure treated with a daily maintenance dose of digoxin 
when Ks was 7.0 mEq/liter and digoxin level 3.8 ng/ml. 
Figure 2 shows the ECG of a 70-year-old woman treated 
with a daily maintenance dose of 0.25 mg digoxin and 
hyperkalemia attributed to metabolic acidosis when Ks 
was 7.4 mEg/liter, and digoxin blood level 3.0 ng/ml. 
The regular rhythm at a rate of 140 beats/min probably 
represents AV junctional tachycardia with a left bundle 
branch morphology of the QRS complex. On the next 
day, when the patient’s Ks is 4.3 mEq/liter there is a 
sinus tachycardia (130 beats/min) with a less wide QRS 
complex. Figure 3 shows the ECG of a patient with the 
slowest heart rate, and Figure 4 the ECG with the fastest 
heart rate observed during this study. 

PR interval (Tables II and ПІ): Within the Ks 
range of 5.5 to 6.5, PR intervals were not prolonged in 
most patients either treated or not treated with digitalis. 
When hyperkalemia was more advanced, PR intervals 
were frequently prolonged, and tended to be longer in 
digitalis-treated patients. 

Duration of the QRS complex: As expected, the 
duration of QRS complex tended to increase with in- 
creasing severity of hyperkalemia. 

Combined results of retrospective and prospec- 
tive studies: Because the results in the retrospective 
and prospective study were similar, we pooled the data 
from both studies, and compared the digitalis-treated 
patients with those not treated with digitalis, at similar 
levels of hyperkalemia. Table V shows that the ven- 
tricular rates of patients treated and those not treated 
with digitalis were similar withi ange. The 
average PR intervals were th 
eated with digitalis 
Eq/liter 
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Ks =70; Digoxin 3.8ng/ml 


FIGURE 1. Electrocardiogram from a patient with hyperkalemia and 
serum digoxin concentration of 3.8 ng/ml. Note atrioventricular junc- 
tional rhythm with a rate of 75 beats/min and an apparent retrograde 
conduction to the atria. CRF = chronic renal failure. 
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FIGURE 2. Electrocardiogram (ECG) of a 70-year-old woman treated 
: with a maintenance dose of 0.25 mg/day of digoxin in the presence of 
| mia (8-14-80) and after restoration of normal serum potassium 
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FIGURE 3. Electrocardiogram of a patient treated with digoxin wl 
serum potassium concentration (Ks) was 5.4 mEq/liter (8777-80) an and 
7.9 mEq/liter (8-22-80). Digoxin concentration оп 8-22-80 was 
ng/ml. Note slow atrioventricular junctional rhythm with mar 
deviation from the baseline. There was no evidence of recent г 
cardial infarction (MI) and ST-segment deviation regressed after c C 
rection of hyperkalemia (not shown). | 
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MAINTENANCE DIGOXIN 0.25 mg DAILY CONTINUED 
Kp mEq/L 5.1 6.9 3.0% 
BUN mg% 30.0 120.0 189.0 . 


FIGURE 4. Electrocardiograms of a patient with atrial frilation. Ss 1C 
left ventricular hypertrophy pattern treated with a maintenance 0.25 
mg dose of digoxin, recorded on 3 different days. In the tracin 
3-14-67 and 3-28-67 when plasma potassium (Kp) is 5.1 & 
mEq/liter, respectively, the rhythm is irregular and the ons duration 
is 0.09 second. On 3-24-67, in the presence of о о tam 
rhythm is regular, presumably AV junctional, with aberrant м aven- - 
мой ion and sS aa 11 кюбе helt е; 
dn уу on 3-28-67 тау be а result of 
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antly longer in patients treated with digitalis (p 
or both ranges). The average QRS duration was 
intly longer in digitalis-treated patients with Ks 
range of 6.6 to 7.5, and with Ks in the range of 7.6 
1Eq/liter. These differences may be due to a 
number of presumably ectopic rhythms with a 
tS complex in the digitalis-treated patients. 


Discussion 


ary to the expectations, the combination of 
lemia and digitalis did not produce a higher 
rst-degree AV block or severe bradycardia. The 
ventricular rate was 48 beats/min, and no patient 
ed ventricular pacing during treatment of hy- 


emia and digitalis toxicity. 

inger et all? described a patient treated with 
is therapy in whom a third-degree AV block with 
idioventricular escape rhythm occurred during 
sion at a fast rate, but normal AV conduction 
od at a slower rate of infusion. This suggests that 
desirable effects of hyperkalemia may be pre- 
ed by the rate of development of hyperkalemia, 
at the effects of parenteral К administration on 
уһ and conduction are not necessarily anal- 
о the manifestations of chronic hyperkalemia. 
et al" observed second-degree AV block after 
dministration of K salts intravenously in 76 of 
riments in dogs at plasma К concentrations of 


0.4 mEg/liter (average 8.3). Commenting on the 
ancy between these findings and the rarity of 
egree AV block in patients with hyperkalemia, 
pointed out that the rate of plasma K concen- 
increase accompanying intravenous K admin- 
n in dogs was probably different from that 
ng during spontaneous development of hyper- 

in man. 
oncentration of 5.5 to 6.5 mEg/liter, treatment 
talis produced no detectable effect on the du- 
the PR interval. The AV conduction is usually 
vat К levels that are slightly above normal.!? 
ings raise the question whether moderate levels 
kalemia counteract the digitalis-induced PR 
igation. The extrapolation from experimental 

лау be difficult. For instance, in isolated per- 
abbit hearts, increase of extracellular K con- 
ion from 4.0 to 7.5 mM counteracted the de- 
z effect of digitalis on intranodal transmission, 
esulted in improved AV conduction.18 













































in patients treated with digit 


QRS edi B (п) E 


5.5-6.5 0.09 + 0.01 (33) 
5.5-6.5 0.10 + 0.03 (21) 
6.6-7.5 0.09 + 0.02 (29) 
6.6-7.5 0.11 ± 0.03 (17) 
7.6-8.5 0.10 + 0.02 (10) 
7.6-8.5 0.16 +0.03 (6) 
8.6 | | ( | j 0.15 ± 0.04 (4) 
> 8.6 0.20 (1) 

aN a ا‎ ON ° о 0 


Differences between digitalis-treated and not treated: * p «0.01; f p «0.05. 
Ks = serum potassium concentration; VR = ventricular rate. 


However, in some experiments, the AV conduction 
failed in the presence of hyperkalemia because the im- 
provement of intranodal conduction by hyperkalemia 
was offset by the concomitant depression of conduction 
within the atria or distal to the AV node.!? Studies in 
dogs have shown also that moderate hyperkalemia may 
antagonize the effects of acetylcholine on AV conduc- 
tion, by interfering with the vagally enhanced de- 
cremental conduction.!?29 Therefore, moderate in- 
creases in extracellular K may be expected to antagonize 
the indirect effects of digitalis on AV conduction. Other 
unidentified factors that may affect AV conduction 
cannot be ruled out. In particular, we did not study the 
possible effects of calcium concentrations that could 
alter the effects of both digitalis and hyperkalemia.?! 
At concentrations of Ks greater than 6.6 mEg/liter, PR 
was longer in patients treated with digitalis than in 
patients not treated with digitalis, but no second-degree 
AV block was observed in this study. 

Of 76 ECGs in 72 hyperkalemic patients not treated 
with digitalis, AV junctional rhythm occurred in 2 
(2.6%) and wide QRS rhythm in 5 (6.6%). In contrast, 
of 45 ECGs in 38 hyperkalemic patients treated with 
digitalis, AV junctional rhythm was present in 15 (33%) 
and wide QRS rhythm in 5 patients (11%). In the ab- 
sence of P waves and intracardiac electrograms, we 
could not determine whether the wide QRS rhythms 
represented ventricular escape rhythms, ectopic su- 
praventricular rhythms conducted with aberration, or 
sinus rhythm with a sinoatrial block and aberrant in- 
traventricular conduction. The wide QRS rhythm 
tended to occur in both groups at higher Ks concen- 
trations, and was probably precipitated or facilitated 
by hyperkalemia, although in some cases, an increase 
in ventricular automaticity due to digitalis could also 
play a role in its genesis. However, the higher incidence 
of AV junctional rhythm without QRS widening in pa- 
tients treated with digitalis, and the frequent occurrence 
of such rhythm at only moderate levels of hyperkalemia, 
suggests that these rhythms represented digitalis tox- 
icity. In dogs, hyperkalemia induced by K administra- 
tion intravenously may produce AV junctional tachy- 
cardias,?? but this arrhythmia has not been reported in 
the clinical setting of hyperkalemia.22 

AV junctional rhythms are common manifestations 
of digitalis toxicity. We do not know whether hyperka- 


lemia alters the prevalence of this toxic manifestation | 












hanced or triggered automaticity of the latent pace- 
maker fibers.22 Hyperkalemia may be expected to 
suppress either mechanism.” It is possible that the rate 
of ectopic AV junctional or ventricular tachycardia 
caused by digitalis toxicity would have been higher in 
the absence of hyperkalemia. However, the preservation 
of an adequate heart rate shows that the mechanisms 
of digitalis-induced ectopic rhythms remain operable 
° within the ranges of elevated К concentrations en- 
countered in clinical practice. _ 
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ntricular activation was studied in 21 patients: 
ith normal electrocardiograms (group 1), 7 with 
transmural myocardial infarction (group Il) and 
ith prior transmural myocardial infarction (MI) 
ecurrent sustained ventricular tachycardia (VT) 
ip Ш). Fragmented electrograms were defined 
ose less than 3 mV in amplitude and longer than 
$ in duration. Such electrograms were found in 
group | patients, 6 of 7 group Il patients and all 7 
Ill patients. An average of 2 of the 12 sites 
pped in each patient displayed fragmented 
rograms in group Il; an average of 6 of the 12 
displayed fragmented electrograms in group 
0.01). Twelve of the 84 total sites mapped in 
p ll displayed fragmented electrograms, 
eas 39 of the 84 sites mapped in group Ill pa- 
j; did (p <0.01). The longest fragmented elec- 
im found in the 6 group Il patients in whom such 














zmentation of bipolar ventricular electrograms 
icomponent high-frequency signals of reduced 
tude and prolonged duration) is a well known 
quence of ischemia and myocardial infarction (MI) 
nimal heart. Studies of ventricular activation 
med during normal sinus rhythm in the human 
nimal heart with inducible sustained ventricular 
ardia (VT) have revealed such electrograms at 
he endocardial and epicardial surface.2-5 These 
nted electrograms could be shown to prolong 
remature stimulation and evolve into continuous 
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electrograms were found was shorter in duration 
than the longest electrogram found in each of the 7 
group Ill patients with fragmented electrograms (76 
ms vs 135 ms, p <0.005). The duration of endo- 
cardial activation was longer in group Il patients (79 
+ 7 ms) than in group | patients (39 + 4 ms, p 
<0.001). Duration of activation was also longer in 
group Ill patients (151 + 12 ms) than in either of the 
other groups (p <0.001). These results suggest that 
fragmented electrograms are uncommon in normal 
persons, common in patients who have sustained 
MI, and still more common in patients who have 
sustained МЇ and have a history of recurrent sus- 
tained VT. These electrograms may reflect slow 
conduction which is a necessary but not sufficient 
criterion for reentrant VT. 


(Am J Cardiol 1985;55:974-979) 


electrical activity before induction of recurrent sus- 
tained УТ. This led to speculation that fragmented 
electrograms recorded the slow component of a reen- 
trant circuit producing the tachyarrhythmia. 

Others have argued that these electrograms are an 
epiphenomenon—a marker for coronary artery disease 
(CAD) and the ventricular damage from MI rather than 
a marker for recurrent sustained УТ.6 One study 
showed that catheter motion in systole and diastole 
could produce similar abnormal signals. This study 
examines a group of patients with recurrent sustained 
VT and compares them with patients with similar ex- 
tent of CAD and patients with normal ventricular 
function. 


Methods 


Twenty-one patients who underw ent cardia 


tion were studied in the postabsor: 








































































). They were studied for chest pain syndromes ог a variety 
f electrophysiologic indications. None had clinical VT. Seven 
had CAD with previous MI and an akinetic LV segment, but 
no history of recurrent sustained VT (group II). The 7 patients 
in group III all had previous MI, an akinetic LV segment and 
documented recurrent sustained VT. LV function was similar 
‘in groups II and III. Patients in group П had more dyskinetic 
segments (6 vs 4) but higher ejection fraction (0.46 vs 0.40) 
than those in group III. Antiarrhythmic agents were discon- 
tinued 24 hours before the procedure. No patient was taking 
amiodarone before the study. The clinical data are summa- 
rized in Table I. | 

All patients who had normal sinus rhythm underwent LV 
endocardial mapping. А 6Fr electrode catheter was used with 
1-cm interelectrode distance under fluoroscopic observation. 
Bipolar electrograms were recorded from each of 12 prede- 
termined LV sites (Fig. 1) using a high-input impedance 
amplifier with a frequency response of 30 or 40 to 500 Hz. All 
electrograms were recorded at high gain (^1 cm/mV) at paper 
speeds of 150 to 200 mm/s. Calibration signals of 1 mV were 
recorded with the electrograms at each site. Representative 
experimental records from patients in each of the 3 groups are 
shown in Figure 2. Surface electrocardiographic leads I, aVF 
and V, were recorded simultaneously with the intracardiac 
. electrogram. Electrogram amplitude was measured peak to 
peak and duration from first high-frequency component to 
last. A fragmented electrogram was defined as one with an 
amplitude of less than 3 mV and with high frequency electrical 
activity lasting longer than 60 ms. These criteria were used 
prospectively and based on data derived from prior LV 
mapping studies in our laboratory. It should be considered an 
operating definition used to describe fragmented electrograms 
quantitatively. 

This study does not purport to differentiate between normal 
and abnormal electrograms. Other definitions of fragmented 
electrograms might have worked equally well. In addition, 
other types of electrograms (for example, late potentials with 
an amplitude of more than 3 mV), which were not considered 
abnormal in this study, may also be significant in recurrent 
sustained VT. 

Total endocardial activation was defined as the time from 
earliest to latest activation at the 12 sites mapped. The acti- 
vation time for nonfragmented electrograms was the time at 
4 which the largest high-frequency component crossed the 
> baseline. Activation time for fragmented electrograms was 

measured from the first high-frequency component crossing 
the baseline to last. Groups were compared using a 1-way 
analysis of variance. 
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FIGURE 2. Representative data from patients in 

each of 3 study groups. An electrogram from a 
normal site is shown from a patient in group 1. V. 
Fragmented electrograms are shown from pa- | 
tients in groups 2 and 3. 
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FIGURE 1. The 12 sites mapped in each patient. 


Results 


The clinical and angiographic findings are s 
rized in Table I. There was no significant di 
among groups in QRS duration and no signifi 
ference between groups II and III in ejection f 
incidence of akinesia or aneurysm formation. I 
significant differences in endocardial electrogram 
found among all groups (Table 1). 

We found no fragmented electrogram in an 
group 1 patients. Most group II patients (6 of 
some fragmented electrograms—an average of 
12 sites per patient in the 6 patients with such ele 
grams. Twelve of the 84 sites mapped in group 
tients demonstrated fragmented electrograms 

Fragmented electrograms were found in all g 
patients (7 of 7 patients). An average of 6 site: 
4 to 9) of the 12 studied in each patient demons 
fragmented electrograms—significantly differen 
the findings in group П (р <0.01). Thirty-nine о 
sites in the group as a whole demonstrated frag 
electrograms—significantly more than the incid 
group II patients (p «0.01). | | 
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| nented electrograms were 
recorded, the electrogram of longest duration in each 
patient was selected for comparison among groups (Fig. 
3). The longest fragmented electrogram from each of the 
`6 patients in group II with such electrograms ranged 
-from 60 to 88 ms (mean 76). The longest electrogram 
found in group III patients ranged from 95 to 170 ms 
(mean of 135) (p <0.005). 
.. Endocardial maps were constructed for each patient 
to determine the duration of endocardial activation for 
` comparison among groups. Figure 4 shows an activation 
map for a patient in group I. Activation begins at the 
` midseptum at site 3 and ends at the apex, site 1, 30 ms 
later. Figure 5 shows a representative endocardial ac- 
tivation map from a patient in group II. Activation be- 
` gins at midseptal site 3. Fragmented electrograms are 
` found at sites 3 and 4 on the septum and 8 on the basilar 
` lateral wall. The latest site activated is site 8 and the 
. duration of endocardial activation is 88 ms. The acti- 
` vation map from a patient with a history of MI and re- 
current sustained УТ is shown in Figure 6. Activation 
- begins at site 3 and ends at site 6, 171 ms later. Frag- 
mented electrograms are found at sites 3, 6, 8 and 11. 
. Figure 7 shows the comparison among groups. The 
` total endocardial activation time is significantly longer 
` in group II patients (79 + 7 ms) than in group I patients 
` (39 + 4 ms) (p <0.001) (Fig. 7). It is also longer in group 
III patients (151 + 12 ms) than in patients in either of 
the other groups (p <0.001). 


Discussion 


Electrophysiologic findings after MI include reduced 


amplitude and prolonged duration of bipolar electro- 

























































































LV 1 
LV 2 
LV 3 
LV 4 
LV 5 
У в 
LV 7 


LV 8 
LV 9 


LV 10 
LV it 





FIGURE 6. Sinus rhythm map from a patient in group 3, 
with a history of a myocardial infarction and sustained 
ventricular tachycardia. 











FIGURE 5. Sinus rhythm map from a patient in group 2, with a 
of a myocardial infarction but no ventricular arrhythmias. ` 










that intramural bipolai 
1yocardial scars were characterized by 
age, increase in duration, and sometimes 
notching.” 
et al? noted similar findings in humans using 
electrodes at the time of open-heart surgery. 
et al? measured epicardial electrograms and 
em markedly reduced over human aneurysm. 
ggested this procedure may be useful in delin- 
the border of aneurysm. We and others measured 
ardial electrograms using electrode catheters in 
nts undergoing cardiac catheterization and found 
e bipolar electrogram amplitude was reduced at 
al ү with progressive dyssynchrony of wall 
П. 
prolongation and fractionation of electrogram 
n was believed by Boineau and Cox? to represent 
led activation or local slow conduction. They 
iuch electrograms particularly in regions of in- 
eneous histochemical staining after experimental 
ng plunge bipolar electrodes. The duration of 
ntation lasted up to 215 seconds from the onset 
ivation, well after the end of the QRS complex, and 
rence was a requisite for the development of 
ular premature depolarization. 
herif et a11?:13 devised a composite electrogram 
epicardium that sums the electrical activity of 
rous bipolar electrograms in series over a zone of 
tion. Such composite electrograms revealed pro- 
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. GROUP 1 
risor tion of endocardial activation of 






longed low-amplitude ele 
into continuous electrical activity spanning the entire — 
cardiac cycle when a reentrant beat or tachycardia was 





systole. The only patient 


amplitude e. 


inducted. Although the composite electrode records 
from a large area of the heart and is, therefore, nonlo- 
calizing, the data recorded suggest that delayed acti- 
vation was associated with the onset of tachycardia. 

Electrode catheter studies in humans undergoing 
endocardial mapping for recurrent sustained VT have 
also suggested that fragmented electrical activity rep- 
resented slow conduction, which was a requisite for VT. 
Such catheter recordings are more local than those of 
the composite electrode using these catheter techniques. 
Using endocardial catheter mapping in normal sinus 
rhythm, it can be shown that patients with recurrent 
sustained VT had fragmented ventricular electrograms 
that: (1) during sinus rhythm, could extend beyond the 
QRS deflection in the surface electrocardiogram; (2) 
were found in zones of prior MI; (3) prolonged with 
premature stimulation and pacing; and (4) could be- 
come confluent to produce continuous electrical activity 
once VT was induced.‘ Klein et alë mapped ventricles 
in patients with coronary disease undergoing open heart 
surgery. He found fragmented electrograms in 21 of 
38 patients, 20 of whom had documented ventricular 
arrhythmias. 

In 2 patients with recurrent sustained VT after sur- 
gical repair of tetralogy of Fallot, fragmented electro- 
grams have been recorded from the right ventricular 
outflow tract, near the ventriculotomy scar, during 
normal sinus rhythm. Once tachycardia was induced 
and sustained continuous electrical activity was re- 
corded from the same catheter location, intraoperative 
activation mapping demonstrated a continuous ring 
of activation around the ventriculotomy scar. The 
electrograms were, therefore, recording this contin- 
uous wavefront as well as other “nonessential” 
activation.!4 

Thus, considerable evidence exists that reduced 
amplitude and prolonged duration of electrograms are 
frequently found by a variety of recording techniques 
in patients with recurrent sustained VT after MI. How 
it is related to VT mechanistically, however, is not 
resolved. 

Many investigators question whether fragmentation 
represents local activation and slow conduction at all. 
In 1 study, intracardiac recordings from 17 patients with 
and without CAD revealed fragmented ventricular 
electrograms in systole and diastole irrespective of the 
presence or absence of CAD or wall motion abnormali- 
ty.” It was postulated that in many instances fragmen- 
tation resulted from catheter movement during the 
cardiac style. We occasionally recorded activity of this 
type in normal areas, but it was temporally related to 
maximal motion in the cardiac cycle—or relaxation— 
and it usually had poor electrode contact with the en- 
docardium. These have never been classified as frag- 
mented electrograms in our laboratory and can be 
distinguished from true fragmented electrical activity, 
which is reproducible and occurs as least in part withi 
























itk ge LV aneurysm. In a recent review, 
: Gallagher et al€ noted that these electrograms might 
result from thrombus on the endocardial surface dis- 
placing the electrodes and increasing the solid angle 
subtended beneath them. А case was cited in which a 
fragmented electrogram recorded over the surface of a 
thrombus was normal after its removal. None of our 
patients had thrombus demonstrable angiographically; 
_ thus, displacement of the catheter tip from the en- 
` docardial surface was an unlikely cause of our group 
differences. 

With high gains used, the antenna effect of recording 
distant electrical activity, even if present, should have 
been similar in each group. Therefore, the findings that 
fragmented electrograms (all recorded at high gain) 
were most often found and longest in duration in pa- 
tients with VT suggest that these electrograms are not 
merely artifacts of high gain. These data cannot answer 
the question of whether fragmented electrograms rep- 
resent local activation, but we believe it is a local phe- 
nomenon because it could not be recorded at adjoining 
sites (2 to 3 cm distant). In fact, earlier studies revealed 
that such activity could be recorded in only 1 bipolar 
pair of quadripolar catheters.* In addition, fragmented 
electrograms often outlast the QRS deflection, partic- 
ularly in group III patients. This phenomenon is diffi- 
cult to explain on the basis of a high-gain recording of 
distant normal signals. Because the extent of LV dys- 
function was similar in groups II and III, the more 
profound alteration in ventricular activation in patients 
with VT (group Ш) makes it unlikely that frag- 
mentation and altered activation are merely epi- 
phenomena—electrical results of myocardial damage 
after MI. 

In summary, we found that fragmented electrical 
activity, as we defined it, must be rare in normal hearts, 
occurs in patients with MI in regions of profound wall 
motion abnormality, and is most extensively located and 
most prolonged in patients with VT. Thus, fragmented 
electrical activity is more than an artifact of high gain, 
catheter position or cardiac motion, and although it is 
a frequent concomitant of ventricular scar after MI, it 
is demonstrably more severe in the setting of VT. 

This suggests that fragmented electrograms are 
markers of local slow conduction that in some patients 
form the substrate for recurrent sustained УТ. A rea- 
























ctio ated | electrogram we was a apa- E : ` sonable. hypothesis is 


myocardial scars and may cons a 
VT when they become long enough 
becomes slow enough or when additional loc: 
met (e.g., disturbances in refractoriness or | 
etry). This slow conduction may then be co 
necessary, but not sufficient, requisite for { 
opment of VT. If this is so, fragmented elec 
longer than a certain duration are potentially 
of recurrent sustained VT. The specificit 
electrograms as markers of the presence and 
recurrent sustained VT needs further study. 
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undred nineteen patients with drug-refractory 

cular tachycardia (VT) underwent mapping- 
ded subendocardial resection for control of their 

ythmias from 3 weeks to 10 years after acute 
cardial infarction (AMI). Patients were sepa- 
d into 2 groups: those treated early (within 4 
ths, group |) and those treated later (after 1 
group П) after AMI. There were 32 patients in 
p | and 72 patients in group li. Both groups of 
ents had similar clinical, angiographic and he- 
ynamic characteristics. Patients in group І had 
vith a shorter mean cycle length than patients 
group li (322 + 71 vs 349 + 88 ms, p « 0.05). The 
ps did not differ with respect to operative mor- 
ty (1296 vs 796), late mortality (3196 vs 33%, 

n follow-up 23 months), or frequency with which 
indocardial resection without any adjunctive 
apy prevented postoperative spontaneous or 
cible VT (21% vs 34%). Group | was further 
rated into patients who underwent subendo- 
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cardial resection within 1 month of AMI (n — 7) and 
those who underwent subendocardial resection with 
2 months of AMI (n — 14). Although patients in group 
| were characterized by having more spontaneous 
morphologically distinct tachycardias, their opera- 
tive mortality, total mortality and surgical success 
rates were comparable to those of patients in group 
ll. The results of the study suggest that in a patient 
population with drug-refractory VT after AMI, (1) 
there are no clinical, angiographic, or hemodynamic 
variables that distinguish patients in whom VT de- 
velops early (within 4 months) from those in whom 
it develops late (longer than 1 year) after myocardial 
infarction; (2) VT early after AMI tends to have faster 
rates and increased number of distinct morpholo- 
gies; and (3) subendocardial resection early (within 
4 months, but even within 1 or 2 months) after AMI 
is associated with acceptable operative mortality 
and control of VT. 

(Am J Cardiol 1985;55:980-984) 




















ained ventricular tachycardia (VT) occurring early 
jin 4 months) after acute myocardial infarction 
D is an uncommon but serious management 
lem. Studies have shown that sustained VT oc- 
ing longer than 48 hours after AMI is inducible with 
'ammed ventricular stimulation during subsequent 
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`. operative or late mortality to the timing of sur 
D AMI and (4) the factors that dis 


electrophysiologic testing in up to 83% of patients! and 
has a high (more than 30%) incidence of recurrence 
despite drug therapy.” Surgery (usually aneurysmec- 
tomy/infarctectomy or coronary artery bypass grafting 
when indicated) has been suggested as alternative 
therapy when antiarrhythmic drugs have failed to 
control VT9-7; however, operative mortality rates for 
surgery carried out within the first 6 weeks after an AMI 
have been high, and some investigators have suggested 
waiting beyond this period before attempting surgery 
for sustained VT.9? We retrospectively evaluated the 
results of a different operation—map-guided suben- 
docardial resection—for sustained VT in the early 
postinfarction period, to determine (1) the ability of this 
surgical approach to prevent VT recurrence, (2) the. 
relation of surgical success in preventing VT recurrence E 
to the timing of surgery after AMI, (3) the relati Е. 




























Female 19 
Mean age (yr) 57 + 8 (range 32-78) 


Location of MI 
Anterior 93 
Inferior 26 
Mean # VT episodes 7 


MI = myocardial infarction; VT = ventricular tachycardia. 


early after AMI (within 4 months) from that occurring 


later (longer than 12 months) after AMI in patients with 
drug-refractory arrhythmias. 


Methods 


Patients: The patient population consisted of a consecutive 
series of 119 patients with a history of AMI and sustained VT 
who underwent subendocardial resection for control of their 
arrhythmias at the Hospital of the University of Pennsylvania 
in the period from October 1977 to October 1983. Sustained 
V'T was defined as VT that lasted longer than 30 seconds or 
required cardioversion. There were 100 men and 19 women, 
mean age 57 + 8 years (Table I). Myocardial infarction (93 
anterior, 26 inferior) had occurred 3 weeks to 10 years before 


surgery. In each case, antiarrhythmic drugs were either un- 


successful at preventing spontaneous or induced VT or 
produced intolerable side effects. All patients underwent 
preoperative angiographic and hemodynamic cardiac cathe- 
terization. All but 3 patients had undergone preoperative 
electrophysiologic study, during which V'T was induced by 
programmed stimulation and catheter endocardial mapping 
was performed of as many distinct VT morphologies as pos- 


sible, using techniques previously described.’ In each instance, 


surgery was carried out primarily for arrhythmia control. 
Three patients had emergency surgery without prior elec- 
trophysiologic study. 

The surgical procedure performed has been described in 
detail? Briefly, patients were placed on normothermic car- 
diopulmonary bypass, VT was induced by programmed 
stimulation, and epicardial or endocardial activation mapping 
of VT was performed. Once an endocardial “site of origin" (the 
site with the earliest local electrogram occurring in the latter 
one-half of diastole) had been identified for each distinct VT 
morphology (spontaneously occurring or induced-only), 
subendocardial resection was carried out to include that site 
(approximately 3 cm?) and a 1- to 1.5-cm margin on all sides. 
Additional surgical procedures included aneurysmectomy (105 
patients) and coronary artery bypass grafting (72 patients). 
Adjunctive cryothermal injury (Frigitronics Corp.) was carried 
out in 27 patients in whom sites of origin were located in the 
base of the papillary muscle or intramurally (Table IT). 

Patients underwent repeat electrophysiologic study 10 days 
to 2 weeks postoperatively; electrophysiologic study at that 
time included rapid ventricular pacing and introduction of 
single and double ventricular extrastimuli in all of the pa- 
tients, and triple ventricular premature depolarizations in 70 
of the patients during at least 2 paced cycle lengths from 2 
right ventricular and at least 1 left ventricular site. If inducible 
V'T (see definitions herein) was observed during this study, 
serial antiarrhythmic drug studies using electrophysiologic 
studies were performed to assess the ability of drugs to sup- 
press VT. 

Definitions: Disparate sites of VT origin: Endocardial sites 
of origin in at least 2 morphologically distinct VTs at least 5 
m distant. from. one another. 


` TABLE Il 


distinct. VTs: Two. УТ: morpholo- 


contralateral. bundle. Drench m | group П (1.4 + 0^ 














Subendocardial resection : 

Aneurysmectomy 

Number of patients with CABG 
mean # CABG/patient 


Cryosurgery 
CABG - coronary artery bypass graft. 




















block morphology or frontal-plane QRS axis more 
divergent. 
Operative mortality: Death within the first 30 da 
surgery. | 
Postoperative VT inducibility: The ability to repro 
initiate a uniform-morphology VT lasting longer 
seconds. : 
Surgery-alone failure: Postoperative recurrence 
(spontaneous or induced) or unexplained sudde 
death. 
Failure of surgery with/without drugs: Sponta 
recurrence despite antiarrhythmic agents, or posto | 
cardiac arrest. | 
Patients were classified as follows. Group I was co 
of 32 patients who underwent subendocardial resectio 
4 months after AMI; this group was subdivided i 
undergoing surgery within 2 months (14 patients) anc 
1 month (7 patients) after AMI. Group П was comp: 
patients who underwent subendocardial resection n 
1 year after the most recent myocardial infarction; 
served as a reference population to which group. 
subgroups were compared. Fifteen patients underwent 
4 to 12 months after infarction; these patients as a gr 
indistinguishable from the group II patients. Data con 
these patients are not presented here to allow for clea 
tinction between groups I (early) and П (late). | 
Statistical analyses were carried out using the chi 
test with Yates' correction for continuity in comparing: 
variables, as well as the Student unpaired t test for coi 
continuous variables. Comparisons with a p value «0.0! 
considered significantly different. Actuarial survival. 
analyzed using the Mantel-Cox method. 


Results 


Clinical data: Data on the preoperative va 
analyzed are shown in Table III. None of the c 
angiographic or hemodynamic characteristics ar 
significantly distinguished patients in group 1 
ment within 4 months) from those in group II 
ment more than 1 year after AMI). There was. 
ference between the groups with respect to nur 
individual antiarrhythmic agents failed before s 
including amiodarone. Forty patients in this ser: 
ceived amiodarone preoperatively, including 10 pa 
in group I (6 of whom received the drug intravenc 
and 30 patients i in group II. VT became incessan 
patients in group I who received amiodarone int 
nously, despite continued administration. Е 

Data on УТ characteristics are shown in Table І 
cycle length was significantly shorter among p 
in group I (4 months; 322 + 71 ms) compared wit 
іп group П (349 + 88 ms, p <0.05). Patients in ; 
who underwent surgery less than 1 or less than 21 
after AMI had a significantly greater mean nur 
spontaneous distinct VT morphologies (2 1+ 
1.8 + 0.9, respectively) compared with Шер 
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arly postinfarction surgery subgroups (less than 1 or 
months postinfarction), the percentage of patients in 
each group having multiple morphologically distinct 
УТ did not differ. 
. Survival and prevention of recurrence of ven- 
tricular tachycardia (Table IV): There were 9 oper- 
tive deaths among group I and П patients; patients who 
underwent surgery more than 1 year after AMI had a 
‘slightly but insignificantly lower operative mortality 
rate than patients who underwent operation early after 
` AMI (7% vs 12 to 14%). Total mortality (operative plus 
> late deaths) was likewise not different between the 
groups. The causes of death (operative and late) are 
shown in Table V. Congestive heart failure accounted 
for most of both early and late deaths; recurrent ar- 
rhythmia was the cause of 2 of 27 late deaths. Actuarial 
survival curves for groups I and П are shown in Figure 
_ 1. There is no significant difference in 5-year survival 
_ (66% for group I, 59% for group II) after a mean follow- 
`. up of 23 months. 
Finally, there were no statistical differences among 
. the groups in the ability of surgery alone to eradicate the 
` arrhythmia, nor in the ability of surgery with or without 
adjunctive antiarrhythmic drugs (which had preoper- 
atively been unsuccessful) to control VT recurrence 
~~ (Table IV). 




























Discussion 


The data show few significant differences in the 
outcome of surgery for patients operated on for VT early 
(within 4 or even within 1 or 2 months) vs late (after 1 
. year) after AMI. Of special note is the lack of a differ- 
ence in mortality (operative or late) or control of VT by 
. subendocardial resection (alone or with adjunctive 
.. antiarrhythmic drugs). Success of subendocardial re- 
section for У'Т is associated with certain variables, most 
notably the absence of multiple spontaneous distinct 
.V'T morphologies and lack of disparate sites of VT ori- 
gin.!? Neither of these variables occurred with increased 
frequency in the early versus late post AMI surgical 
"^ groups. 
Two distinctions between the early and late postin- 
farction surgery groups deserve further comment: 
VT cycle length: Tachycardias among patients in 
^. group I had a shorter mean cycle length than those in 
^. patients in group П (322 + 71 vs 349 + 88 ms, p <0.05). 
<. This may reflect a change in the substrate of VT over 
>. time such that, as a rule, the cycle length of VT is 
* slightly longer with longer elapsed time between in- 
farction and onset of V'T. It is unclear exactly how the 
substrate may change, or why, to produce this effect on 
cycle length. The very early treatment subgroup of 
© group I did not show а difference in VT cycle length 
—. compared with group II; this may be because of anti- 
-arrhythmic drugs that were required in these groups, 
‘such that the VT was never observed in a drug-free state 
which may have resulted in a shorter cycle length). 
- Mean number of spontaneous VT morphologies: The 
yearly treatment subgroups had a significantly 
an number of s pontaneous VT morphologies 














ogies was greater i in ithe: very TABLE V Causes of De 


V). This. may again _ n 
ily did 


Congestive heart failure 
Myocardial infarction 
Electromechanical dissociationt 


Late (n = 27) 











Congestive heart failure 
Myocardial infarction 
Sudden death 

Other? 


* Among entire series (n = 119). 

* No cause found at autopsy. 

t includes sepsis (2), ruptured pulmonary artery (1), ruptu 
cardial pseudoaneurysm (1), cerebrovascular accident (1), pr 
(1), respiratory failure (1). S 


























































this group of patients have an earlier onset of \ 
AMI, but more variable expressions of it morg 
cally (greater number of spontaneous disti 
morphologies). The cause of multiple morphol 
distinct VT is unclear,!! but it is generally agre 
they arise either from widely different areas 
ventricle (more than 5 cm apart in some cases) 
simply different manifestations of the same VT 
In the present series, there was no dispropc 
number of patients having disparate sites of о 
the group with a greater number of spontane 
morphologies; thus, it appears that either differ 
nearby circuits are responsible for additional V 
phologies, or that a single circuit has more "exit p: 
in the early post AMI phase, than VT which o 
later. 

Despite the statistical difference in mean numb. 
spontaneous V'T morphologies in the very early. 
ment subgroups, the number of patients who had 
tiple distinct VT morphologies was not statist 
different (Table IV, column 5). This trend towa 
increased number of VT morphologies is consisten 
our previous finding in a large population of pati 
with VT early after AMI who were treated pri 
medically.! | 

The overall efficacy of subendocardial resect 
this population with drug-refractory V'T, that is 
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Setimated by i the ‘classification ee alone 
." We believe that this term does, however, give 
re precise characterization of how the surgical 
e affects the tachycardia substrate. Patients 





ot were үзер with amiodarone therapy 
persistent VT inducibility. 
ined УТ in the first few months after AMI is not 
non; the incidence is within 7%.!2-14 Most studies 
in this period have assessed the clinical signifi- 
Jf nonsustained VT diagnosed on ambulatory 
‹ ardiographic monitoring,!^-1? and most suggest 
'ease in overall mortality among patients with 
ustained УТ found on electrocardiographic mon- 
ig. The patient population in the present study 
ded only patients with sustained (more than 30 
ids duration) УТ. There is less information re- 
ing the long-term outlook for this group of patients, 
prior studies?" suggest that they do poorly, with 
1%? to 100%? 3- to 6-month mortality rate and with 
T. to 80%! of deaths being sudden. The need exists 
an effective form of therapy to prevent VT recur- 
ce and sudden death in this subset of patients. Most 
ents in these prior studies were maintained on 
гару with conventional antiarrhythmic drugs. 
niodarone has good clinical antiarrhythmic efficacy 
Dite persistent VT inducibility i in the electrophys- 
gy laboratory when given either orally!929 or in- 
'enously.?! In the present series, several patients who 
ceived amiodarone intravenously had an increase in 
juency of УТ, with some tachycardias becoming 
ssant despite continued administration. It is unclear 
m previous studies on amiodarone whether patients 











us Anh other patients, In our experience, amiodarone 
pen failed to control VT i in the early postinfarc- 





















DU to the prior surgical experience with V'T 
n 1 or 2 months after AMI, which showed a high 
tive mortality (42 to 80%),%7 we found an accept- 
perative mortality for patients treated during this 
d (1495); this rate was not significantly different 
that of group II (7%). These figures compare fa- 
bly to a prior large study of aneurysmectomy alone 
ith coronary artery bypass grafting (18% operative 
lity).9 Many of the operative deaths in the earlier 
which consisted of patients treated with aneu- 
nectomy, coronary artery bypass grafting, or a com- 
on of these) were a result of recurrent arrhythmia, 
as none of the operative deaths was arrhythmic 
series of subendocardial resection with adjunctive 
ysmectomy or coronary artery bypass grafting. In 
n, recent techniques of myocardial preservation 





. current one. Finally, the results о x 


ased the operative mortality rate overall by . 

ncidence of. perioperative AMI and > 
{ "hese factors may, in part, explain 21 
he prior surgical. series and the — 











differ slightly from that of Marchlinski et 5 they foun: 
a higher operative and total mortality in the earl 
(within 3 months) post AMI VT group than we foun 
in the current study. The prior series consisted only с 
patients who had undergone preoperative electrc 
physiologic study, and thus excluded some of the pa 
tients in the present series. Additionally, that serie 
included only 11 surgically treated patients (1 of whon 
was treated with nondirected surgery, and 1 of whon 
underwent operation primarily for repair of a ventric 
ular septal defect). Furthermore, the more recent serie 
of patients benefited from continued advances in in 
traoperative myocardial preservation, which may als 
have contributed to the improved survival. 
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ШЕ BEST We 
TOPR E NIRE FOR THE 
FUTURE IS WITH THE 
DDD PACING SYSTEM SC 
ADVANCED IT CAN TELL 


YOU ABOUT THE PAST 
, ANDTHE PRESENT. 





INTERMEDICS 


COSMOS 


THE DIAGNOSTIC CAPABILITIES 
COSMOS OFFERS YOU 
ARE AS UNIQUE A9 
THE HEART IT SERVES. 
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When you've developed a DDD 
pacing system that solves 
problems such as Pacemaker 
Mediated Tachycardia, then 
made it astoundingly easy to 
use, what's left to add? 

First, there's Diagnostic 
Data, an exclusive COSMOS 
feature that provides cumu- 
lative memory information for 
effective post-implant follow- 
up. Second, Inquire Data. 
COSMOS tells you your pro- 
grammed values. And finally, 
Telemetry Data. Real-time 
measured values that tell you 
exactly how the pacemaker 
system is functioning. 


A complete patient 
history of pacemaker/ 
cardiac activity at your 
fingertips. 
In your office via the Rx2000 
Programmer you'll have a range 
of diagnostic data that is phe- 
nomenal. More than six months 
of heart beats, e.g., paced and 
sensed cardiac events, ar- 
rhythmias and PVCs, and the 
corrective actions by COSMOS 
are stored in its remarkable 
memory. And it’s yours at 
the press of the light-pen. 


Need to know your 


 $. original program? 
5*9. COSMOS will tell you. 


Just point the light pen. 
Need to adjust the 
pacemaker to better 











With COSMOS, you can retrieve a 
printed copy of more than 6 months of 
cardiac activity from the pacemaker's 
memory. 


can evaluate battery voltage, 
lead system impedance, actual 
rate and output — things you 
need to know to insure effec- 
tive pacing therapy and your 
patient's future safety. 


The Rx2000 Programmer provides you 
easy access to more clinically useful 
data than is available from any other 
PACING system. а. 










Better follow-up 

care is a matter 

of superior 
knowledge. 

No other pacing 
system does so much, 
so easily. But what 
does this combination 
of advanced telemetry 
and diagnostics do for 
you? Imagine knowing 
exactly how many times 
a patient's conduction 
system functioned on 
its own. Or being able 
to determine the 


meet the patient's condition? 
The Rx2000 Temporary Pro- 
gramming function will let you 
determine the clinical benefits 
before you commit the changes 
to the permanent program. 


Real-time Telemetry 
between COSMOS and 
Rx2000 lets you plan 
ahead. A 
Functional checks? They are as 
simple as everything else to 
obtain. Press a button and you 





Press one button on the Rx2000 to check all COSMOS operational functions. 















appropriate upper ventricular 
tracking limit based on the 
heart's reactions to the patient's 
lifestyle. With COSMOS, you'll 
have a complete record of 

this information stored by the 
pacemaker. 

Now you're beginning to 
understand why leading physi- 
cians who have prescribed 
COSMOS are making it their 
choice for DDD pacing. 


COSMOS shown with 
Р T йыл CARDIFIX™ 479-01 leads. 
nA 
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Getting to know 
COSMOS is even easier. 
Intermedics has a complete 
range of educational video 
cassettes that cover everything 
from implant techniques tO 
advanced DDD pacing con- 
cepts. Just ask your Intermedics 
representative to show you the 
DDD pacing system as unique 
as the heart it serves. 


a R) 
¥@ Intermedics Inc 
Our Business is Life: 


77541 





Р O. Box 617. Freeport, Texas 
Toll Free: 1-800-231-2330 
In Texas. 1-800-392-3726 
Telex: 46204911ТМ or 792713SLFPRT 


Intended Uses: All intermedics implantable pulse generators are intended for use in long-term cardiac pacing therapy. The applications for long- 
term cardiac pacing are many and varied and are discussed as they apply to the particular pulse generator in the Physicians Manual accom- 


panying the device along with Contraindications, Possible Complications and Precautions. 


The choice of pacing modes and/or programmable features that best meet the therapeutic requirements of the individual patient is at the 


discretion of the prescribing physician. 


For further information, see the Physician's Manual packaged with the pulse generator, or contact your Intermedics Sales Representative or 


Intermedics directly. 
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Enhances the value of oral procainamide 
for selected cardiac dusrhuthmias 


With modern sustained-release Procan SR, short duration of effect 
no longer impedes the usefulness of procainamide for maintenance therapy. 
A standard medication now assumes greater importance, both in terms of 
convenience and patient compliance. 


Administered half as often as conventional oral procainamide 
Wide versatility in cardiac conditions 
Can be used concomitantly with digoxin 
Ideal maintenance therapy 


ae . Procan SR... | 
the original sustained-release oral procainamide 


Please see next page for brief summary of prescribing information, 








ued procainamide therapy should be assessed. This may necessitate consid- 
n of alternative antiarrhythmic therapy. 
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inamide shouid. not be administered to баеп with л atrio Puente os 
ОСК. It is also contraindicated in cases of second degree and third degree A-V 
Jai block unless an electrical pacemaker is operative. 

been suggested that procainamide be contraindicated in patients with myasthe- 


INGS: Сталае аре а may follow the use of procainamide, and deaths ! тот sep- 
e occurred. Leukocyte changes are most likely to occur бип ing the first three 
nihs of therapy During this time routine blood counts should be done at least RU. two 
. ind thereatter at longer intervals throughout maintenance procainamide t therapy. 
hts of malaise and aches { (a flu-type syndrome} are often reported in association 
| granulocyte depression 

ants should be instructed to report such symptoms promptly. as well as any sore- 
Mouth. throat or gums, unexpiained fever. or symptoms of an i upper respiratory 
fection. H these should occur and a complete blood count indicates a granulocyte 
ESSION, procainamide therapy should be discontinued immediately and appropriate 
nt instituted Recovery of leukocyte count usually occurs within a few weeks 
ficidence of granutocytopenia appears to be higher with procainamide sustained- 
‘tablets than with standard tablets. 

AUTIONS: General —Dunng administration of the drug. evidence ot untoward 
аға! responses should be carefully watched for in all patients. In the presence of an 
rmai myocardium, procainarnide may at times produce untoward responses In atnai 
tion or flutter, the ventricular rate may increase Suddenly as the atria rate is slowed. 
uate digitalization reduces. but does not abolish. this danger If myocardial damage 
entricular tachysystole is particularly hazardous. Correction of atrial fibrillation. 
sultant forceful contractions of the atrium. may cause a dislodgement of mural 
and produce an embohc episode However, it has been suggested that, in a 
vho is already discharging emboli, procainamide is more likely to stop than to 
ate. the process. 

pts to адш! the heart rate in a patient who has developed ventricular tachycardia 
an occlusive coronary episode should be carried out with extrerne caution Caution 
‘required in marked disturbances of atrioventricular conduction such as A-V block. 
die branch block. or severe digitalis intoxication. where the use of procainamide may 
‘invadditional depression of conduction and ventricular asystole or fibrilation. 

Cause patients with severe organic heart disease and ventricular tachycardia may 
have complete heart block. which is difficult to di lagnose under these circumstances. 
omplication should always be kept in mind when treating ventricular arrhythmias with 
ainamide. if the ventricular rate is edd slowed by procainarnide without attain- 
tof. regular atnoventricular conduction, the drug should be stopped and the patient 
aluated since asystole may result under these circumstances. 

patients receiving normal dosage. but who have both tver and kidney disease. symp- 
of overdosage (principally ventricular tachycardia and severe hypotension) may 
Зое to drug accumulation. 

ious hypotension can result from peripheral vasodilation and from decreases in car- 
“Output. At high plasma levels, procainamide may produce sinus tachycardia due to 

k sympathetic response to its hypotensive effect Large doses may increase cardiac 
\айску and can induce complete atrioventricular Моск, cardiac standstill, or ventric- 
extrasystoles that may proceed to ventricular fibrillation These effects on the туосаг- 
are reflected in the electrocardiogram a widening ot the QRS complex occurs most ; 
Stently; less regularly. the P-A and Q-T intervals аё prolonged. and the QRS and T 
35 Show some decrease in voltage. 

uciear antibodies (ANA) are often found in patients receiving iong-term pro- 
mide therapy The induction of ANA appears to be independent of dosage. Patients 
focainamide-induced inc reases in ANA titers may develop a syndrome resembling 
€ lupus erythematosus (SLE). The mechanism of this syndrome is uncertain 
Nraigia, arthritic symptoms. and pleuritic pain are common Symptoms: to a lesser 
fever. myalgia. skin lesions. pleural effusion. pericarditis, headache. fatigue weak- 
sea anc abdominal pain may occur. Rare cases of thrombocytopenia, Coombs’ 
hemolyhc anemia. increased SGOT. SGPT. and serum amylase have been 
d which may be related to this SLE-like syndrome. 

commended that tests for systemic lupus erythematosus be carried ош al at regular 
sin patients receiving maintenance procainamide therapy. The drug should be dis- 
ed if there is a rising ANA tier or clinical symptoms of SLE appear The SLE-ike syn- 

4 тау be reversible upon discontinuation of the drug Н discontinuation does not 
remission of the symptoms. corticosteroid therapy may be effective. if the SLE-lke 
ne develops ina patient with recurrent life-threatening arrhythmias not controliable 
‘antiarrhythmic agents, corticosteroid suppressive therapy may be used concom- 
ith procainamide 

mation for Patient. Practitioners shouid give the following information and instruc- 
patients receiving Procan SR. 

Do not crush or chew these tablets. Swallow them whole 

ike this medicine exactly as directed by your doctor Do not miss any doses and do 
emore medicine than ordered. Do not stop taking this medicine without first check- 
ith your doctor. 
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infection. 

5. Do not be concerned и you occasionally notice in your stoo! ена that looks like 
atabiet in Procan SR (procainamide hydrochloride tablets). the drug is ‘held’ in a wax core 
that has been specially designed to slowly release the drug for your body to absorb. When 
this process is completed the empty. nonabsorbable wax core, which looks nearly 
unchanged. is eliminated from your body 

6 Keep container tightly closed and store in a cool. dry place. 

Laboratory ТЫР receiving procainamide for extended periods of time, or in 
whom symptoms suggestive of a lupus-like reaction appear, should have antinuclear anti- 
body titers measured at regular intervals 

Routine blood counts are advisable during maintenance procainamide therapy. See 
WARNINGS for additional information. 

Plasma concentrations of procainamide and NAPA should be monitored in patients with 
rena! disease, hepatic disease, cardiac failure, or low cardiac output states. 

Drug interactions 

1. Antiarrhythmics: Concurrent use with procainamide may result in additive cardiac 
effects and/or additive toxic effects 

2. Anticholinergics: Procainamide enhances the anticholinergic effects. Extreme cau- 
tian must be exercised with such a combination 

3. Anticholinesterases: Procainamide antagonizes the effect of anticholinesterases in 
myasthenia gravis. and paralysis returns. 

4 Antihypertensives: Procainamide may potentiate the hypotensive effects of thiazide 
diuretics and other antihypertensive agents Adjustment of dosage may be required. 

5. Cimetidine: It has been reported that the histamine H.-antagonist cimetidine reduces 
renai Clearance of procainamide and NAPA, resulting in higher plasma concentrations for 
longer durations. Caution should be exercised when administering these drugs concur- 
rently, especially in the elderly. who have a reduced ability to clear all three Dosage modifi- 
cation may be required 

6. Neuromuscular Blocking Agents: Procainamide potentiates the effects of skeletal 
muscie relaxants such as succinylcholine. И also may enhance or prolong the neuromus 
cular Diocking activity of bacitracin. colistimethate. dihydrostreptomycin, gentamicin, 
gramicidin. kanamycin. neomycin. polymyxin B, streptomycin. and viomycin, producing 
respiratory depression. 

Pregnancy Pregnancy Category С Animal reproduction studies have not been con- 
ducted with procainamide. It is also not known whether procainamide can cause fetal 

harm when administered to a pregnant woman or can affect reproduction capacity. Pro- 

cainamide should be given to a pregnant woman only if clearly needed. 

Nursing Mothers —it is not known whether this drug is excreted in human milk. Because 

many drugs are excreted in human milk, caution should be exercised when procainamide 

5 administered to a nursing woman. 

ADVERSE REACTIONS: Most frequent, especially with large oral doses: 

1 Anorexia 2. Nausea 3 Vomiting 4. Diarrhea 5 Urticaria 6 Pruritus. 

Less frequent: ! Reactions in patients on long-term procainamide therapy a Antinuciear 

antibodies (ANA) b. Syndrome resembling systemic lupus erythematosus (SLE) (See 

PRECAUTIONS). 

2 Hypersensitivity reactions: a. Angioneurotic edema b. Maculopapular rash c. Fever 
d. Eosinophilta e. Hypergammagiobulinemia. 
infrequent: 1 Granulocytopenia. sometimes resulting in death (See WARNINGS) 2. Con- 
vuisions 3. Psychosis with hallucinations 4 Confusion 5 Mental depression 6. Giddiness 
? Lightheadedness 8. Weakness 9. Bitter taste. 

Rare: 1 Hypotension 2. A case was reported with fever and chills plus nausea. vomiting, 
abdominal pain, acute hepatomegaly. and a псе in serum giutamic oxaloacetic trans- 
aminase following a single dose ot the drug 

OVERDOSAGE: Signs and symptoms of overdosage of procainamide include severe 
hypotension. ventricular fibrillation, widening of the QRS complex. junctional tachycardia. 
intraventricular Conduction delay. oliguria, lethargy, confusion. nausea. and vomiting. 

Н ingestion is recent, gastric lavage or emesis may reduce absorption Dopamine. 
phenylephrine or levarterenoi may be heiptul in reversing severe hypotensive responses. 

Management of overdosage includes symptomatic treatment with ECG and biood pres- 
sure monitoring. Procainamide toxicity can usually be treated. if necessary. Dy administer- 
ing vasopressors after adequate fluid volume replacement. Intravenous infusion of tis 

molar sodium lactate injection reportedly reduces the cardiotoxic effects of procainamide 

The urinary elimination of procainamide is proportional to the giomeruiar filtration rate 
but is also affected by changes in urinary pH. Procainamide is relatively lipid-soluble as а 
tree base. but the ionized form is not. Acid urine. therefore, leads to ion trapping of pro- 
camamide which enters the urine by passive diffusion from the plasma. Accordingly, renal 
Clearance of procainamide can be considerably increased by maintaining a low urinary 
pH and high flow rates. 

I! procainamide toxicity causes severe hypotension and renal insufficiency, urinary elim- 
ination of procainamide and NAPA is decreased, and hemodialysis may be required. 
Hemodialysis significantly reduces the serum half-lite of procainamide. and ettectively 
removes procainamide and NAPA. Peritoneal dialysis is not effective. 

Н has been reported that one patient who ingested approximately 7 grams of pro- 
cainamide hydrochloride recovered after treatment consisting of IV levarterenol, IV furo- 
semide. attempted volume expansion with albumin. and hemodialysis Also reported is the 
case о! an elderly patient who recovered after ingestion of approximately 19 grams of pro- 
cainamide hydrochloride. The patient was treated with IV isoproterenot and IV epineph- 
rine, The latter report suggested that insertion of a ventricular pacing electrode is а 
reasonable precautionary measure in case high grade А-У block develops. 


Storage Conditions — Protect trom moisture. Store botties below 30^ C (86° Р), Store 
unit-dose packages at controlled room temperature, 15°-30° C (59°-86° Е). 02070012 
Caution: Federal law prohibits dispensing without prescription. 






























| Rheumatology 
A Primary Care Approach 


Written Бу: Bruce M. Rothschild, MD 

ISBN 0-914316-33-8, $42.50, 1982 

What is Rheumatology: A Primary Care Approach? 

* the primary care physicians’ answer to the huge, 
weighty tomes on Rheumatology which offer too little 
on diagnosis and treatment and too much on etiology 
and mechanisms of disease 

e a practical “how-to” desk reference to a difficult but 
common disease affecting over 35 million patients in 
the U.S. alone 

° a book meant to be used regularly, not read once and 
stored away on a library shelf 


The Acquired Immune Deficiency 


Syndrome (AIDS) and Infections of 


Homosexual Men 


Edited by Pearl Ma, PhD, and Donald Armstrong, MD 
0-914316-38-9, 460 pp., illus., Jan. 1984, $39.50 

This book cuts through the sensationalism, innuendo, and 
half-truths and provides clearly and succinctly all the 

most important current scientific thinking from many of 
the most pre-eminent clinical researchers working in the 
field. Additional comprehensive coverage is given to a 
wide range of other sexually transmitted diseases of 
homosexual men. 


Infectious Complications of 


Neoplastic Disease 
Controversies in Management 


Edited by Arthur E. Brown, MD, and 

Donald Armstrong, MD 0-914316-43-5, 1984, $40.00 
Derived from a symposium sponsored by the Infectious 
Disease Service, Department of Medicine and the Depart- 
ment of Pediatrics, Memorial Sloan-Kettering Cancer 
Center, New York City, and Cornell University Medical 
College, New York City, this book presents the latest 
thinking by international authorities, all of whom were 
invited to present findings in their area of expertise on 
the diagnosis, treatment, and prevention of various 
bacterial, fungal, viral, and parasitic infections presenting 
in patients with neoplastic disease. 


Infections in the Abnormal Host 

Edited by Michael H. Grieco, M.D. 

Text by 47 Specialists. Illustrated with 147 Drawings 
and Photos, 78 in Full Color 

0-914316-18-4, 1,060 pp., illus., 1980, $85.00 
Infections in the Abnormal Host discusses in 36 revealing 
chapters the mechanics of host defenses. . .the various 
underlying disorders and the latest treatments by chemo- 
therapy, management of agranulocytosis, immunological 
reconstitution, passive and active immunotherapy, and 
immunostimulation. 


Nosocomial Infections 


Edited by Richard E. Dixon, M.D. 

0-914316-24-9, 340 pp., 1981, $35.00 

Based on the proceedings of the 2nd International Confer- 

ence on Nosocomial Infections held August 5 - 8, 1980 in 

` Atlanta, Georgia and sponsored by the Centers for 
Disease Control this book provides between two covers 

“the m 3 sive, in-depth study of this interna- 

ished in 10 years, | 















Diabetes Mellitus 
Jay S. Skyler, M.D., George Е. Cahill, Jr., ! 
ISBN 0-914316-23-0, 1980, $35.00 
60 internationally prominent contributors provide 
papers a comprehensive overview of the current t 
ing on the causes, mechanisms, treatment and con 
tions of diabetes. Featured topics include: 
e The causes of diabetic inheritance 
e Mechanisms of diabetes 
* New developments in the treatment of diabete 
* Human insulin produced by recombinant DNA 
technology 


Modern Drug Encyclopedia 


and Therapeutic Index 16th Edition 


Arthur J. Lewis, MD, Gertrude Dittus Gonzale 
R.Ph., Charles L. Winek, Ph.D. 

$59.00, 0-914316-21-4, 1,096 pp., 1981 | 
The all new 16th Edition of MODERN DRUG EN 

PEDIA is written especially for the practitioner wt 
needs complete, objective information on prescripti 
drugs. | 
An independent team of pharmacists and physi 
researched and edited all the facts on 3,000 presa 
drugs. It passes this research on to you in an easy 
sorb style that’s perfectly suited to the tight sch 
time pressed practitioner. 


Topics in Hypertension 
edited by John H. Laragh, M.D. 
ISBN 0-914316-20-6, 1980, $59.00 
Places vital knowledge on the management of the. 
tensive patient in the hands of the practicing phy 
85 internationally known specialists cover in-depth 1 


breakthroughs in understanding, diagnosing and tre 
this pervasive disease. 
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All books sent on 30 day approval 
Please send me the following books: 


L2 Rheumatology: A Primary Care Approach 
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REM ARA i inni American Edwards Labora- 
OI MC AM The Better Dir ection In tories created Uniweave to 
TUA. i meet your needs for a low- 
LP LUNA] Angiography Catheters. mass woven catheter that also 
TS CU LAM A SP ES delivers the high flow rate and 
n" torque control you demand. 


We began by pioneering our 
revolutionary Uniweave™ con- 
struction process. Then we 
extended overall catheter de- 
sign to new levels of precision 
and strength. 


The end product, Uniweave 
catheters: different from the 
i inside out. And better all the  . 
SUE dares way around. 





T 


Uniweave. The better direc- 
tion in construction. 

- Uniweave construction makes 
the stainless steel woven core 
an integral part of the poly- 

`, ethylene catheter wall. The 
result is enhanced wall strength 
with traditional control in a 
smaller French size catheter. 






Unibody design. The better 
direction in patient safety. 
Thanks to Uniweave construc- 
tion, the tip of the catheter is 
also an integral part of the 
catheter wall. So, unlike the 
two-piece welded-on separate 
tips of competitive catheters, a 
Uniweave tip can never come 
off. Uniweave tips also have 
an unsurpassed shape 
consistency. 


The better direction in high 
flow through a low-mass 
catheter. 

The inside dimension of a 
catheter determines potential 
flow rate. The outside dimen- 
sion dictates the access size. 


Uniweave delivers the flow you 
need through an exceptionally 
strong, low-mass catheter. 
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Traditional ak anion Control 
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The first step in the future 
direction of angiography. 
We believe Uniweave angio- 
graphy catheters will bring the 
option of out-patient angio- 
graphy a step closer to reality. 
Our low-mass design means 
Uniweave requires a smaller 
access site — decreasing the 
possibilities of post-procedural 
bleeding. 
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itt ::: American Edwards Laboratories 


PO. Box 11150, Santa Ana, СА 92711 $ 
Attention: Richard Harbaugh 23 


and we'll send you information on the | 
new direction in angiography catheters — | 


] Please send this coupon in our direction, 
Uniweave™ Or, call (800) 424-3278. 
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Clinical Clues to MIXED ANGINA 


Most days she can climb the 
stairs with no difficulty. But 
today she was less than half-way 
up when an angina attack 
stopped her. 


And because vasocon- 
striction is an unpredictable 
event, ischemia and pain occur 
unpredictably: 

at varying levels of exercise 
at rest, or even during sleep 
upon exposure to cold 
under emotional stress 
diurnally, typically in 

the morning 





No. 5 


PROCARDIA* (nifedipine) 
is a primary therapy for 
the patient with MIXED 
ANGINA. It prevents vaso- 
constriction in both large 
coronary arteries and coro- 
nary arterioles to maintain 
myocardial blood flow and 
oxygen supply. At the same 
time, PROCARDIA dilates 
peripheral arteries to 
reduce afterload and 
myocardial oxygen 
demand. 

As a result, PROCARDIA 
can significantly reduce 
your patient's angina 
attack rate and need for 
nitroglycerin! 


PROCARDIA 


(NIFEDIPINE) ^" 7 


Primary Protection in 


Please see PROCARDIA® (nifedipine) brief summary on next page 





TOTANA TERETA PRAEERAT A ART 


tone PH, Muller JE, Turi ZG, et al: Efficacy of 
nifedipine therapy in patients with refractory 
angina pectoris: Significance of the presence of 
ыу vasospasm. Am Heart J 106:644-652. 



































Summary 

RDIA* (nifedipine) Capsules Fat Oral Use 
TIONS AND USAGE: 1. Vasospastic Angina: PROCARDIA (nifedipine) is indicated for the management of vä- 
lic angina conlirmed by any of The following criteria: 1} classical pattern of angina at test accompanied by ST seg- 
гапоп, 23 angina ог coronary artery spasm provoked by ergonovine, or 3} angiographically demonstraled 
yartery spasm. in those patients who have had angiography, the presence ol significant fixed obstructive disease 
compatible with the diagnosis of vasospastic angina. provided that the above criteria are satisfied, PROCARDIA 
û be used where the clinical presentation suggests a possible vasospastic component but where vasospasm has 
ft Confirmed, eg. where pain has a variable threshold on exertion or in unstable angina where elactrocardic- 
riis ate compatible with intermittent vasospasm. or when angina is refractory fo nitrates and/or adequate 

jela blockers, 
I. Chronic Stable Angina (Classical Effort-Associated Angina}: PROCARDIA is indicated ior he management of 
‘onic stable angina feflort-associated angina) without evidence of vasospasm in patients who remain symptomafic de- 
adequate doses of bela blockers and/or organic nitrates or who cannot tolerate those agents. 
chronic stable angina (efforl-associated angina) PROCARDIA has been effective in controlled trials of up to eight 
s duration in reducing angina frequency and increasing exercise tolerance, but confirmation of sustained etfective- 
and evaluation ot long-term salety in these patients are incomplete. 
Cantrolled studies in small numbers of patients suggest concomitant use of PROCARDIA and beta-blocking agents 
y be beneficial in patients with chronic stable angina. but available information is not sufficient to predicf with confi- 
ence the effects of concurrent treatment, especially in patients with compromised le ventricular function or cardiac 
conduction abnormalities. When introducing such concomitant therapy. care must be taken to monilar blood pressure 
fosely since severe hypotension can occur rom the combined effects of the drugs. (See WARNINGS } 
'RAINDICATIONS: Known hypersensitivity reaction to PROCARDIA 
WARNINGS: Excessive Hypotension: Aithough in most patients, the hypotensive effect af PROCARDIA is modest and 
well tolerated, occasional! patients have had excessive and poorly tolerated hypotension. These respanses have usually 
coutred during initial titration or al the time of subsequent upward dosage adjustment, and may be more likely in pa- 
1s 9n concomitant beta blockers. 
Severe hypotension and/or increased fluid volume requirements have been reported in patients receiving PROCARDIA 
Ogsther with a beta blocking agent who underwent coronary artery bypass surgery using high dose tentany! anesthesia 
heinteraction with high dose fentany! аре to be due lo the combination af PROCARDIA and a beta blocker, but the 
lity that it may occur with PROCARDIA aione, with low doses of fentanyl, in other surgical procedures, or with 

Rote analgesics cannot be ruled out. In PROCARDIA treated patients where surgery using high dose tentanyi 
Sia is contemplated, the physician should be aware of these potential problems апо, if the patient's condition 
, Sulliclent time [at least 36 hours) should be allowed for PROCARDIA to be washed out of the body prior to 


ised Angina: Occasional patients have developed well-documented increased frequency, duration or severity of 
ig of starting PROCARDIA or at the time of dosage increases. The mechanism of this response is not established bul 
вин from decreased coronary perlusion associated with decreased diastolic pressure with increased heart rate, 


eta Blocker Withdrawal: Patients recently withdrawn from beta blockers may develop a withdrawal syndrome with in- 
ed angina, probably related to increased sensilivily to catecholamines. Initiation of PROCARDIA treatment will not 
fit this occurrence and might be expected to exacerbate it by provoking reflex catecholamine release, There have 
tasional regarts of increased angina in a selling ol beta blocker withdrawal and PROCARDIA initiation. ftis im- 
алі to taper beta blockers if possible, rather than stopping them abruptly before beginning PROCARDIA 
Congastive Heart Failure: Rarely. patients, usually receiving a bela blocker, have developed heart failure atier begin- 
ling PROCARDIA. Patients with tight aortic stenosis may be af greater risk lor such an event. 

PRECAUTIONS: General: Hypotension: Because PROCARDIA decreases peripheral vascular resistance, careful mon- 
pring of blood pressure during the initial administration and Litration of PROCARDIA is suggested. Close nbservation is 
Decially recommended for patients already taking medications thal are known to lower blood pressure. (Sae 


TEESE d 
eripheral edema: Mild to moderate peripheral edema. typically associated with arteria! vasodilation and not due to 
niricular dysfunction, occurs in about one in ten patients treated with PROCARDIA. This edema occurs primarily in 


( NIFEDIPIN E) Capsules 10 mg 


PRIMARY PROTECTION IN MIXED ANGINA 
Usual Effective Dosage: 30 to 60 mg/day 


For most patients, titrate over 7 to 14 days, using the patient's blood pressure 
response, attack frequency, sublingual nitroglycerin intake and activity level as - 


a guide. Titration may be more rapid (e.g., 3 days) if symptoms warrant and the 
patient is observed closely. 


Because PROCARDIA decreases peripheral vascular resistance (occasional 
patients have had excessive hypotension), careful monitoring of blood 
pressure during initial administration and upward dosage titration is 
suggested, especially for patients taking drugs known to lower blood 
pressure. Occasional patients have developed increased frequency, duration or 
severity of angina on starting PROCARDIA or at the time of dosage increases. 


A Favorable Safety Profile 


Most frequently reported side effects. usually mild, are dizziness or 
lightheadedness, peripheral edema, nausea, weakness, headache and 
flushing, each occurring in about 10% of patients, transient hypotension in 
about 5%, palpitation in about 2% and syncope in about 0.5%. 






the lower extremities and usually responds to diuretic therapy. With patients whose angina is complicated by congestive 
heart failure. care should be taken to dilferentiate this peripheral edema irom the effects ot increasing left ventricular 
dystunclion 

Laboratory tests: Rare. usually transient, but occasionally significant elevations of enzymes such as alkaline phos- 
phatase. OPK, LDH. SGOT and SGPT have been noted. The relationship to PROCARDIA (nitedipinej therapy is uncertain 
in most cases, bul probable «n some. These laboratory abnormalities have rarely been associated with clinical symp- 
inms, however, cholastasis with or without jaundice has been reported. Rare instances of allergic hepatitis have been 
teported 

Limited clinical studies have demonstrated a moderate bul statistically significant decrease in platelet aggregation 
and increase in bleeding lime in some PROCARDIA patients. No clinical significance for these findings has been 
demonstrated. 

Drug interactions: Bela-adrenergic blocking agents: (See indications and Warnings.) Experience in over 1406 pa- 
tients in a non-comparative chaical trial has shown that concomitant administration of PROCARDIA and beta-blocking.- 
agents is usually wei! tolerated, but there have been occasional literature reports suggesting that the combination may ^ 
increase the likelihood of congestive heart failure, severe hypotension or exacerbalian of angina. 


Long-acting nitrates: PROCARDIA may be salely co-administered with nitrates, bul there have been no comralled 


studies іо evaluate {he antianginal effectiveness of this combination. 

Digitalis: Administration of PROCARDIA with digoxin increased digoxin levels in nine of twelve normal volunteers. 
The average increase was 45%. Another investigator found no increase in digoxin levels in thirteen patients with torg- 
пагу attery disease inan uncontrolied study of over two hundred patients with congestive heart failure during which gi- 
goxin bigad levels were nol measured, digitalis toxicity was not observed. Since There have been isolated reports of 
patients with elevated ME levels, itis recommended that digoxin levels be monitored when initiating, adjusting, and 
discontinuing PROCARDIA to avoid possible over- or under-digilalization. 

Coumarin anticoagulants: There have bean rare reports af increased prothrombin time in patients taking coumarin ап- 
ticaaguiants to whom PROCARDIA was administered. 

Cimetidine: А study in six healthy volunteers has shown a significant increase in peak nifedipine plasma levels (8096] 
and area-under-the-curve (74%) after a one week course of cimetidine at 1000 mg per day and nifedipine al 40 mg per 
day. Ranitidine produced smaller, non-signilicant increases. If nifedipine therapy is initiated in a patient currently receiv- 
ing cimetidine, cautious titration i5 advised. 

Carcinogenesis, mutagenesis, impairment of fertility: Nifedipine was administered orally 10 rats For two years 
and was not shown to be carcinogenic. When given to rats prior to mating, nifedipine caused reduced fertility at a dose 
approximately 30 times the maximum recommended human dose. In vivo mutagenicity studies were negative. 

Pregnancy: Pregnancy Category C. Nifedipine has been shown fü be teratogenic in tats and embryotoxic in rats, mice 
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Relation of Late Potentials to Site of Origin of Ventricula 
Tachycardia Associated with Coronary Heart Disease 


JOSEPH A. VASSALLO, MD, DENNIS CASSIDY, MD, MICHAEL B. SIMSON, MD 
ALFRED E. BUXTON, MD, FRANCIS E. MARCHLINSKI, MD, and 
MARK E. JOSEPHSON, MD 


Signal-averaged electrocardiograms and endo- 
cardial catheter mapping were performed in 41 
patients with coronary artery disease and sustained 
` ventricular tachycardia (VT) to determine the 

relation between signal-averaged late potentials 
 (SA-LPs) and catheter-mapped late activity (CM- 
LA) to the site of origin of VT. The 41 patients had 
79 morphologically distinct VTs. Either CM-LA or 
SA-LP was present during sinus rhythm in 37 of 41 
patients (9096). Twenty-two out of 30 patients 
(7396) had CM-LA corresponding to SA-LP during 
normal sinus rhythm. Patients with SA-LP had a 


И Signal-averaging techniques are being used with in- 


creasing frequency to detect low-amplitude electrical 
signals at the end of the QRS complex in patients with 
ventricular tachyarrhythmias.!-* Several investiga- 
tors?-16 have recorded delayed and disorganized acti- 
vation directly from infarcted myocardium. These di- 
rect recordings of delayed electrical activity correspond 
to late potentials recorded on the body surface using 
signal-averaging techniques.!!6-!8 Although some in- 
vestigators?!? have found these signal-averaged late 
potentials (SA-LPs) to be sensitive and specific for 
patients with recurrent ventricular tachycardia (VT), 
the relation of SA-LPs to the site of origin of VT has not 
been evaluated. This study determines the relation 
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significantly greater number of sites of 
which were later and longer in duration tha 
without SA-LP present during sinus rhyth 
select group of patients, those with both SA 
CM-LA, the site of origin of VT was loca 
adjacent to a site of CM-LA during sinus 
38 of 44 (8696); however, 36 of 78 sites (46 
CM-LA were clearly distant from the site of o 
VT. In conclusion, CM-LA corresponding tt 
in patients with VT is sensitive but not spec 
the site of origin of VT. : 

(Am J Cardiol 1985;55: 98 


between SA-LPs and the site of origin of VT as sd 
mined by endocardial mapping. 


Methods 


Patient population: The patient population consis 
41 patients (34 men, 7 women) with coronary artery d 
and sustained VT; mean age was 55 years (range 37 to 7 
41 patients had 79 morphologically distinct pattern: 
induced using programmed electrical stimulation. ` 

АП patients had previous (more than 3 mont 
transmural myocardial infarction based on history ai 
trocardiogram (ECG). Patients with bundle branch blo 
excluded from the study. Twenty-eight patients had : 
wall infarction, 11 had inferior wall infarction and 2 pa 
had both. Nine patients were taking antiarrhythmic dr 
the time that both the signal-averaged ECG and са 
mapping were performed. Seven patients were taki 
cainamide, 1 patient quinidine and 1 patient was takin 
iodarone plus procainamide. No patient was taking an 
arrhythmic drug during only 1 of the 2 tests perfo 
Although the dose of antiararhythmic agent was the ва 
the time of both procedures, drug levels were not recor 
the time of signal averaging. 

Signal averaging: All patients underwent signal-av : 
electrocardiography as previously described by. 
during normal sinus rhythm within 7 days of en 
catheter mapping. Bipolar X, Y and Z leads were; 


ш БРАТ, MEN уту чч 
МЮ, 


дЫ ах т $ ay. Ais 
| 2 Re RELATION OF LATE POTENTIALS 7 





3 ‘converted: io digital information at 1,000 samples/s with a 
. resolution of 1 to 2.5 uV. A bandpass-filtered Z lead served as 
. a reference signal in order to set a reference time for signal 
. averaging. Signal averaging was performed after each new beat 
— was tested against a template to reject ectopic and grossly 
.. noisy beats. Acceptable beats were signal averaged over a 512 
. ms segment beginning 100 ms before the QRS complex. A total 
` of approximately 125 beats were signal averaged. Each aver- 
. aged lead was then filtered at a frequency of 25 Hz in a bidi- 
| rectional fashion to eliminate impulse ringing of the filter at 
` the end of the QRS complex. The 3 filtered signals were then 
` combined into a vector magnitude, which allowed the detec- 
- tion of high frequency voltage in any lead. The vector mag- 
nitude of this filter signal is referred to as the “filtered QRS 
_ complex." Signal-averaged QRS endpoints were determined 
— using a computer by finding the points where the mean fil- 
_ tered voltage exceeded the mean of the noise sample plus З 
— standard deviations. Voltages reported are the root mean 
. square voltage in microvolts. The root-mean-square voltage 
` for the last 40 ms of the filtered QRS complex was calculated 
` separately. 
— — Catheter-mapping techniques: Endocardial catheter 
. mapping was performed in all patients in the postabsorptive 
` state after informed written consent was obtained. Left ven- 
tricular endocardial electrograms were recorded during nor- 
mal sinus rhythm using bipolar electrodes with a 1-cm inter- 
` electrode distance. All recordings were made using a fixed-gain 
р ` bipolar pair of electrodes (1 cm = 1 mV) recorded at a paper 
Б speed of 200 mm/s. The amplifier band pass was 30 to 500 Hz. 
E Local electrograms were recorded from 12 preselected left 
d ventricular endocardial sites (Fig. 1). Occasionally a prese- 
lected site could not be reached. Additional recordings were 
3 also made for most patients, and in general, the additional 
Sites were frequently recorded near the known site of origin 
. of VT. The data were analyzed using every electrogram re- 
| corded. Because this may have introduced a sampling bias, 
ме also analyzed the data limiting each map to 12 electro- 
_ grams, corresponding to the 12 sites on the mapping scheme. 
К Tsing this technique, a maximum of 12 electrograms from the 
left ventricle could be obtained for each patient, as we elimi- 
- nated from the study any sites that were within one-half site 





TY 20 


түтү" mayor 


GAIN "уу 
* is el ^ p 
619" 579% c P 
45 ~ as i aes 





4 ` FIGURE 1. Mapping scheme, left ventricle. Site 1, left ventricular (LV) 
"A apex; sites 2, 3 and 4, LV septum; site 5, inferior wall; sites 6 and 8, 
.. posterior base; sites 7 and 9, lateral wall; site 10, jn OT sites 
"x 1 and 12, superior free wall. 












of a previously recorded site. Left ventricular sites were 
identified with multiplane fluoroscopy and confirmed by 2 
observers. These methods have been validated by comparison 
with intraoperative data.?0.21 

Definitions: Catheter-mapped late activity (CM-LA): 
Any electrical activity that extended beyond the end of the 
QRS complex during normal sinus rhythm recorded from a 
left ventricular site using a fixed gain bipolar electrode pair 
(1 cm = 1 mV). The end of the last rapidly moving component 
of a local electrogram was taken to be the end of the electro- 
gram. The end of the QRS complex was determined from 3 
surface leads (I, aVF, V,) during mapping and from a standard 
12-lead ECG (Fig. 2) as the latest electrical activity during the 
QRS-complex that deviated from the baseline. 

Latest catheter-mapped activity: Duration (in millisec- 
onds) from the onset of the surface QRS complex (earliest 
electrical activity that deviated from the baseline during the 
QRS complex) to the end of the latest high frequency electrical 
activity recorded from any left ventricular site during normal 
sinus rhythm (Fig. 2). 

Signal-averaged late potential: Electrical activity less than 
25 рУ in amplitude recorded during the terminal 40 ms of the 
signal-averaged QRS complex? (Fig. 3). 

Ventricular tachycardia site of origin: Endocardial site of 
earliest recorded electrical activity during VT, which preceded 
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FIGURE 2. Analog map. Surface leads І, aVF and V , followed by local 
electrograms recorded from right ventricular apex and 12 designated 
left ventricular (LV) sites. The vertical line marks the end of the surface 
QRS complex. Catheter-mapped late activity is recorded from LV sites 
1, 2, 9 and 11. The latest cahar mapped activity is recorded at 
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TABLE 1 
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Abbreviations as in Table 1. 


the onset of the surface QRS complex and occurred during the 
latter half of electrical diastole. 

Relation of catheter-mapped site to site of origin of ven- 
-tricular tachycardia: Catheter-mapped sites were considered 
to be at the site of origin of VT if they were within one-half 
site shown in the mapping scheme (Fig. 1), which is an area 
of approximately 4 cm? around the site of origin of VT. 

Statistics: The data were analyzed using Student's t test 
for unpaired observations. 





Results 


Incidence of catheter-mapped late activity and 
signal-averaged late potentials: All 41 patients un- 
derwent endocardial catheter mapping and signal- 
averaged ECGs during normal sinus rhythm. Thirty- 
seven patients had either CM-LA or SA-LP present 
during sinus rhythm while the remaining 4 had neither. 
CM-LA was present in 29 patients. SA-LP were present 
in 30 patients. Twenty-two of the patients had both 
CM-LA and SA-LP present. There was no relation be- 
tween the presence of either CM-LA or SA-LP and the 
location of myocardial infarction. 

Relation between catheter-mapped late activity 
and signal-averaged late potentials: The 29 patients 















1 100 141 1.62 
2 140 203 3.49 
3 145 145 20.22 
4 110 141 1.85 
5 100 150 1.69 
6 100 106 18.43 
7 135 140 2.71 
8 130 136 17.77 
9 110 147 9.74 
10 150 168 10.83 
11 80 115 12.43 
12 150 154 3.23 
13 125 140 17.47 
14 130 164 4.26 
15 105 110 19.07 
16 120 154 14.43 
17 90 122 4.43 
18 120 167 1.45 
19 110 138 3.11 
20 130 135 9.27 
21 95 149 2.75 
22 110 129 7.62 


OQRS,s) = surface QRS complex; QRSs4, = signal-averaged QRS complex; A latest site = latest site (ms) — 
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tient). This was significantly more than the 1.2 + 
sites per patient (8%) in the 7 patients with CN 
without SA-LP present (p «0.005) (Tables I 
When analysis was limited to 12 sites per pat 
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FIGURE 3. Signal-averaged electrocardiogram. Amplituc 
(in uV) is on vertical axis, and duration. of signal-aver do 
(n diens is 70) 
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> (p <0.01) M. 

atest site of CM. LA in the 22 patients with 
' ended 166 + 38 ms after the onset of the QRS 
lex. This was significantly later than the latest site 
vity recorded in the 7 patients without SA-LP in 
the latest site of CM-LA ended 136 + 16 ms after 
set of the surface QRS complex (p <0.05). 
re was no significant difference between the du- 
of the surface QRS complex in those patients with 
A and SA-LP compared with patients with 
A but without SA-LP (117 + 19 vs 121 + 14 (ms, 
t significant [NS]). 
re was no significant difference between the 
r of left ventricular sites mapped during normal 
rhythm in the two groups of patients just de- 
Patients with SA-LP had a mean of 14.9 + 4 
lapped per patient as opposed to 13.8 + 4 sites 
n limited to 12 sites per patient, Шы were 10.6 + 
‘mapped in patients with SA-LP and 9.9 + 2 in 
ts without SA-LP (NS). 
ation between catheter-mapped late activity 
e of origin of ventricular tachycardia in 
its with signal-averaged late potentials: The 
yatients with both SA-LP and CM-LA were analyzed 
etermine the relation of CM-LA to the site of origin 
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= 4, Diagrammatic representation of endocardial map in patient 
single ventricular tachycardia (VT) morphology with VT site of 
site 5. Designated left ventricular (LV) sites are on vertical axis 
tion of юса! electrograms are represented by bars. Duration 
cond) i is on horizontal axis. Catheter-mapped late activity is 
t VT site of origin (site 5); however, late sites also are re- 
VT.s origin (sites 7 and 9). Note that cathe- 
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programmed stimulation. Thirty- eight of the 44 үте | 
(86%) had CM-LA at their site of origin during sinus 
rhythm. The 22 patients had a total of 78 sites of CM- 
LA. Forty-two of these 78 sites (54%) were within one- 
half site of a site of origin of VT. However, 36 of these 
78 sites (46%) of CM-LA were distant from the site of 
origin of VT (Fig. 4). When analysis was limited to 12 
sites per patient, 29 of 44 V'Ts (66%) had CM-LA at their 
site of origin during sinus rhythm. There were a total of 
59 sites of CM-LA, with 23 of these (39%) at the site of 
origin and 36 (61% б) distant from the site of origin. 

Analysis was also carried out in the 9 patients with 
only a single morphologically distinct VT. Eight of the 
9 (88%) had their VT site of origin at a site of CM-LA. 
The 9 patients had a total of 21 sites of CM-LA with 8 
of these (38%) located at a site of origin and 13 (62%) 
distant from the VT site of origin. 


Discussion 


Low-amplitude, fragmented electrical activity has 
been recorded from the epicardial surface by many in- 
vestigators.?-!! Low-amplitude signals recorded in ani- 
mal models occur late in the cardiac cycle; in some 
studies,^1915 even beyond the end of the surface QRS 
complex. Josephson et al? were the first to record late, 
low-amplitude signals during endocardial catheter 
mapping in man, and they also found an association 
between the appearance of these late, low-amplitude 
signals and ventricular arrhythmias.9.1? 

Quantitative relation between signal-averaged 
late potentials and catheter-mapped late activity: 
Recently, signal-averaging techniques have demon- 
strated low-amplitude electrical activity at the end of 
the QRS complex in patients with VT.!7 The present 
study is the largest group of patients with VT who have 
undergone both signal-averaged ECG and endocardial 
mapping performed in a systematic fashion. We have 
found that late activity detected with either catheter- 
mapping or signal-averaging techniques was present in 
37 of 41 patients (90%). These data support the concept 
that low-amplitude, late endocardial activity is a useful 
marker for ventricular arrhythmias in patients with 
coronary artery disease. 

Analysis of the relation between CM-LA and the 
presence or absence of a SA-LP is an attempt to quan- 
titate late activity in patients with SA-LPs. Our data 
show that patients with SA-LP have significantly later 
and a greater number of late sites mapped corre- 
sponding to these late potentials. Thus, although some 
patients had CM-LA detected with mapping techniques 
but did not have SA-LP, they had significantly fewer 
late sites that were earlier in time than the other group 
of patients. 

Relation of late potentials to site of origin of 
ventricular tachycardia: As noted previously, there 
is evidence that late potentials recorded from the body 


surface represent areas of slow conduction in the myo- 





cardium, which Ble cna: to be the substrate for .- 

















һегару опа 
: of loss of late ы. after successful surgical ms 
“of VT. It appears that although the absence of an SA-LP 
after therapy for VT correlates with a successful re- 
sponse, the persistence of a SA-LP does not preclude 
a successful response.?* The mechanism of this latter 
. finding has not been adequately explained. 
. The present study represents the first attempt to 
evaluate the relation of SA-LP to the substrate re- 
` sponsible for VT, that is, the site of origin. We analyzed 
the relation between CM-LA corresponding to SA-LP 
and site of earliest endocardial activation during VT. 
We found that the site of origin of VT in the select group 
of patients with both CM-LA and SA-LP is often lo- 
cated at or adjacent to a site of CM-LA. However, when 
all sites of CM-LA in the same group of patients were 
analyzed, up to 5096 of sites of late activity are distant 
from the site of origin of VT. Thus, our data suggest that 
while SA-LP in patients with sustained VT represents 
an area of delayed and asynchronous activation that 
. Often includes the site of origin of VT, other nonspecific 
. areas of abnormal late activation are frequently also 
s recorded. Nondirected surgical therapy for VT, which 
may involve the removal of large areas of scarred en- 
docardium, may result in loss of SA-LP and ablation of 
the tachycardia circuit. Directed surgery, on the other 
hand, attempts to remove only the area of earliest en- 
docardial activation during VT. This may result in re- 
moval of the site of origin of VT, yet leave the nonspe- 
cific areas of slow conduction, and may help to explain 
why successful surgical therapy of VT may take place, 
—. yet SA-LP persists postoperatively.*4 

It should be emphasized that the relation between 
CM-LA and VT site of origin was determined only in 
the 22 patients with both CM-LA and SA-LP. Although 
in this group of patients the site of origin was located at 
a site of CM-LA in 86% of tachycardias, only 54% of our 
study population fell into this group. The remaining 
patients lacked either CM-LA, SA-LP or both. Thus, 
as previously described, the positive predictive value 
of CM-LA for VT site of origin in the entire study 
population is low. 

Limitations: Endocardial catheter mapping is lim- 
ited in the number of sites that can be sampled in a 
given period of time. Аз noted, we attempted to record 
from at least the 12 designated left ventricular sites and 
in most instances recorded from additional sites. We 
usually oversample these additional sites from areas 
located near the site of origin of VT and felt that this 
was optimal for the present study, because we were 
concentrating on the site of origin of VT during normal 
sinus rhythm. To avoid a sampling bias we also analyzed 
and presented data when limiting each patient to a 
maximum of 12 evenly distributed left ventricular 
sites. 
2v Most sites of CM-LA are composed of fragmented, 

. ow-amplitude electrical signals. To ensure consistent 
assessment of the low amplitude electrical activity we 
made all of our recordings from a fixed-gain, bipolar 
trode pair. This gain setting is kept constant to allow 






















aS "elecirograms from: sitet 


objectively compare onset and offset a local 








as from patient to patient. 

Finally, catheter mapping is based 
define sites in the heart dependent on ЇЇ 
guidance. Although we?? demonstrated a reas 
correlation between sites mapped in the cathet 
laboratory and in the operating room, this r re 
limitation of the study. 
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modynamic effects of atrial pacing were 
died in 8 patients who had ventricular tachycardia 

during electrophysiologic testing. These pa- 
nts had chronic recurrent VT associated with 

nic heart disease and depression of left ven- 
lar function (ejection fraction = 0.23 to 0. 35). 
ioodynamic variables were recorded during sinus 
'thm (58 to 103 beats/min), pacing-induced VT 
` to 214 beats/min) and synchronized 1:1 
gered atrial pacing (atrium paced, ventricle 
d and triggered mode) during VT. For the latter, 
ventriculoatrial coupling interval was adjusted 
duce a maximal blood pressure response; the 
ptimal interval was observed to be between 60% 
73% of the RR interval. Mean arterial blood 
ressure decreased after the onset of VT (90 + 11 





he hemodynamic effects of ventricular tachycardia 
are variable, and the basis for this variability is not 
apletely understood. The most important hemody- 
c abnormality is hypotension, which causes loss of 
l organ system perfusion; even with less severe de- 
ion of blood pressure, angina and heart failure may 
. Cardiac and peripheral vascular factors con- 
ute to this hypotension. Incomplete ventricular 
ng and incoordinate contraction! and high heart 
? have been identified as important hemodynamic 
rs during VT. In addition, atrioventricular disso- 
ion during VT also may contribute to myocardial 
function and Һуроѓепѕіоп, and the benefit of atrial 
ng on blood pressure has been reported in 1 pa- 
ent.* To clarify the importance of atrial function on 
hemodynamics of VT, we studied the effects of 
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to 79 + 14 mm Hg, p <0.05) but increased again 
when atrial pacing was added, to 98 + 12 mm Hg. 
Cardiac index decreased during VT (2.2 + 0.5 to 1.8 
+ 0.5 liters/min/m? p <0.05), but in each case im- 
proved by the addition of atrial pacing, to 1.9 + 0.5 
liters/min/m?. Evidence from pressure recordings 
suggested that optimal atrial pacing resulted in atrial 
contraction in early left ventricular diastole. Thus, 
appropriately timed atrial pacing during VT can re- 
sult in significant increases in blood pressure and a 
consistent increase in cardiac index. In addition to 
offering insight into the mechanisms of hemody- 
namic compromise during VT, the clinical use of this 
technique may be to improve hemodynamic values 
in patients with hemodynamically unstable VT. 
(Am J Cardiol 1985;55:990-994) 


synchronized 1:1 atrial pacing (atrium paced, ventricle 
sensed and triggered mode) on patients who had УТ 
during electrophysiologic study. 


Methods 


Atrial pacing during a sustained episode of induced VT was 
performed in 8 patients (6 men, 2 women), aged 46 to 72 years 
(mean 60). All 8 patients had coronary artery disease with 
heart failure (New York Heart Association class П or Ш) and 
depressed left ventricular (LV) ejection fraction (EF) (0.23 
to 0.35). Each patient had a history of ventricular arrhythmias 
and underwent electrophysiologic study. Three patients were 
receiving antiarrhythmic medication (propafenone or pro- 
cainamide) at the time of study. 

Electrophysiologic studies were performed by the use of a 
quadripolar electrode in the right atrium and another in the 
apex of the right ventricle to record and pace from these sites. 
Arterial pressure was measured from the distal aorta Буа _ 
6-inch, 18-gauge Teflon? catheter inserted into a femoral ar-  — 
tery; cardiac output and intracardiac pressures were measured .. 
with a Swan- Ganz. catheter in D 
artery. a BES 
- Protocol: Control hemod: 





serted into the pulmonary . 
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optimal atrial pacing. 


ventricular pacing in each patient, using conventional meth- 
ods.? By study design, each patient was selected for further 
study. only if they had a sufficient blood pressure response 
during VT to remain conscious in the supine position for 2 
minutes so as to allow hemodynamic measurements when 
blood pressure stability had been reached. A specially de- 
. signed integrated circuit logic device was then programmed 
` tosense ventricular activity from the right ventricular apex 
during VT and to pace the right atrium a programmed per- 
centage interval later (analog ratio pulse driver, circuit design 
by David Mickle). Pacing was begun initially at or near 100% 
of the RR interval and gradually decreased, while the maximal 
blood pressure response to pacing over the range of coupling 
intervals noted. At maximal blood pressure the pacing was 
continued with that particular coupling interval, and cardiac 
outputs measured again. In 4 patients, a more extensive he- 
modynamic profile was assessed during VT with and without 
atrial pacing. In 2 additional patients (beyond the 8 reported 
here), atrial flutter developed when atrial pacing was at- 
tempted. Blood pressure increased in both patients, but other 
hemodynamic measurements were not made. These patients 
were excluded from further analysis. Their atrial arrhythmia 
was terminated by rapid atrial pacing. 

Data analysis: To calculate the ventriculoatrial (VA) in- 
terval at which the maximal blood pressure response was seen, 
we measured the interval between the onset of the QRS to the 
atrial stimulus artifact. This was then expressed as a per- 
centage of the RR interval during VT. Reported values for 
blood pressure are the average of 10 consecutive beats; how- 
ever, considerable beat-to-beat variability existed in the blood 
pressure measurements, especially during atrioventricular 
(AV) dissociation. Statistical analysis was performed using 
analysis of variance for repeated measures, followed by 
a multiple comparison test. The level of significance was 
p «0.05. 











Results 


The effects of synchronized 1:1 atrial pacing 
during ventricular tachycardia on hemodynamics: 
The spontaneous sinus rhythm heart rates varied be- 
tween 58 and 103 beats/min, and increased to between 

133 and 214 beats/min during induced VT (Table D. 

During VT, sinus impulses independently activated the 

atria in 7 patients, resulting in V to A ratios of 1.6:1 to 

1. 9: 1. The remaining patient. had (VA) Wenckebach 
"with VA ratios of 1.5 to 2.2:1. = > 











e Atrial Activity During Ventricular Tachycardia _ 


81 214 214 indeterminate 
70 133 133 Right 

58 211 211 Superior 

74 136 136 indeterminate 
81 177 177 Superior 

71 136 136 Right 

90 200 200 Right 

103 194 194 Right 


BBB = bundle branch block; SD = standard deviation; SR = sinus rhythm; VT = ventricular tachycardia; VTap = ventricular tachyca 


d s ubstantial hemodynamic ef 2. 


systolic blood pressure and cardiac inc 


Ventriculo- 


BBB atrial Ratios 
Type During VT 


Right 1.9:1 
Right 1.9:1 
Left Wenckebach 
(1.5 to 2.2:1) 
Right 1.7:1 
Right 1.8:1 
Right 1.7:1 
Right 1.6:1 
Right 1.6:1 


decreased in each patient (from 136 + 20 mm I 
+ 22 mm Hg, p «0.01), and mean arterial pre 
creased in all but 1 patient (from 90 + 11 mm 
X 14 mm Hg, p «0.01). The diastolic pressur 
change significantly (from 70 + 7 mm Hg to 70 
Hg). The cardiac index decreased in each pati 
2.9 + 0.5 to 1.8 + 0.5 liters/min/m?, p <0. 01). 
temic vascular resistance index increased signi 
(from 3,445 + 655 dynes s cm~5/m? to 4,000 
dynes s cm-5/m?, p «0.05). In 4 patients, the me 
atrial (RA) and pulmonary capillary wedge 
pressures increased significantly during VT in 
patient (RA from 5 + 3to 10 + 3mm Hg; PCW 
+ 3 to 20 + 2mm Hg, p <0.01). 

Synchronized 1:1 atrial pacing was then pei 
during VT and the interval from the onset of 
to the stimulus artifact for maximal blood pres 
sponse was found to be between 60% and 73% of 
interval (Table I). At this optimal pacing interv 
tolic, diastolic and mean blood pressures in 
significantly (Table П, Fig. 1 and 2) (systolic fror 
22 mm Hg to 126 + 18 mm Hg, p «0.01; diastoli 
70 + 13 mm Hg to 87 + 9 mm Hg, p «0.01; теа: 
79 + 14mm Hg to 98 + 12 mm Hg, p <0. 01). Аза 
the systolic blood pressure approached the 
(sinus rhythm) values, exceeding it in 3 patien 
the diastolic blood pressure increased above co 
every patient and the mean arterial pressure e: 
control in all but 3 patients. The systemic vase 
sistance index increased slightly but not signifi 
(from 4,000 + 573 dynes s cm~5/m? to 4,144 + 768 
s cm^9/m?). 

'The effects of atrial pacing on cardiac index we 
beneficial. Atrial pacing during VT increased c 
index in each patient (from 1.8 + 0.5 to 1.9 + 0.5 
min/m?, p <0.05). However, the atrial paced c 
index was still significantly lower than sinus rh 
When atrial pacing was added during VT, there w 
statistically significant effects on RA or PCW p 
measured in 4 of the patients. Only small chan 
noted at most; therefore, it is unlikely that in 
the sample size mou o a meaningful ck 
venous pressures. -— 

The magnitud rof: 
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те atrial pacing. 


iot correlated to the range of LVEF during sinus 
n (radionuclide LVEF between 0.23 and 0.35), nor 
hey related to the broad range of heart rates 
VT (133 to 214 beats/min). 

ioted some unfavorable events during atrial 
At very short coupling intervals (less than 50% 
К interval), blood pressure decreased in some 
In 2 other patients (beyond the 8 reported 
atrial flutter developed and was converted by 
atrial pacing. 


‘f° 


Discussion 


causes a variable degree of hemodynamic dete- 
on that is a result of anumber of cardiac and pe- 
al vascular factors. The cardiac factors may be 
(d together and considered as: rate related?5 
ened diastolic filling period); contraction relat- 
disordered or inefficient contractile sequence and 
іс impairment of function); and, synchronization 
transport- (loss of atrial contribution to filling 
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Mean Pulmonary ар 





Js 'apillary an Right Atrial — 
Cardiac index Wedge Pressure Pressure. | 
Меап (liters/min/m?) (mm Hg) (mm Hg) 
SR VT VTap SR VT Vi SR ут Vi, SR VT М 





1.1 1.2 4 19 20 1 6 6 
2.1 1.7 9 23 26 6 8 6 
1.5 1.7 7 18 15 5 14 10 
1.8 20 11 21 15 8 11 10 
1.9 26 — m ne ve ee 
1.5 16 = = = = "TEE 
1.5 16 | — -— = шы кр шы 
2.7 Ез m = چ‎ as ы. шыш 
1.81 1.9* 8 20! 19 5 10t 8 

+0.5 +05 i3 43 +2 


05 VTap vs VT (for 7 patients); ! p <0.01 VT vs SR; * p <0.01 VTap vs VT. 
diastolic blood pressure; SBP = systolic blood pressure; SR = sinus т rhythm; VT = ventricular tachycardia; VT ap 


= ventricular tachycardia 


and AV valve regurgitation). When operative and ap- 
propriate, compensatory peripheral vascular factors 
include generalized vasoconstriction for maintenance 
of blood pressure!! and redistribution of blood flow for 
maintenance of vital organ system perfusion. 

The most important consequence of VT is severe 
hypotension with impairment of vital organ system 
perfusion and loss of consciousness; but until recently, 
it has not been possible to directly study in humans the 
sequence of hemodynamic events and factors in- 
fluencing cardiac function during VT. Recently, we and 
other investigators have been able to perform hemo- 
dynamic measurements during VT in humans during 
electrophysiologic studies in order to clarify why cardiac 
function decreases. In a recent study, patients who 


had normal LV function during sinus rhythm showed 
` decreased function during VT due to a reduction of LV 





filling volume; patients who had abnormal LV function 
during sinus rhythm showed a further decreased func- 
tion during VT due to incoordinate contraction despite 


FIGURE 1. Effect of ventricular tachycardia (VT) 
and atrial pacing (ap) on blood pressure and car- 
diac output. Blood pressure and cardiac index 
significantly decreased during VT and, compared 
to sinus rhythm (SR), were either fully restored 
(blood pressure) or partially restored (cardiac 
index) when atrial pacing (VTap) was added. *p 
«0.01 VT vs SR; їр <0.01 VTap vs VT; їр «0.05 
VTap vs VT. 
























mine ў {һе hypotension i is the rate of 
VT. We "found that heart rates in excess of 200 beats/ 
^. min usually produced severe hypotension followed 
` within 1 minute by loss of consciousness,” but could not 
` distinguish among the possible mechanisms caused by 
tachycardia (e.g., filling and incoordinate contraction). 
'The present study shows the effect of loss of synchro- 
nized atrial activity during VT and the beneficial effects 
of its restoration. 

` We found that, when critically timed, synchronization 
of atrial and ventricular contraction during VT results 
in an immediate and prolonged increase in blood pres- 
sure and cardiac output. Ás has been frequently ob- 
served, cannon a waves during VT with AV dissociation 
demonstrate that atrial contraction has been ineffective 
in ventricular filling, whereas variability in the arterial 
pressure pulse demonstrates the effectiveness of an 
occasional atrial contraction with chance appropriate 
timing before ventricular contraction.? Although 1:1 VA 
conduction is not uncommon during VT,!? the near 
coincidence of atrial contraction after the delayed 
ventricular mechanical activity characteristic of V'T 
may result in an even less hemodynamically favorable 
condition than if the atrial activity had been dissociat- 
еа. In our patients, the optimal timing for improve- 
ment in hemodynamics during atrial pacing was be- 
tween 60% and 7396 of the RR interval. Surprisingly, we 
concluded that this timing interval represented atrial 
contraction in early LV diastole during VT. From the 
pressure tracings (Fig. 2), we found that ventricular 
contraction is considerably delayed after the onset of 
the abnormal QRS in VT. This optimal timing is un- 
likely to occur spontaneously. Although VT is very 
different than arrhythmia models, which use electronic 
ventricular pacing, our results of the timing of atrial 
pacing are similar to animal arrhythmia models that 











FIGURE 2. Effect of atrial pacing on arterial blood pressure during ventricular tachycardia (VT) in patient 8. The panel is arranged with 
electrocardiographic leads |, aVF and V, above an endocardial recording from the high right atrium (HRA), a pressure recording from 
aorta, and a recording from the right ventricular (RV) apex. On the left side of the panel, the VT has a cycle length of 295 to 320 ms (av 
194 beats/min) with dissociated atrial activity at a cycle length of 490 ms. Atrial pacing is begun, timed from the electrogram in the RV apex 
although some sensing problems were transiently evident (asterisk) when the atrial and ventricular coupling intervals were not exactly: 
example shows the optimal coupling interval of the atrial stimulus (S) 230 ms after the onset of the QRS (vertical dotted line), equiva 
. of the RR interval. As a result of atrial pacing, the arterial blood pressure increases from a quite variable systolic pressure between 
mm Hg (average 98 mm Hg) to a more consistent pressure between 125 and 145 mm Hg, later averaging 149 mm Hg, which exceeded 

pressure in sinus rhythm (120 1 mm m Ho). An increase in diastolic pressure was also evident. Time lines г at the top of the panel are 10 













| dysfunction, i increases in pulse pres: 


We previously reported that ^ show optin 
ssed LV function, a major deter- ay 






increases in cardiac index when atrial pe 
chronized with ventricular pacing. 

Can we speculate on the mechanisms respo 
improved cardiac output and blood pressur 
observed? 'There are at least 2 mechanisms 
synchronized and appropriately timed atria 
could improve forward stroke volume : 
Ventricular end-diastolic volumes frequen 
during УТ.115 Atrial pacing could improv 
filling and, by the Starling mechanism, inc 
sequent stroke volume. However, our result : 
pected because it was previously shown th 
who had depressed LV function (similar to ot 
did not have a decrease in cardiac filling d 
Therefore, it will be necessary to measure. 
lar volume during atrial pacing in order to j J 
difference. 

A second hypothesis would be that if atrial 
tion were timed to occur at the onset of ven 
systole it might delay the onset of, or even al 
valve regurgitation and improve forward strok 
In opposition to this hypothesis is that signi 
valve regurgitation is not always present duri 
that it is hard to imagine this effect to be as. 
or of such a magnitude as we experienced i: 
tients. Additionally, our tracings suggested t 
depolarization during pacing occurred during 
ular presystole. 

Can we consider other mechanisms by whi 
chronized atrial pacing increases blood pressur 
VT? We have shown that during VT, diastol 
pressure does not decrease and, surprisingly, i 
during synchronized atrial pacing (even though 
resistance did not change). At least 2 reflex arc 
activated during VT—not only the familiar acti 






























































рн ATRIAL PACING 



























































isoconstrictor actions of the former.!7:!8 During 
issociated atrial activity may be particularly del- 
us to arterial blood pressure when coincident atrial 
ntricular contraction not only results in reversal 
1 flow in the veins entering the heart (cannon a 
but also activates these vasodilating atrial reflex 
urthermore, these reflexes may feedback to the 
reduce their contractility and further impair their 
ribution to ventricular filling.!? Preliminary clinical 
s suggest that atrial reflexes can cause hypoten- 
during ventricular electronic pacing with disso- 
d atrial activity.2° Appropriately timed, synchro- 
l atrial pacing may beneficially affect the 
nstrictor response to VT by reduction of the 
pressure atrial reflex vasodilator response. We 

that diastolic blood pressure increased during 
pacing and this suggests to us that some reflex 


iplications of attempted synchronized atrial 
ag developed in 2 patients who had atrial flutter. 
ough blood pressure increased in both patients, we 
ot consider this rhythm desirable because it may 
ire cardioversion for termination. Additionally, we 
d that blood pressure may further decrease if syn- 
nization is set at an unfavorable interval so as to 
vhat ever little benefit random atrial depolarization 
luring the AV dissociation of УТ. 

addition to its importance in explaining the he- 
ynamic consequences of VT, we have noted the 
ble practical application of synchronized atrial 
ig. Recently, in a review of pacemaker therapy of 
ricular arrhythmias, a single case example of in- 
ased blood pressure was demonstrated during syn- 
onized atrial pacing.? The investigators suggested 
during electrophysiologic testing, it may be possible 
olong the presyncopal period during VT in order 
cate the initiating focus and determine the acti- 
g sequence, to test the acute effect of drugs, and 
aluate the response to ventricular overdrive pacing. 
spect to the use of this technique to conduct 
= studies, we recognize the possibility that atrial 
'ade conduction from atrial pacing may fuse 
e VT wavefront and perhaps distort endocardial 
ation sequence. However, we did not see this in any 
ur patients while monitoring 3 electrocardiographic 
presumably because anterograde AV nodal con- 
on delay exceeded the atrial stimulus to QRS time 








pacemaker therapy of chron ur: V1. Ihe mo 
important priority clearly is the cardioversion of such 


patients. Pacemakers with the ability to deliver syn- P. 
chronized atrial pacing (atrium paced, ventricle sensed __ 
and triggered mode) in some select subgroup might - 





































prolong the presyncopal period so as to allow the patient di 
to receive further treatment. | 
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Twenty-one patients were studied to investigate 
whether cardiac acceleration above control values 
occurred after cessation of enhanced vagal tone 
(postvagal tachycardia), and to determine the ef- 
fects of selective autonomic blockade on postvagal 
tachycardia. Patients had neither sinus arrhythmia 
nor sinus nodal dysfunction. Enhanced vagal tone 
was induced by neck suction using a lead neck 
collar connected to a vacuum source. For each 
patient intracollar negative pressures of 50 to 60 mm 
Hg were induced for 2 seconds on 10 occasions. For 
all patients, sinus cycle length increased from 821 
+ 99 to 1,067 + 241 ms (p <0.001) during neck 
suction and decreased to 760 + 96 ms after ter- 


Hunt and Harrington! noted that heart rate increased 
above control values after cessation of vagal nerve 
stimulation in the dog. Brown and Eccles? stimulated 
the vagus nerve in cats and observed initial deceleration 
of heart rate followed by a transient acceleration phase. 
The increase in heart rate after vagal discharge, so- 
called postvagal tachycardia, has been documented by 
many investigators.*-’ The mechanism for the increase 
in heart rate could be shifts in the sinus nodal pace- 
maker site, sinus nodal reentry, acceleration of the 
primary pacemaker rate (possibly because of release of 
catecholamines),® or changes in sinus nodal function 
` induced by acetylcholine unrelated to the adrenergic 
nervous system. In this study we investigated wheth- 
er postvagal tachycardia occurs in man and the ef- 
fects of selective autonomic blockade on postvagal 
tachycardia. 
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mination of neck suction, a value sign 
(p <0.001) less than control. Five of 16 pati 
no postvagal tachycardia. Maximal shorte: 
sinus cycle length occurred 3 to 8 comple 

cessation of neck suction. Neck suction wa 
in 7 patients before and during propranolo| 
istration, 0.15 mg/kg intravenously, and tł 
of postvagal tachycardia was unchanged. / 
0.03 mg/kg intravenously, prevented ne 
tion-induced sinus slowing and accelerat 
of 3 patients. We conclude that postvaga 


renergic activity, but is inhibited by mu 
blockade. (Am J Cardiol 1985;55: 99 


Methods 


Twenty-one patients without sinus arrhythmia inde 
electrophysiologic investigation for arrhythmias othe: 
sinus nodal dysfunction were studied in the postabsorp: 
nonsedated state after they gave informed written an 
consent. The patients were normotensive, and were not: 
antiarrhythmic drugs or digitalis. Two to 4 multipolar 
trode catheters were inserted intravenously, using pe 
neous technique, and positioned in several areas in the 
including the His bundle area and the high right atriu 
its junction with the superior vena cava. 

Sinus nodal recovery times were determined by | pa 
atrium for 30 seconds at 8 cycle lengths beginning wi 
and at 50-ms decrements to 350 ms. A 1-minute in 
interval was used. The first 10 intervals after pa 
measured and the maximal sinus nodal recovery ti 
all patients was normal, which is 500 ms or less. for 
laboratory.? 

Enhanced vagal tone: To assess the effects of refle: 
stimulation (enhanced vagal tone) on sinus nodal fun 
a specially built neck suction device was used.!9.1! This 
was constructed from lead stock and can be molded 
subjects with different cervical anatomy. One line f 
neck chamber connects to a vacuum source and one € 
to a pressure gauge. The chamber was placed arou 
patient's neck and the degree of suction from the 
source was adjusted to produce neck suction at ii 
negative pressures of 50 to 60 mm Hg. | 

-The vacuum source was turned оп and kept at ac 












































< After Neck Suction 


E 940 700 
950 1,280 850 
. 780 1,210 780 
`: 850 950 850 
. 720 800 720 
` 970 1,150 930 
860 1,020 680 
690 780 660 
730 940 640 
710 1,200 670 
900 990 820 
920 1,610 740 
760 940 730 
` 1,050 1,200 1,020 
. 850 920 850 
830 950 750 
700 800 700 
770 920 720 
790 940 720 


itients were instructed to keep their mouths open 
neck suction to prevent inadvertent Valsalva man- 
tracollar negative pressure was obtained by opening 
hat connected the vacuum source to the neck collar. 
alve was then closed to remove negative pressure. For 
jatient, duration of neck suction was 2 seconds, and was 
ced 10 separate times arbitrarily beginning at different 
the cardiac cycle. During the first 3 seconds of neck 
n, increased vagal tone but not sympathetic withdrawal 
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CONSECUTIVE SINUS COMPLEXES 


4. Postvagal tachycardia after neck collar suction. Each dot 
ts 1 sinus cycle length, measured in milliseconds (А-А interval). 
live sinus complexes are noted before (negative numbers) and 
tive numbers) initiation of neck suction (point 0). Cessation 
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monitored throughout the study i in3 patients, and during neck 
suction arterial blood pressure did not change. | 

Autonomic blockade!?-!5 was obtained using either pro- 
pranolol, 0.15 mg/kg intravenously, given at 1 mg/min to 7 
patients, or atropine, 0.03 mg/kg intravenously, given over 3 
minutes to 3 patients. 

Data analysis: The primary goal of this study was to in- 
vestigate postvagal tachycardia. Therefore, for each patient 
only the neck suction run that produced the greatest degree 
of cardiac acceleration after cardiac slowing was used for 
analysis (Table 1). If no increase in heart rate occurred after 
any application of neck suction, the neck suction run that 
produced the most cardiac slowing was used for analysis. 

Analysis of heart rate changes required recording sinus 
rhythm for 10 to 15 seconds before and after neck suction was 
initiated. Therefore, held expiration to minimize variations 
in heart rate was not feasible for this study. Although no pa- 
tient had sinus arrhythmia, minor variations in sinus cycle 
length did occur in some patients. For all patients, the control 
sinus rate was taken as the shortest A-A interval, measured 
from the high right atrial electrogram and observed during a 
30-second control period before initiation of neck suction. 
Data are expressed as mean + standard deviation. 


Results 


Initiation of neck suction slowed sinus rate in all pa- 
tients (Table I). In 16 of 21 patients, after termination 
of neck suction sinus cycle length shortened a mean of 
79 ms (range 30 to 180) less than control values (Table 
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] uring neck suc 
‘after reck ла ended The nace of sinus rate 
after enhanced vagal tone was gradual, and for all 16 
patients maximal shortening of sinus cycle length oc- 
curred within 3 to 8 complexes. 

The increase in heart rate after enhanced vagal tone 
was followed by a progressive lengthening of sinus cycle 
length in 13 patients until the control rate was reached 
: (Fig. 1). ‘However, in 3 patients after progressive slowing 
of sinus rate a second. acceleratory phase was noted (Fig. 
2). In all patients the primary or secondary episode of 
postvagal tachycardia occurred without a shift in the 
intraatrial activation sequence or a change in P-wave 
morphology. 

The data from all 21 patients are listed in Figure 3. 
Enhanced vagal tone prolonged sinus cycle length from 
a mean control value of 821 + 99 ms to 1,067 + 241 ms 
(p <0.001). After cessation of neck suction, mean sinus 
cycle length decreased to 760 + 96 ms, a value shorter 
(p <0.001) than control values. To determine whether 
the degree of postvagal tachycardia was related to the 
amount of sinus slowing during neck suction, the max- 
imal decrease in sinus cycle length after neck suction 
was plotted for each patient as a function of the increase 
in sinus cycle length noted in the same neck suction run 
(Fig. 4). All data were normalized to percentage of 
control sinus rate. This r value was 0,39 and the relation 
was not significant. 

Seven patients received intravenous propranolol and 
had neck suction performed before and during pro- 
pranolol administration (Table П, Fig. 5). The degree 
of postvagal tachycardia is expressed in absolute 
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Further, no patient had a statistically sign 
duction in the percent of postvagal tachyca 
patients cessation of neck suction resulted in 
acceleration before or during propranolol tr 

Three patients who had postvagal tachye: 
given atropine (Fig. 6). In all 3, atropine elimir 
suction-induced cardiac deceleration as we 
vagal tachycardia (Fig. 6). 




























Discussion 

In this study we demonstrated that the pher 
of cardiac acceleration after cardiac deceler: 
is, postvagal tachycardia, induced by a short pe 
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FIGURE 4. Postvagal tachycardia as a function of vagal-indu 
slowing. Each dot represents 1 patient. The. degree of 
tachycardia was not related to the amount of sinus slowi 
during neck suction. However, 4 of 5 patients without | 
tachycardia had less than a 15% decrease in sinus cycle len 1 
during enhanced vagal tone. 
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iced vagal tone occurs in most humans. Charac- 
cally, the sinus cycle length progressively shortens 
he end of enhanced vagal tone, and maximal sinus 
eration usually occurs within 3 to 8 complexes. The 
sase in heart rate usually is followed by a progressive 
g of heart rate back to control value. Infrequently, 
rate may again increase, as noted in 3 patients. 
mparison of human and animal experimental 
ts: Some of our results in humans differ from 
iously published data from animal models. Brown 
;ccles? directly stimulated the vagal nerve in de- 
brate cats and described a "double-wave type of 
bitory curve.” Typically, this curve showed 3 phases 
us rate: an initial abrupt slowing of rate, followed 
acceleration of rate and ending with a secondary, 
ronounced slowing of sinus rate. It is noteworthy 
inus rate in a typical experiment? did not exceed 
jntrol rate during the acceleratory phase. In our 
sinus rate exceeded control rate after enhanced 
tone in 16 of 21 patients (Fig. 1), and it was rare to 
ve a secondary inhibitory portion to the curve. 
life et al’ studied the effects of increased vagal tone 
1 vitro sinus nodal preparations. They always ob- 
ed triphasic inhibitory curves with stimulation of 
ganglionic vagal nerve terminals during experi- 
ts with cat sinus nodal preparations, but frequently 
ot produce triphasic curves with similar experi- 
; using rabbit sinus nodal tissue. Further, they? 
d shortening of the sinus cycle length immediately 
vagal stimulation (that is, not preceded by sinus 
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| ie 
increase in sinus rate to a rebound o 
membrane potential after a vagal-induced membrane 
hyperpolarization. 

Copen et al? and Loeb and Vassalle? suggested that 
postvagal tachycardia is mediated by catecholamines 
liberated by acetylcholine released during vagal stim- 
ulation. However, other investigators?9.16.17 showed that 
cardiac acceleration persisted in the presence of pro- 
pranolol. Our data demonstrate that postvagal tachy- 
cardia in humans remains essentially unchanged after 
beta-adrenergic blockade. In addition, atropine elimi- 
nates both cardiac slowing and cardiac acceleration, 
which indicates that enhanced parasympathetic tone 
is necessary to obtain postvagal tachycardia. 

It is often difficult to extrapolate data obtained from 
in vivo and in vitro animal experiments to humans. 
Similar caution must be exercised in extrapolating data 
obtained from humans to the experimental animal 
model. We obtained our data in resting, unsedated 
humans with intact autonomic nervous systems. En- 
hanced vagal tone was produced by carotid baroreflex 
activation and not by direct preganglionic or postgan- 
glionic nerve stimulation, as in the animal studies. Ob- 
viously, these clinical experimental conditions differ 
markedly from those of the denervated or anesthetized 
experimental in vitro or in vivo animal model. There- 
fore, differences in our results from results of animal 
models may be due in part to study design. Alterna- 
tively, the phenomenon of postvagal tachycardia ob- 
served in humans may be unrelated to that noted in 
previous animal investigations. 

Mechanism of postvagal tachycardia: Several 
mechanisms may explain these phenomena. Cardiac 
acceleration could be due to a shift in the site of the 
sinus nodal pacemaker or to sinus nodal reentry. In the 
isolated rabbit sinus nodal preparation,® postvagal 
tachycardia can occur in the absence of either sinus 
nodal reentry or pacemaker shifts. In our study, cardiac 
acceleration and return to control values occurred in a 
progressive manner, a finding uncommon in sinus nodal 
reentry. Although the P-wave morphology in 4 simul- 
taneously recorded leads and the intraatrial activation 
sequences remained unchanged during slowing, accel- 
eration and return to control heart rate (findings against 
shifts in the pacemaker site), our recording techniques 
are not sensitive enough to detect subtle shifts of atrial 
activation sequences resulting from minor changes in 
the pacemaker site or the wavefront of activation exiting 
from the sinus node. 

It is possible that neck suction increased intraatrial 
blood volume or simulated an increase in volume by 
activating atrial stretch receptors. Bainbridge!? report- 
ed that augmented venous return to the heart pro- 
duced an acceleration of heart rate, possibly medi- 
ated by sympathetic efferents. Vatner and Boettcher!? 
demonstrated that the interaction of changes in 
intracardiac volume and heart rate was actually quite 
complex and influenced by autonomic tone at the onset 
of volume loading. Mhile change | 
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-the fact that postvagal tachycardia occurs in - 


tro and was unaffected by propranolol in our patients 
provides evidence against this mechanism. 
- Enhanced vagal tone produces changes in sinus nodal 
membrane potential that have been proposed as the 
cause of postvagal tachycardia.97 These changes in di- 
` astolic potential were thought to be due to direct actions 
‘of acetylcholine®’ and were not blocked by the addition 
` of propranolol.” The ionic mechanisms underlying 
` these alterations in membrane potential need further 
clarification. Whether similar alterations occur in 
human sinus node is not known. Future technologic 
developments may enable us to study in more detail 
subtle changes in sinus nodal activity occurring dur- 
ing enhanced vagal tone as well as in the postvagal 
period. 


Acknowledgment: We appreciate the secretarial assistance 
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yocardial Infarction Treated with Intracoronary Streptokina: 


A Report of the Society for Cardiac Angiography * 












6. Major nonfatal complications of intracoronary streptoki- 
nase therapy occurred in: 
a) 1376 of the patients 
b) 1.396 of the patients 
C) 1.996 of the patients 
d) 9% of the patients 


7. The mortality rate for women in this registry was: 
a) 0.496 
b) 8.296 
с) 7.196 
d) 12.796 





8. Among patients in cardiogenic shock, the mortality rate 
.. was lower in patients whose: 

a) reperfusion was unsuccessful | 
b) reperfusion was successful Hs 
C) age was older than 60 years | 
d) age was younger than 60 years 








9. The presence of ongoing chest pain in most patients 
related to: 
a) no reperfusion 
b) reperfusion EX 
c) low left ventricular end-diastolic pressure К 
d) high left ventricular end-diastolic pressure E 











10. Of 1,029 patients, reperfusion was accomplished in: Ў 
а) 60.0% л : 
b) 69.0% — | р 
с) 71.2% 
а) 17.4% 








For successful monotherapy in angina’... 





Recent evidence’ has shown that optimal results 
with ISORDIL (isosorbide dinitrate) are achieved 
when the entire dosage range is utilized: Start with 
10 or 20 mg q.i.d. before meals and at bedtime and 
increase to as 0 mg q i.d. or кон ап xU бды est 1$ 
on | 


ISOR DIL TITRADOSE 


(ISOSORBIDE DINITRATE) SEE ses some 


Effects of upward dosage titration in a double-blind cross- 
over study of patients with angina pectoris in whom ISORDIL 
reduced the number of anginal attacks by 50% or more. 


Percent of Patients Optimally Controlled’ 


Percent of Responders Percent of All Patients 

(cumulative) (cumulative) 

100% 
10mg |520 mg| 530 mg 10mg | 520 mg| s30 mg 
q.íd.  |q.í.d. qg.i.d. а.а. 97" ата. 

Dosage Dosage 

N=10 N=16 


+05 Pat Nos. 3883647 and D224591 (Titradose”) 
1.Hill JA, Feldman RL, Pepine CJ, Conti CR: Randomized double-blind comparison of nifedipine and 
isosorbide dinitrate in patients with coronary arterial spasm. AmJ Cardiol 1982; 49:431-438. 
© 1984 Ives Laboratories Inc (R) 


For Brief Summary please see following page. 
*ISORDIL has been evaluated as possibly effective when taken orally for this indication. See Brief Summary. 
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ations: Based on a review of this 
by the National Academy of 
nces—National Research Council 
d/or other information, FDA has clas- 
the indications as follows: 
ssibly” effective: When taken by the 
oute, Isordil is indicated for the 
ief of angina pectoris (pain of coro- 
artery disease). It is not intended 
oort the acute anginal episode but 
ely regarded as useful in the 
lactic treatment of angina pectoris. 
al classification of the less-than- 
ective indications requires further 
nvestigation. 


gs: Data supporting the use of 

and nitrates during the early days 

гаа of myocardial infarction 

period during which clinical and labo- 

findings are unstable) are insuffi- 

to establish safety. 

utions: Tolerance to this drug and 

tolerance to other nitrites and 

› may occur. In patients with func- 

at or organic gastrointestinal hypermo- 

ог malabsorption syndrome, it is 

ggested that either Isordil Oral Titradose 

ablets, Isordil Sublingual tablets, Isordil 

wable tablets, or Isordil Tembids 

psules be the preferred therapy since a 

ients have reported passing 

rtially dissolved lsordil Tembids tablets 

ir stools; this phenomenon is 

Sved to be on the basis of physiologic 

ibility and to reflect rapid gastrointesti- 

insit of the tablet. 

se Reactions: Cutaneous vasodilation 

lishing. Headache is common and 

severe and persistent. Transient 

of dizziness and weakness as well 

signs of cerebral ischemia associ- 

postural hypotension may occa- 

y develop. This drug can act as a 

Ogical antagonist to norepineph- 

icetylcholine, histamine, and many 

agents. An occasional individual 

ts marked sensitivity to the hypoten- 

fects of nitrite, and severe responses 

ea, vomiting, weakness, restlessness, 

rspiration and collapse) can occur 

vith the usual therapeutic dose. 

al may enhance this effect. Drug rash 
foliative dermatitis may occasion- 
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You may know the concern 

over ECG misinterpretation that 

several pacing experts have voiced 

in recent clinical articles (1-8). 

But thanks to the unique 

Marker Channel" recording, 

Medtronic’s Symbios" 

pacemakers aren't 
part of this problem; 


ET = they’re a significant 
pos ND part of the solution. 
| PENNA. simply put, Marker 
nu E Channel telemetry 
i 7 makes pacemaker ECG 
>» interpretation faster, easier 
© and more accurate. 

With distinct marks 
and annotation, Marker 
Channel ECG recording 

clearly identifies whether 
the ventricular (V) and 
atrial (А) events were sensed 
(S) or paced (P). 
This simplifies your evalu- 
ation of intrinsic atrial and 
ventricular activity as well as appro- 
priately programmed pacemaker 
function. It helps prevent potential 
misdiagnosis by disclosing events 
such as spontaneous atrial depolar- 
izations and pacemaker output 
pulses that may not be discernible 
on the ECG alone. 
This helps you quickly deter- 
mine whether the pacemaker is 
programmed to the proper settings 
and functioning correctly. 
That is, it will if the pacemaker 
is a Symbios, because no other 
pacing system offers Marker Channel 
recording telemetry. 

ме, gm Reasons enough, we think, to 
TUM ask your nearest Medtronic represen- 
tative about this significant advance. 
And find out how, once again, he or 
she can make your life much easier. 


Medtronic (29 


People making life easier. 
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This ECG appears to represent normal DDD pacing. The P-R interval vanes slightly 
so that occasional pacing (fusing) is seen. 

The Marker Channel,” however, reveals intermittent atrial sensing: P-Waves 
seen on the ECG are not always accompanied by an atrial sense (“AS”) marker pulse. 
Marker Channel ECG interpretation enables you to proceed quickly to corrective 


measures, such as reprogramming atrial sensitivity or repositioning the atrial lead. 





ELC ARO 
COMES EASE 












its with neoplastic disease. 


controversy. 


its with neoplastic disease. 


| BIOS" SYSTEM 
ntended Use 
- The Symbios" Models 
/005/7006 dual-chambered, multi- 
- modal pulse generators have a 
wide range of pacing applications, 
depending on which а mode 
is Selected. In the A-V universal 
DDD) and AV sequential (DVI) 
ng modes, they are intended for 
term therapeutic control of 
еа rate in patients where the 
estoration of АУ synchrony is 
dicated to improve cardiac output 
r to protect against arrhythmias 
elated to the sequence of cardiac 
mpulse propagation. In the 
ntricular demand (V VI) pacing 
mode, they are intended for long- 
erm therapeutic control of heart 
їп patients with impulse 
tion or conduction disorders 
ing to bradyarrhythmias, 
achyarrhythmias, and heart block. 
`. “The Medtronic” Model 9710 
Pacemaker Programmer is intended 
or use by a physician to nonin- 
vasively Веры the Medtronic 
lantable pulse generators 
the Programmer Technical 
odel 9710 Pro- 
beu used to measure 





jad from a symposium sponsored by the Infectious r 
i от —— of Medicine and the 


ыле: treatment, and prevention of various 
, fungal, viral, and parasitic infections presenting 


s not just another “proceedings” volume. Rather 
edited work, with papers by investigators who 

hitted definitive preparations for publication. Further- 
the authors take a strong position on their topics, 
obing questions and promote a stimulating forum 


The result is a concise, dynamic study that belongs in 
rofessional library of every physician treating 










































(via skin electrodes) rate and pulse 
width (and A-V interval) of an 
implanted pacemaker and to receive 
telemetered information from those 
implanted pacemakers which are 
so equipped. 

For more information, write: 
Physician Information Services, 
Medtronic, Inc. Business/ 
‘Technology Center, T246- PO. Box 
1453, Minneapolis, MN 55440. 

Or call: 1-800-328- 2518, ask for 
Education Department. 
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Low incidence of side effects Reduces angina attack frequency* 
CARDIZEM® (diltiazem HCl) 42% to 46% decrease reported in 
produces an incidence of adverse multicenter study: 


reactions not greater than that Increases exercise tolerance* 


reported with placebo therapy, In Bruce exercise test? control 
thus eng tothe patients xatients averaged 8.0 minutes to 
Sense ої well-being. onset of pain; Cardizem patients 


| ‘coronary artery spasm and in the management of chronic stable averaged 9.8 minutes (Р<.005). 
angina (classic effort-associated angina) in patients who cannot 


tolerate therapy with beta-blockers and/or ein or who remain ® 
References: 





E а а выно ага етому diltiazem 

Е tiazem hydrochloride for the treatment of stable angina ( HCl) 
Ease pectoris Ве Sue of а cooperative clinical trial. Am J Cardiol 

а Pool PE, cusan sm Bonanno JA, et al: The treatment of exercise- THE BALANCED 
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PROFESSIONAL USE INFORMATION 


cardizem. 
C (diltiazem HCD 
30 mg and 60 mg tablets 

DESCRIPTION s 

CARDIZEM* {diltiazem hydrochloride) is a calcium ion influx 
inhibitor [slow channel blocker or calcium antagonist). Chemically, 
diltiazem hydrochloride is 1,5-Benzothiazepin-A(5H)one, 3-(acetyloxy) 
-5-[2-idimethylaminojethyl |-2.3-dihydro-2-(4-methoxyphenyl)-, 
monohydrochioride (+) -cis-. The chemical structure is: 
OCH, 





e HCI 


5 
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AC 
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Diltiazem hydrochloride is a white to off-white crystalline powder 
with a bitter taste. it is soluble in water, methanol, and chloroform. 
it has a molecular weight of 450.98. Each tablet of CARDIZEM 
contains either 30 mg or 60 mg diltiazem hydrochloride for oral 
administration. 


CLINICAL PHARMACOLOGY 

The therapeutic benefits achieved with CARDIZEM are believed 
to be related to its ability to inhibit the influx of calcium ions 
cae membrane depolarization of cardiac and vascular smooth 
muscle. 

Mechanisms of Action. Although precise mechanisms of its 
antianginal actions are still being delineated, CARDIZEM is believed 
to act in the following ways: 

1. Angina Due to Coronary Artery Spasm: CARDIZEM has been 
shown to be a potent dilator of coronary arteries both epicardial 
and subendocardial. Spontaneous and ergonovine-induced cor- 
onary artery spasm are inhibited by CARDIZEM. 

2. Exertional Angina: CARDIZEM has been shown to produce 
increases in exercise tolerance, probably due to its ability to 
reduce myocardial oxygen demand. This is accomplished via 
reductions in heart rate and systemic blood pressure at submaximal 
and maximal exercise work loads. 

in animal models, diltiazem interferes with the slow inward 
(depolarizing) current in excitable tissue. It causes excitation-contraction 
uncoupling in various myocardial tissues without changes in the 
configuration of the action potential. Diltiazem produces relaxation 
of coronary vascular smooth muscie and dilation of both large and 
small coronary arteries at drug levels which cause little or no 
negative inotropic effect. The resultant increases in coronary blood 
flow (epicardial and subendocardial) occur in ischemic and nonischemic 
models and are accompanied by dose-dependent decreases in sys- 
temic blood pressure and decreases in peripheral resistance. 

Hemodynamic and Electrophyslologic Effects. Like other 
calcium antagonists, diltiazem decreases sinoatrial and atrioventricu- 
lar conduction in isolated tissues and has a negative inotropic effect 
in isolated preparations. In the intact animal, prolongation of the AH 
interval can be seen at higher doses. 

In man, diltiazem prevents spontaneous and ergonovine-provoked 
coronary artery spasm. It causes a decrease in peripheral vascular 
resistance and a modest fall in blood pressure and, in exercise 
tolerance studies in patients with ischemic heart disease, reduces 
the heart rate-blood pressure product for any given work load. 
Studies to date, primarily in patients with good ventricular function, 
have not revealed evidence of a negative inotropic effect; cardiac 
output, ejection fraction, and left ventricular end diastolic pressure 
have not been affected. There are as yet few data on the interaction 
of diltiazem and beta-blockers. Resting heart rate is usually unchanged 
or slightly reduced by diltiazem. 

intravenous diltiazem in doses of 20 mg prolongs AH conduction 
time and AV node functional and effective refractory periods approxi- 
mately 20%. in a study involving single oral doses of 300 mg of 
CARDIZEM in six normal volunteers, the average maximum PR 
protongation was 1496 with no instances of greater than first-degree 
AV block. Diltiazem-associated prolongation of the AH interval is not 
more pronounced in patients with first-degree heart block. In patients 
with sick sinus syndrome, diltiazem significantly prolongs Sinus 
cycle length (up to 5096 in some cases). 

Chronic oral administration of CARDIZEM in doses of up to 240 
mg/day has resulted in small increases in PR interval, but has not 
usually produced abnormal prolongation. There were, however, three 
instances of second-degree AV block and one instance of third- 
degree AV block in a group of 959 chronically treated patients. 

Pharmacokinetics and Metabolism. Ditiazem is absorbed 
from the tablet formulation to about 8096 of a reference capsule and 
is subject to an extensive first-pass effect, giving an absolute 
bioavailability (compared to intravenous dosing) of about 40%. CARDIZEM 
undergoes extensive hepatic metabolism in which 2% to 4% of the 
unchanged drug appears in the urine. In vitro binding studies show 
CARDIZEM is 70% to 80% bound to plasma porene Competitive 
ligand binding studies have also shown CARDIZEM binding is not 
altered by therapeutic concentrations of digoxin, hydrochlorothiazide, 
phenylbutazone, propranolol, salicylic acid, or warfarin. Single ога 
doses of 30 to 120 mg of CARDIZEM result in detectable plasma 
levels within 30 to 60 minutes and peak plasma levels two to three 
hours after drug administration. The plasma elimination half-life 
following single or multiple drug administration is approximately 3.5 
hours. Desacetyl diltiazem is also present in the plasma at levels of 
10% to 20% of the parent drug and is 25% to 50% as potent a 
coronary vasodilator as diltiazem. Therapeutic blood levels of 
CARDIZEM appear to be in the range of 50 to 200 ng/mi. There is a 
departure from dose-linearity when single doses above 60 mg are 
given; a 120-mg dose gave blood levels three times that of the 60-mg 
dose. There is no information about the effect of renal or hepatic 
impairment on excretion or metabolism of нает. 


INDICATIONS AND USAGE 
1. Angina Pectoris Due to Coronary Artery Spasm. CARDIZEM 


is indicated in the treatment of angina pectoris due to coronary 
artery spasm. CARDIZEM has been shown effective in the 
treatment of spontaneous coronary artery spasm presenting as 
Prinzmetal's variant angina (resting angina with ST-segment 
elevation occurring during attacks). 

2 Chronic Stable Angina (Classic Effort-Associated Angina). 
CARDIZEM is indicated in the management of chronic stable 
angina. CARDIZEM has been effective in controlled trials in 
reducing angina frequency and increasing exercise tolerance. 

There are no controlled studies of the effectiveness of the concomi- 

tant use of diltiazem and beta-blockers or of the safety of this 
combination in patients with impaired ventricular function or conduc- 
tion abnormalities. 


CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick sinus 
syndrome except in the presence of a functioning ventricular pacemaker, 
(21 patients with second- or third-degree AV block except in the 
presence of a functioning ventricular pacemaker, and (3) patients 
with hypotension (less than 90 mm Hg systolic). 


WARNINGS 

1. Cardiac Conduction. CARDIZEM prolongs AV node refrac- 
tory periods without significantly prolonging sinus node recov- 
ery time, except in patients with sick sinus syndrome. This 
effect may rarely result in abnormally slow heart rates (particularly 
in patients with sick sinus syndrome) or second- or third-degree 
AV block (six of 1243 patients for 0.4896). Concomitant use of 
diltiazem with beta-blockers or digitalis may result in additive 
effects on cardiac conduction. A patient with Prinzmetal's 
angina developed periods of asystole (2 to 5 seconds) after a 
single dose of 60 mg of diltiazem. | 

2. Congestive Heart Faliure. Aithough diltiazem has a negative 
inotropic effect in isolated animal tissue preparations, hemodynamic 
studies in humans with normal ventricular function have not 
shown a feduction in cardiac index nor consistent negative 
effects on contractility (dp/dt). Experience with the use of 
CARDIZEM alone or in combination with beta-blockers in patients 
with impaired ventricular function is very limited. Caution should 
be exercised when using the drug in such patients. 

3. doter Decreases in blood pressure associated with 
CARDIZEM therapy may occasionally result in symptomatic 
hypotension. 

4 Acute Hepatic injury. in rare instances, patients receiving 
CARDIZEM have exhibited reversible acute hepatic injury aS 
evidenced by moderate to extreme elevations of liver enzymes. 
‘See PRECAUTIONS and ADVERSE REACTIONS.) 


PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) is extensively metab- 
olized by the fiver and excreted by the kidneys and in bile. As with any 
new drug given over prolonged periods, laboratory parameters should 
be monitored at regular intervals. The drug should be used with 
caution in patients with impaired renal or hepatic function. іп sub- 
acute and chronic dog and rat studies designed to produce toxicity, 
high doses of diltiazem were associated with hepatic damage. In 
special subacute hepatic studies, oral doses of 125 mg/kg and 
higher in rats were associated with histological changes in the liver 
which were reversible when the drug was discontinued. In dogs, 
doses of 20 mg/kg were also associated with hepatic changes: 
however, these changes were reversible with continued dosing. 

Drug Interaction. Pharmacologic studies indicate that there 
may be additive effects in prolonging AV conduction when using 
beta-blockers or digitalis concomitantly with CARDIZEM. (See 
WARNINGS). 

Controlled and uncontrolled domestic studies suggest that con- 
comitant use of CARDIZEM and beta-blockers or digitalis is usually 
well tolerated. Available data are not sufficient, however, to predict 
the effects of concomitant treatment, particularly in patients with left 
ventricular dysfunction or cardiac conduction abnormalities. In healthy 
volunteers, diltiazem has been shown to increase serum digoxin 
levels up to 2096. 

Carcinogenesis, Mutagenesis, impairment of Fertility. A 
24-month study in rats and a 21-month study in mice showed no 
evidence of carcinogenicity There was also no mutagenic response 
in in vitro bacterial tests. No intrinsic effect on fertility was observed 
in rats. 

Pregnancy. Category C. Reproduction studies have been con- 
ducted in mice, rats, and rabbits. Administration of doses ranging 
from five to ten times greater (on a mg/kg basis) than the daily 
recommended therapeutic dose has resulted in embryo and fetal 
lethality. These doses, in some studies, have been reported to Cause 
skeletal abnormalities. In the perinatal/postnatal studies, there was 
some reduction in early. individual pup weights and survival rates. 
There was an increased incidence of stillbirths at doses of 20 times 
the human dose or greater. 

There are no weil-controlled studies in pregnant women: therefore, 
use CARDIZEM in pregnant women only if the potential benefit 
justifies the potential risk to the fetus. 

Nursing Mothers. it is not known whether this drug is excreted 
in human milk. Because many drugs are excreted in human milk, 
exercise caution when CARDIZEM is administered to a nursing 
woman if the drug's benefits are thought to outweigh its potential 
risks in this situation. 

Pediatric Use. Safety and effectiveness in children have not 
been established. 


ADVERSE REACTIONS 

Serious adverse reactions have been rare in studies carried out to 
date, but it should be recognized that patients with impaired ventricu- 
lar haud and cardiac conduction abnormalities have usually been 
excluded. 

in domestic placebo-controlled trials, the incidence of adverse 
reactions reported during CARDIZEM therapy was not greater than 
that reported during placebo therapy. 

The following represent occurrences observed in clinical studies 
which can be at least reasonably associated with the pharmacology 
of calcium influx inhibition. In many cases, the relationship to 
CARDIZEM has not been established. The most common occurrences, 
as well as their frequency of presentation, аге. edema (2.4%), 


headache 2.196), nausea (1.9%), dizziness (1.596), rash (1.39 
asthenia (1.296), AV block (1.196). In addition, the following even 
were reported infrequently (less than 196) with the order of present 
tion corresponding to the relative frequency of occurrence. 


Cardiovascular: Flushing, arrhythmia, hypotension, bradyc 
dia, palpitations, congestive heart failu 
syncope. 

Paresthesia, nervousness, somnolenc 


Nervous System: | shes 
tremor, insomnia, hallucinations, and amnes 


Gastrointestinal: Constipation, dyspepsia, diarrhea, vomitii 
mild elevations of alkaline phosphatase, SG( 
SGPT, and LDH. 

Dermatologic: Pruritus, petechiae, urticaria, photosensitiv 

Other: Polyuria, nocturia. 


The following additional experiences have been noted: 

A patient with Prinzmetal's angina experiencing episodes 
vasospastic angina developed periods of transient asymptoma 
asystole approximately five hours after receiving a single 60-1 
dose of CARDIZEM. 

The following ee events have been reported inf 
quently in patients receiving CARDIZEM: erythema multiforme; li 
kopenia: and extreme elevations of alkaline phosphatase, SG! 
SGPT, LDH, and CPK. However, a definitive cause and effect betwt 
these events and CARDIZEM therapy is yet to be established. 


OVERDOSAGE OR EXAGGERATED RESPONSE 
Overdosage experience with oral diltiazem has been limit 
Single oral doses of 300 mg of CARDIZEM have been well tolera 
by healthy volunteers. in the event of overdosage or exaggera 
response, appropriate supportive measures should be employet 
addition to gastric lavage. The following measures may be consider 


Bradycardia Administer atropine (0.60 to 1.0 mg). if th 
is no response to vagal blockade, adminis 
isoproterenol cautiously. 

High-Degree AV Treat as for bradycardia above. Fixed hi 

Block degree AV block should be treated with ‹ 


diac pacing. 

Administer inotropic agents (isoproteret 
dopamine, or dobutamine) and diuretics. 
Vasopressors (eg, dopamine or levartere 
bitartrate!. 


Actual treatment and dosage should depend on the severity of 
gie situation and the judgment and experience of the trea! 
physician. 

The oral/LD.,'s in mice and rats range from 415 to 740 mg 
and from 560 to 810 mg/kg, respectively The intravenous 10... 
these species were 60 and 38 mg/kg, respectively The oral LB, 
dogs is considered to be in excess of 50 mg/kg, while lethality ¥ 
seen in monkeys at 360 mg/kg. The toxic dose in man is not kno 
but blood levels in excess of 800 ng/ml have not been associa 
with toxicity. 


DOSAGE AND ADMINISTRATION 

Exertional Angina Pectoris Due to Atherosclerotic Ct 
nary Artery Disease or Angina Pectoris at Rest Due to Ct 
nary Artery Spasm. Dosage must be adjusted to each patie 
needs. Starting with 30 mg four times daily, before meals ant 
bedtime, dosage should be increased gradually (given in divi 
doses three or four times daily) at one- to two-day intervals t 
optimum response is obtained. Although individual patients | 
respond to any dosage level, the average optimum dosage ra 
appears to be 180 to 240 mg/day. There are по available data conc 
ing dosage requirements in patients with impaired renal or hep 
function. if the drug must be used in such patients, titration shoul 
carried out with particular caution. 

Concomitant Use With Other Antianginal Agents: 

1. Sublingual NTG may be taken as required to abort at 
anginal attacks during CARDIZEM therapy. 

2. Prophylactic Nitrate Therapy — CARDIZEM may be sé 
coadministered with short- and long-acting nitrates, but ti 
have been no controlled studies to evaluate the antiang 
effectiveness of this combination. 

3. Beta-blockers. (See WARNINGS and PRECAUTIONS} 


HOW SUPPLIED 

Cardizem 30-mg tablets are supplied in bottles of 100 (f 
0088-1771-47) and in Unit Dose Identification Paks of 100 {! 
0088-1771-49}. Each green tablet is engraved with MARION on 
side and 1771 engraved on the other CARDIZEM 60-mg sc 
tablets are supplied in bottles of 100 (NDC 0088-1772-47) and in 
Dose identification Paks of 100 (NDC 0088-1772-49}. Each ye 
tablet is engraved with MARION on one side and TE on у ^ 
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Exercise testing using a modified Bruce treadmill 
protocol was performed by 17 children with Wolff- 
Parkinson-White (WPW) syndrome. All had intra- 
cardiac electrophysiology studies as well. Endur- 
ance time, heart rate and blood pressure were 
normal during exercise. Ventricular premature 
complexes were seen with exercise in 2 patients 
and supraventricular tachycardia with exercise 
testing was seen in 2. Disappearance of the delta 
wave with exercise correlated with a long antero- 
grade effective refractory period of the Kent bundle 
(360 to 390 ms). Children with partial normalization 


Studies of exercise testing in patients with Wolff-Par- 
kinson-White (WPW) syndrome have been performed 
in populations consisting mostly or exclusively of 
adults.i-!7 This study evaluates the role of exercise 
testing in children with WPW syndrome. 


Methods 


Patients studied: We reviewed the results of exercise tests 
performed by 17 children known to have WPW syndrome on 
electrocardiograms obtained at rest and who also had intra- 
cardiac electrophysiologic testing. Each had an anatomically 
normal heart. The children (13 boys and 4 girls) ranged in age 
from 4 to 16 years (mean and median 10). Medications were 
discontinued for at least 24 hours before both exercise testing 
< and electrophysiologic study in all patients except 1 in whom 
"^ digoxin was continued until the time of both studies. 

& Exercise test procedure: Each test was performed fol- 
lowing the Bruce protocol as modified by Cummings et аһ! 
with increases in treadmill speed and grade at each of 3- 
minute stages on a previously calibrated treadmill. Patients 
were encouraged to exercise to exhaustion. The electrocar- 
diogram was continuously monitored in leads II, aVF and V; 
with recording at 1-minute intervals. A 12-lead recording was 
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— for each patient. Peak hea: 
2 beats/min (mean 192). 


of the QRS during exercise had a longer anter¢ 
effective refractory period of the Kent bun 
those in whom preexcitation persisted. In 1 p 
disappearance of the delta wave with e 
confirmed the diagnosis of WPW sync 
Preexcitation was seen only after exercise 
tient. Exercise testing is of value in the e 
of children with WPW syndrome; children | 

syndrome who have total normalization o 
interval during exercise and few or no syn 
tachycardia do not require electrophysiologi 
(Am J Cardiol 1985;55: 196 | 





















performed at each stage of exercise and at 1- minute inter 
for 5 minutes after exercise. Blood pressure was: 
at each stage of exercise and at 1, 3 and 5 mini 
exercise. 
Electrophysiologic study: The electrophysiolo 
was performed after sedation with intramuscular m 
(1 mg/kg) and promethazine (1 mg/kg). Measurem 
anterograde effective refractory period of the access 
nection was performed using the atrial extrastim 
nique. The anterograde effective refractory period j 
cessory connection was defined as the longest АА»: 
measured in sinus rhythm that failed to conduct wi 
wave. The location of the accessory pathway was dete 
by atrial mapping during supraventricular {асһус: 
atrial pacing. Ten of 17 electrophysiologic studies w 
formed within several days of exercise testing; 2 wi 
formed 2 weeks after exercise testing; 1 study was p 
3.5 years after exercise testing; 4 were performed i 
in whom exercise testing had been performed betw 
4 years earlier. One patient in this group had a se 
performed 8 years after electrophysiology study. 
Data analysis: Heart rate at rest, exercise dura 
cise heart rate and exercise blood pressure were compa 
these same indexes reported by Cummings!? using t 
cise protocol in healthy children. Persistence of pre 
or partial or total normalization of preexcitation was 
from the exercise electrocardiogram and was comp 
the refractory period of the accessory connection. 
at catheterization. 



















































Results 


Endurance time was normal for this group of 
The blood pressure increase s with exerc 








|). Tachycardia had not been otherwise documented in 


i .. this child. Wide QRS tachycardia (antedromic) was seen 
. În the other case of tachycardia induced by exercise 


testing (Fig. 2); ventricular premature complexes in 2 
|. patients. 


2) 


— — Response of preexcitation to exercise: Four pat- 


| IRSE . . . 
~ terns of response of preexcitation to exercise were ob- 


ky 


served in these children: (1) One child known to have 


E intermittent preexcitation on the surface electrocar- 
.. diogram had no preexcitation either on the rest elec- 


.. trocardiogram or during exercise; preexcitation was seen 
. only in the postexercise period. (2) In 4 patients, evi- 
. dence of preexcitation totally disappeared with exercise; 
_ the disappearance was abrupt in 1 patient (Fig. 3) and 

` gradual in 3. In 1 patient with gradual total disappear- 

is ance of preexcitation, the diagnosis was uncertain before 
... exercise testing because of the subtle nature of the delta 
p wa ve (Fig. 4). Disappearance of the delta wave during 
| exercise in this patient led to the diagnosis of WPW 
— syndrome. (3) Partial normalization of the QRS com- 
.. plex during exercise was seen in 6 patients. We defined 
.. this as a definite change in QRS complex morphology 
. with a persistent small delta wave (Fig. 5). (4) Preexci- 
i: tation persisted during exercise in 6 patients (Fig. 6). 
. We did not observe any instance of development of 
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3 ` FIGURE 1. Narrow QRS tachycardia developing during exercise in a 
. Child with Wolff-Parkinson-White syndrome. 
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А a FIG URE 2. Wide QRS supraventricular tachycardia occurring in post- 


J 


|. exercise recovery period in a child with Wolff-Parkinson-White 
Bone. 
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| hs FIGURE 3. Disappearance of preexcitation with exercise. WPW — 
.  Wolff-Parkinson-White. 
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during exercise i 


preexcitation at rest. 

Result of exercise-electrophysiology correlation: 
Findings from exercise testing were compared with data 
obtained from electrophysiologic study. There was no 
relation between a persistent delta wave during exercise 
and either the type of preexcitation (type A, B or C) 
found on the surface electrocardiogram at rest or the 
location of the accessory connection. 

The anterograde effective refractory period was not 
determined in 1 patient in whom tachycardia developed 
with numerous different cycle lengths of premature 
atrial extrastimuli. Because anterograde block in both 
the atrioventricular node and accessory connection 
occurred at cycle lengths less than 235 ms, the antero- 
grade effective refractory period of the Kent bundle was 
considered less than 235 ms. The anterograde effective 
refractory period of the 4 other patients ranged from 180 
to 290 ms (mean 240 and standard deviation 45). One 
of the children with preexcitation that persisted during 
exercise had evidence of a nodoventricular (Mahaim) 
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FIGURE 4. Disappearance of preexcitation with exercise demonstrating 
presence of Wolff-Parkinson-White syndrome in a patient in whom delta 
wave was subtle (catheterization diagnosis of unidirectional retrograde 
accessory pathway). 
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FIGURE 6. Persistence of ERE with exercise testing. 


fiber as the cause of preexcitation on the surface elec- 
trocardiogram. 

Six children had partial normalization of the QRS 
during exercise. They had an anterograde effective re- 
fractory period of the accessory connection of 206 to 325 
ms (mean 288 and standard deviation 41). 

Four children had unequivocal change in QRS mor- 
phology during exercise. The child in whom the pres- 
ence of a delta wave was demonstrated by exercise 
testing is included in this group. Ventricular preexci- 
tation was not found at the time of electrophysiology 
study in which there was retrograde conduction only 
through the accessory connection and numerous epi- 
sodes of orthodromic supraventricular tachycardia. The 
3 other children had an anterograde effective refractory 
period of the accessory connection from 360 to 390 ms 
(mean 376 and standard deviation 12). 

The patient in whom preexcitation was seen only in 
the postexercise period had a very long anterograde 


EXERCISE TESTING IN CHILOREN WITH WPW SYNDROME 
n = 16 
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NORMALIZATION PARTIAL 
NORMALIZATION 
FIGURE 7. Relation between result of exercise testing and anterograde 
effective refractory period (AERP) of accessory connection (AC). 
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Discussion vas 
b. 


Previous studies of results of exercise testing in pa- 
tients with WPW syndrome have been performed in - 
adult patients with bicycle,9:11-14 treadmill1916 or step ~ 
test.1-5.7 ёс, 

Dysrhythmias with exercise: Dysrhythmias are | 
infrequently induced by exercise in adults with WPW - 
syndrome. No exercise-induced tachycardia was ob- - 
served by Sherf and Neufeld!! in 178 patients or by 
Strasberg et al!6 in 54. Averill et al? reported that a 
27-year- -old man had tachycardia immediately after 
exercise. Four of the 42 patients studied by Levy et all - 
developed tachycardia with exercise. Exercise testing | 
has occasionally resulted in documentation of supra- 
ventricular tachycardia in persons with preexcitation — 
syndrome who did not have supraventricular tachy- | 
cardia during ambulatory monitoring. 16 Levy et ali^ 
recommend that persons in whom supraventricular 
tachycardia develops during exercise testing should | 
limit their athletic activity. Our study indicates that — 
tachycardia may be initiated by exercise in some chil- - 
dren with WPW syndrome. In 1 such patient we had not i 
otherwise observed tachycardia. Both antedromic and 
orthodromic tachycardia were observed in our study, 
and both spontaneously terminated without treatment. 
We have permitted these 2 children to participate in - 
athletics and there have been no complications to 
date. vis 
Preexcitation not apparent at rest: Two exercise 
tests led to demonstration of WPW syndrome that wa 
not apparent at rest. In 1 patient, intermittent WPW 1 
syndrome was known to be present, and preexcitation 7 
was seen only after exercise. This phenomenon had been- 
observed by Averill? and has been attributed to exces- - 
sive vagal tone after exercise. In the other patient the 
diagnosis had been uncertain before exercise testing. 
Evidence of preexcitation may develop during exercise - 
in persons without preexcitation at rest.!!!2,15 We did 
not observe the development of preexcitation with ex- 
ercise in this study. | 

Prediction of the anterograde effective refill 
tory period of the accessory connection: We found - 
a correlation between normalization of the QRS pw 
ing exercise and the length of the anterograde effective | 
refractory period of the Kent bundle (Fig. 13; Total. 
normalization of the QRS during exercise correlated 
with a long anterograde effective refractory period of ' 
the Kent bundle (360 to 390 ms). Normalization of the 
QRS during exercise had been observed by Master et - 
al! and Wolff and White.? The incidence of normaliza- 
tion of the QRS during exercise has ranged from less | 
than 10!! to 50%!415 in large studies. Normalization 
of preexcitation during exercise has been associ 
with better prognosis!? and better exercise capacity. 
Differentiation of partial normalization (also called? 
pseudonormalization) from total normalization is dif- 
ficult.!! Some investigators? have grouped partial and. 
total normalization without an attempt to separate the 
2 groups. К 
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on, : 
cular conduction and conduction anter- 
rough the accessory connection and rate- 
lent block in the accessory pathway. Abrupt 
lization probably represents anterograde block 
accessory pathway.!? Both gradual total nor- 
tion and partial normalization may represent 
ed fusion between normal conduction and 
citation. Sympathetic stimulation and vagal 
тама! are also factors that may directly alter an- 
de conduction in an accessory connection during 
ise. 12.18-21 
is study we determined the anterograde refrac- 
riod of the accessory connection in sinus rhythm 
t. Tonkin et al?? determined the anterograde ef- 
refractory period at different basic cycle lengths. 
howed a decrease of 10 to 45 ms in the antero- 
e effective refractory period as the basic cycle 
1 decreased. This confirmed the findings of Wel- 
d Durrer?? who demonstrated that the maximal 
ase in the anterograde effective refractory period 
accessory connection with shortening of the basic 
length was 40 ms. However, shortening of this 















ersons with the Wolff-Parkinson- White syndrome 
d a short anterograde effective refractory period of 
accessory connection may be at risk for rapid 
entricular conduction with atrial flutter resulting 
tricular fibrillation.182526 This phenomenon has 
rred in pediatric-age patients with Wolff-Parkin- 
White syndrome. Noninvasive testing has failed to 
tify patients at risk for rapid atrioventricular con- 
ion with atrial flutter.” However, we believe that 
ild with Wolff-Parkinson-White syndrome with 
| normalization of the QRS with exercise who has 
у or no symptoms of tachycardia does not require 
ctrophysiologic study. Persistence of preexcitation 
artial normalization of preexcitation with exercise 
ates with a relatively shorter anterograde effective 
tory period of the accessory pathway, indicating 
need for full evaluation with electrophysiologic 
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The natural history of patients with asymptomatic 
prolonged ventricular pauses and the indications for 


^ permanent pacing are controversial. To examine this 


problem, 6,470 consecutive 24-hour Holter re- 
cordings were reviewed between 1979 and 1983 for 
the presence of ventricular pauses of at least 3 
seconds. Fifty-two patients (0.8% of total), 22 men 
and 30 women, were identified with an average 
longest pause duration of 4.1 seconds. Holter re- 
. cordings were requested to evaluate syncope in 14 
patients (2796), dizziness in 9 (1796) and other 
reasons in 29 (5696). Causes of the pauses were 
sinus arrest in 22 patients, atrial fibrillation with slow 
ventricular response in 18 patients and atrioven- 
tricular block in 12. Holter recordings were also 
evaluated for the presence of tachyarrhythmias. Six 


У patients had nonsustained ventricular tachycardia 


and 7 had supraventricular tachycardia. Five of the 





More than 300,000 people in the U.S. are being treated 
with permanent pacing. The most common indications 
for pacing are sick sinus syndrome and high-grade 
atrioventricular (AV) block. The use of permanent 
pacing has resulted in symptomatic improvement in 
most patients, but has not prolonged life in patients 
with sick sinus syndrome.* In both sick sinus syndrome 
and AV block the severity of underlying heart disease 
or associated diseases may be a more important deter- 
minant of survival than the rhythm disturbance per se. 
Recently, attention has been drawn to a group of pa- 
tients who demonstrate prolonged ventricular pauses 
on long-term electrocardiographic monitoring but are 
mostly asymptomatic.’ The purpose of this study is 
to examine the prevalence, as well as the clinical and 
prognostic significance of ventricular pauses of 3 sec- 
onds or more detected on 24-hour Holter recording. 
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| Student ¢ t test was y used fe as 





_ Significance of Ventricular Pauses of Three Seconds or Mo 
Detected on Twenty-Four-Hour Holter Recordings - 





















52 patients (10% ) had dizziness or syncops 
pauses. Twenty-six patients (50% ) receiv 
manent pacemakers. The paced (26 pati 
unpaced (26 patients) groups were simila 
length and etiology of pause, associated t; 
rhythmias, presence of bradycardia-related 
toms, prevalence of organic heart disease 
cations and length of follow-up. Four patient 
paced group and 2 in the unpaced grou 
yielding 3-year actuarial survival probabilit 
78% and 85%, respectively. It is conclud 
ventricular pauses of 3 seconds or longer a 
common, these pauses usually do not 
symptoms, and the presence of these pauses 
not necessarily portend a poor prognosis or the : 
for pacing in asymptomatic patients. Е 
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Methods 


We retrospectively reviewed 6,470 consecutive 24 
Holter recordings between 1979 and 1983. Fifty-three p: 
(0.8%) had ventricular pauses of 3 seconds or longer 
critically ill patient had a malfunctioning temporary. 
maker at the time of Holter recording. She died: 
thereafter before a decision about permanent pacing со 
made, and thus was excluded from the study. The o 
patients comprise our study group. 

The mechanism and duration of pauses, as well asa 
ated tachyarrhythmias, were determined from Ho 
cordings. Review of the patient diaries allowed evaluat 
a temporal relation of symptoms to arrhythmic events 

Hospital records and Holter recording request fori 
reviewed retrospectively to obtain clinical data applica 
the time of the Holter recording. Variables examined in 
were: indication for Holter recording, use of digitali 
B-blocking drugs, and presence or absence of underlying 
disease or congestive heart failure. 

Patients were grouped according to subsequent 
permanent pacing. The decision to pace or not was m 
the attending physicians in charge of the individ 
Follow-up was obtained from hospital records and te 
calls to private physicians and patients. ы 

Statistical methods: Chi-square analysis or- 





8/18 
73 + 14 (p <0.05) 
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atrioventricular; SD = standard deviation; SVR = slow ven- 
response; SVT = supraventricular tachycardia; VT = ventricular 
rdia. 


:hces between clinical variables in the paced and non- 
roups. The actuarial life table method was used to 
ire survival between the 2 groups. 


Results 


nical findings: Of the 52 patients who had ven- 
ar pauses of 3 seconds or longer, 22 were men and 
re women (Table I). Twenty-seven patients had 
ic heart disease and 3 had congestive heart failure. 
en patients had a history of syncope and 9 a 
y of dizziness. Fifteen patients were taking digi- 
3 were taking 8-blocking drugs, and 7 were taking 
medications. 

enty-six patients received permanent pacemakers 
d group) and the other 26 did not (unpaced group). 
'onstituted 54% of the unpaced group and 31% of 
paced group (difference not significant [NS]). Ages 
d from 18 to 89 years (mean 63 + 18) in the un- 
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12 pts. 
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11 pts. 
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ASX DURING HOLTER 


2 pts. 
HISTORY OF DIZZINESS 


DIZZY DURING HOLTER 
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11 (42%) ofthe _ 
paced patients ( ith congestive _ 
heart failure were in the paced group (NS). Five patients 
in the unpaced group and 9 in the paced group had a 
history of syncope. Four unpaced and 5 paced patients 
had a history of dizziness. Similar numbers of patients 
in each group were taking cardioactive medications at 
the time of Holter recording. In the unpaced group, 6 
patients (23%) were taking digitalis, 1 (4%) was taking 
8-blocking drugs, and 4 (15%) were taking both medi- 
cations. In the paced group, 9 (35%) were taking digi- 
talis, 2 (8%) were taking 6-blocking drugs and 3 (12%) 
were taking both drugs (NS). 

Holter findings: In the 52 patients, pauses were 
caused by sinus arrest in 22 patients (42%), atrial fi- 
brillation with a slow ventricular response in 18 patients 
(35%) and AV block in 12 patients (23%). All but 1 of the 
patients with AV block had a normal QRS duration. 
One patient had both AV block and periods of atrial 
fibrillation with a slow ventricular response. 

Of the 26 patients in the unpaced group, 8 (31%) had 
sinus arrest, 10 (38%) atrial fibrillation with a slow 
ventricular response, and 8 (31%) AV block. Etiologies 
of pauses in the paced group included sinus arrest in 14 
patients (54%), atrial fibrillation with a slow ventricular 
response in 8 (30%), and AV block in 4 (16%), 1 of whom 
also had paroxysmal atrial fibrillation with a slow ven- 
tricular response (NS) (Table I). The average of each 
patient’s longest pause was 3.8 + 0.9 second in the un- 
paced group and 4.3 + 1.6 second in the paced group 
(NS). Thirteen patients in the paced group and 7 (50%) 
in the unpaced group (27%) had ventricular pauses of 
at least 4 seconds (NS). 

Among the patients with AV block in the unpaced 
group, 7 had transient Mobitz type П or high-grade 
(failure of conduction of 2 or more consecutive P waves) 
heart block, 1 had sinus slowing associated with Mobitz 


SVT 


SINUS RHYTHM 
1 pt. 


FIGURE 1. Symptom-arrhythmia cor- 
relation of 26 paced patients. ASX = 
asymptomatic; HX = history; SVT = 
supraventricular tachycardia. 


SINUS RHYTHM 
1 pt. 



















: FIGURE 2. Symptom-arrhythmia cor- 
. relation of 26 unpaced patients. Ab- 
| breviations as in Figure 1. 


UNPACED 
26 pts. 


type I second-degree AV block, and in 1 patient the type 
of block was undefined. In the paced group patients 
with AV block, 3 patients had episodic Mobitz type II 
or high-grade heart block and 1 patient had Mobitz type 
I second-degree AV block with sinus bradycardia. 

Associated tachyarrhythmias were seen in 11 pa- 
tients. Supraventricular tachycardia alone was found 
¿in 1 patient in the unpaced group and 4 patients in the 

^. paced group. Nonsustained ventricular tachycardia 

` alone was seen in 3 patients in the unpaced group and 
1 patient in the paced group. Two patients had both 
nonsustained supraventricular and ventricular tachy- 
cardia, and both were in the paced group. 

Ten patients reported symptoms of dizziness or 
syncope during Holter recording, 3 in the unpaced and 
-= 7 in the paced group. One patient had an episode of 

 syncope, which occurred during a sinus pause. Nine 
patients complained of dizziness during the Holter re- 
. cording. Three were in sinus rhythm, 2 had supraven- 
tricular tachycardia and 4 had bradyarrhythmias. 

Use of pacing: Of the 26 patients in the paced group, 
12 patients had no history of dizziness or syncope, al- 
though 1 complained of dizziness during the Holter 
recording; this episode corresponded to an episode of 
` supraventricular tachycardia. Nine patients had a his- 
tory of syncope. Six of these patients were asymptom- 
atic during the Holter recording, 1 patient had syncope 
and 2 complained of dizziness. The syncopal episode 
and 1 dizzy spell corresponded to ventricular pauses, 
whereas the other complaint of dizziness occurred 
during sinus rhythm. Five patients had a history of 
dizziness. Two of these patients were asymptomatic 
during the Holter recording, the other 3 complained of 
dizziness that corresponded to a bradyarrhythmia, an 
episode of supraventricular tachycardia and sinus 
rhythm in 1 patient each (Fig. 1). 

` Of the 26 patients in the unpaced group, 17 had nei- 
ther a history of syncope or dizziness, nor symptoms 
during the Holter recording. Five patients had a history 
of syncope but were asymptomatic during the Holter 
` recording. Four patients, 1 of whom was asymptomatic 

during the Holter recording, had a history of dizziness; 
the other 3 patients were symptomatic. One patient 
complained of dizziness during the Holter recording but 
sinus rhythm at Бете Two patiente com- 
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ASX DURING HOLTER 
5 pts. 


ASX DURING HOLTER 
1 pt. 


DIZZY DURING HOLTER 
3 pts. 


Follow-up: Follow-up for unpaced patients 

+ 14 months and 12 + 12 months for paced райе 
patient initially in the unpaced group was later 
during the follow-up period. There were 2 deaths 
unpaced group and 4 deaths in the paced gro 
3-year actuarial survival probabilities are : 
the unpaced group and 7896 for paced groi 
(Fig. 3). 
One unpaced patient died from cancer. The« 
patients who died exhibited the following chai 
tics: 4 of the deaths (80%) occurred in patients 
ganic heart disease, whereas in the population as 
59% had organic heart disease. Eighty percen 
patients who died had demonstrated tachyarrh 
on Holter monitoring, whereas only 21% of the 
lation as a whole had such arrhythmias (Tabk 


Discussion 


Sick sinus syndrome constitutes the most com 
indication for permanent pacing. Pacing of o 
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absent. 


iptomatic patients with this disorder usually results 
ssening of symptoms, but has not been demon- 
d to prolong life.?4 High-grade AV block is the 
ond. most common indication for permanent pacing 
:vidence suggests that pacing improves survival. 
widespread use of Holter recording has revealed a 
group of patients with prolonged ventricular pauses 
to these disorders but without coexistent symp- 
‚55 The role of pacing in this group is controver- 








tor et al? studied 53 patients with ventricular 
ses of at least 3 seconds. They found a high pro- 
on of patients who were symptomatic and con- 
2d that pauses of 3 seconds or longer represent а 
inite indication for pacing. 

ore recently, Mazuz and Friedman? reported on 
nts with ventricular pauses of at least 2 seconds. 
‘found a much lower incidence of symptoms and 
ed that the presence of symptoms did not correlate 
the length of the pause. They found no difference 
rvival between the paced and unpaced groups 
follow-up and concluded that pacing of asymp- 
tic patients is unnecessary. 

8 recent review, Alpert and Flaker! made similar 
mendations for patients with sick sinus syndrome. 
jointed out that arrhythmias associated with sick 
yndrome rarely result in sudden cardiac death 
erefore suggested that in asymptomatic cases, 
ig can be safely deferred. Although it has been 
gested that asymptomatic patients with transient 
lock, in the absence of acute myocardial infarction, 
not require pacing,® most investigators do recom- 
pacing in cases of transient Mobitz type II sec- 
egree and high-grade AV block, especially in the 
nce of coexisting bundle branch block.? 

results in patients with ventricular pauses of at 
3 seconds support the findings of Mazuz, in that 
se pauses are rare and usually asymptomatic; only 
ur 52 patients had symptoms during the pause. 
arly, survival did not differ significantly between 
ind unpaced patients in our study. The overall 
of both of our groups was lower than the re- 








Etiology Pause 


atrial fibrillation; AVB = atrioventricular block; CHF = congestive heart failure; F 
is pause; SVR = slow ventricular response; SVT = supraventricular tachycardia; Sx = symptom, VT = ventricular tachycardia; + = present; 


onsistent with other reports of  % 


Sx with сл 
am Md Holter Digoxin Blocker Cancer 


Paced 
+ + AF + SVR 3.4 + + Dizzy + == ~ 
SVT 
Dizziness T == SP 4.8 + = Dizzy + = = 
SP 
= + = SP 5.6 + + = -— = ~ 
Dizziness + = AF + SVR 3.1 + s Dizzy T — _ 
SVT 
Unpaced 
Dizziness = = Type 2 4.6 = s -— -— -— س‎ 
AVB 
= = = AF + SVR 3.2 = x = + + + 


= female; M = maie; ОНО = organic heart disease; SP 


As with other reports, survival in our patients ap- 
peared to be influenced by underlying heart disease. 
Excluding the patient who died from cancer, 80% of the 
deaths occurred in patients with organic heart disease. 
The association of tachyarrhythmias as a possible 
marker for poor prognosis is suggestive. Although only 
21% of all patients demonstrated tachyarrhythmias, this 
group accounted for 80% of deaths. 

The frequent use of cardioactive medications such as 
8-blocking drugs and digitalis in this population may 
have influenced our results. Although these agents may 
cause or exacerbate ventricular pauses they are fre- 
quently necessary to manage other medical problems. 
The true extent of the underlying conduction distur- 
bance and its electrocardiographic manifestations in our 
study cannot be accurately assessed in those patients 
who were receiving the drugs. 

Our study has other limitations. The retrospective, 
nonrandomized nature of the study, as well as the small 
number of patients, precludes drawing definitive con- 
clusions concerning differences between the paced and 
unpaced groups. However, it is apparent that many 
patients with ventricular pauses have a benign course 
and would not have benefited from pacing at the time 
of the index Holter recording. Also, pacing can safely be 
deferred in asymptomatic patients. A prospective, 
controlled study in asymptomatic patients with ven- 
tricular pauses will define the role of pacing in this 
group. 
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The effect of bradycardia on dispersion of ventricular 
refractoriness was evaluated. Refractory periods 
were measured at 3 right ventricular sites in 16 
patients with severe bradycardia (average heart 
` rate 39 + 5 beats/min) and were compared with 

those measured in 11 control subjects, (average 
heart rate 72 + 12 beats/min). Patients with 
bradycardia had significantly longer effective (377 
+ 36 ms) and functional (421 + 39 ms) refractory 
periods (ERP and FRP) than control subjects (ERP 
296 + 25 ms, ЕВР 346 + 18 ms) (p <0.001). 
However, dispersion of refractoriness was similar 
in the 2 groups. Dispersion of ERP was 43 + 38 ms 
and ЕВР was 48 + 35 ms in patients with brady- 
cardia. In control subjects dispersion of ERP was 37 












Patients with severe bradycardia as a result of atrio- 
ventricular (AV) block or sinus node dysfunction are 
frequently symptomatic with dizziness, easy fatigability 
and syncope. In the absence of myocardial infarction the 
prognosis of patients acquiring complete AV block is 
variable. Fifty to 60% of patients who do not undergo 
pacing, die within 1 to 2 years.? Death is found to be 
secondary to ventricular asystole, ventricular tachy- 
cardia or ventricular fibrillation.?:4 The generation of 
lethal ventricular tachyarrhythmias in patients with AV 
block may be linked to severe bradycardia.?-? The site 
of block is frequently infra-Hisian and results in slow 
heart rates (less than 40 beats/min).! Slow heart rates 
prolong both atrial and ventricular refractory periods.^-? 
In the dog, the range of ventricular refractory periods 
is increased at longer basic cycle lengths.5? This non- 
uniform recovery of excitability or dispersion of ven- 
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Effect of Bradycardia on Dispersion 
of Ventricular Refractoriness 


: cg min asa result of Pigh eee: se cond deste 
Luck, MD, Baylor College of Medicine, я | 


+ 12 ms, апа ҒАР was 36 + 20 ms. Pacin 
beats/min significantly decreased ERP an 
both groups. Pacing shortened dispersion sig 
cantly in control subjects. In patients with 
cardia, pacing failed to significantly decrea: 
persion. Compared with control subjects wit! 
heart rates, patients with bradycardia have lo 
absolute refractory periods but do not have sigt 
cantly increased dispersion of refractoriness. 
and double, twice threshold ventricular extras! 
(S2 and 5.) failed to induce ventricular tachy 
in any patient during bradycardia. Bradycardia 
does not appear to be a factor in the induc 
ventricular tachyarrhythmias. 

(Am J Cardiol 1985;55:1009- 1 








tricular refractoriness may be a factor in prod 
ventricular ectopy, tachycardia or fibrillation.9? 

In this study, we evaluated the effect of s 
bradycardia on dispersion of ventricular refacto: 
in humans. We also examined the role of brady 
as a risk for increased susceptibility to ventr 
tachycardia and fibrillation. 


Methods 


Patients: Ventricular refractory periods were meast 
27 patients. Eleven patients (Table I) who underwent car 
catheterization or electrophysiologic testing for unexp 
syncope, dizziness, atypical chest pain or palpitations : 
as control subjects. There were 7 men and 4 women, à 
age 54 + 16 years (mean + standard deviation). All had n 
heart rates, sinus node function and intact AV conducti 
control subject had a history of ventricular tachyc 
Ventricular tachycardia (at least 3 consecutive ventr 
beats) was not present during at least 24 hours of ta 
corded ambulatory monitoring. 

Sixteen patients (Table П), mean age 68 + 17 ye: 3 
persistent bradycardia (ventricular rates les than 
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= anterior myocardial infarction; CAD = coronary artery 
; ECG = electrocardiogram; Dual AVNP = dual atrioventricular 
athways; LAFB = left anterior fascicular block; LVH = left 
ir hypertrophy; Parox A.Fib = paroxysmal atrial fibrillation; 
"| = paroxysmal atrial flutter; RBBB = right bundle branch 
.= regurgitation. 





cope, dizziness or easy fatigability. All patients had 
ry periods measured during placement of a temporary 
atheter or at the time of permanent pacemaker im- 
ation. No patient with bradycardia had ventricular 


. patient h 
© study. 


ad overt 
Patients were excluded if they had an acute myocardial 
infarction, unstable angina pectoris or were receiving antiar- 


Рагох А.Е! rhythmic agents. No patient was receiving digoxin at the time  - 
А Мог dee odie A.Fib of evaluation. 
8 Могта st pain Stimulation and recording techniques: Ventricular 
И ан usd oi stimulation was performed using the 2 distal poles of a 6Fr 
69 Normal Syncope quadripolar pacing catheter with an interelectrode distance 
75 Variable PR Dual AVNP of 1 cm. The ventricular electrograms were recorded from the 
P БЕРЕ x yis о proximal poles of the same pacing catheter. Intracardiac and 
AntMi ` 3 simultaneous surface recordings were made at a paper speed 
48N 71 RBBB Parox А.Е! of 100 mm/s with an Electronics for Medicine VR-12 or VR-16 
30M 81 LVH 3+ aortic reg. oscilloscopic recorder at filter settings of 30 to 500 Hz. 


Programmed, twice threshold, single right ventricular ex- 
trastimuli were used to define the ERP and FRP at 3 different 
right ventricular sites during spontaneous rhythm and at the 
driven rate of 120 beats/min (Fig. 1). The positions chosen 
were those that resulted in stable pacing at pacing thresholds 
between 0.2 and 2.5 mA. Programmed double ventricular 
extrastimuli were applied during both spontaneous rhythm 
and ventricular drive at 1 right ventricular site (generally the 
right ventricular apex). The first extrastimulus (55) was po- 
sitioned at 20 ms above refractoriness and the second (S3) was 
applied in decrements of 10 or 20 ms of coupling until 


























refractoriness. 
Analysis of data: The ventricular ERP was the longest 
interval from the onset of the ventricular electrogram (during 


dia recorded during 6 to 20 hours of tape-recorded 
ng or computer-assisted bedside monitoring. АП 
were in hemodynamically stable condition and no 


TABLE П Clinical Characteristics of Patients with Bradycardia 





Age (yr) Heart Rate 
Pt & Sex (beats/min) ECG Site of Block Underlying Disease 
1 68F 46 3? AV block Below H PCSD 
2 92M 39 3? AV block Above H PCSD 
3 64M 35 2° AV block Below H PCSD 
4 64F 39 3? AV block Below H PCSD 
5 60M 38 2? AV block Below H PCSD 
6 86M 29 3° AV block Below H CAD 
7 B1F 36 3? AV block Above H CAD 
8 96M 44 3? AV block Below H CAD 
9 58M 44 3? AV block Above H DC 
10 68F 40 3? AV block Below H DC 
11 62M 37 3? AV block Below H Hypothyroid 
12 21M 40 2? AV block Above H Myocarditis 
13 65M 34 3? AV block Below H HCVD 
14 61M 43 3° AV block Above H HCVD 
15 70M 45 RBBB;SB SND 
16 79F 40 SB SND 





AV = atrioventricular; CAD = coronary artery disease; DC = dilated cardiomyopathy; Н = His bundle; 
HCVD = hypertensive cardiovascular disease; PCSD = primary conduction system disease; SB = sinus 
bradycardia; SND = sinus node dysfunction. 


TABLE lil Comparison of Ventricular Refractoriness Between Control Subjects and 


Patients with Bradycardia (ms) 
r RE 




















Average Dispersion 
ERP FRP ERP FRP 
uu ir huc df RES a ККМ, ы. 
Spontaneous Rhythm 
Control (n = 11) 296 + 25 346 + 18 37 + 12 36 + 20 
Bradycardia (n = 16) 377 + 36 421 + 39 43 + 38 48 + 35 
p value <0.001 <0.001 NS NS 
Ventricular Drive 
Control (n = 11) 249 + 16 276 + 17 
Bradycardia (п = 16). 277 + 27 3094320. 4 






NS 





y period; ЕВР = functional refractory period; 





























tricular FRP was the shortest раи mal M to Va) 
recorded on the ventricular electrogram. Dispersion of ven- 
tricular refractoriness was calculated from the range of re- 
fractory periods measured in each patient as the difference 
| кта the longest and the shortest refractory periods 
(Fig. 1) 

Vulnerability to ventricular double extrastimuli (85 and 53) 
-was diagnosed when extrastimuli induced 3 or more ventric- 
ular A ei a the 2 lead Уз. бае of refractoriness 








be ا‎ E 








Results 
Ventricular refractoriness ih control patients 
(Table III): The 11 control patients had an average 
heart rate of 72 + 12 beats/min (range 58 to 103). The 
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FIGURE 1. Ventricular effective and functional refractory periods (ERP, FRP) measured from 3 right ventricular (RV) sites during spontaneous 
temi ina аи و ا‎ patient. Dispersion of refractoriness is the longest refractory period minus shortest. рио spontan 
hythn | 0 ms | dispersion of ERP is 15 ms (380 ms inferior to 365.ms apex). ;15.ms (440 т 
| МЇ), dispersion of ERP: is 10 ms and: -dispersion of | 












































ЕЩ... 
їп, ths average ERP significantly shortened to 
‘ms (p <0.001) (Fig. 2). Despite the correction 
rt rate, the average ERP of bradycardic patients 
| longer than the average ERP of control subjects 
- 16 ms (p <0.005) (Fig. 3). Similarly, the average 
as 421 + 39 ms during spontaneous rhythm but 
еа to 309 + 20 ms with ventricular drive (p 
(Table Ш). In bradycardic patients, the average 
as significantly longer than the control FRP 
z: both و‎ rhythm and ventricular drive 


he dispersion of ERP in control subjects of 37 + 
(Fig. 4). Ventricular drive did not significantly 
a dispersion of ERP (40 + 47 ms, range 10 to 210) 
2). With ventricular drive, control subjects had 
ower dispersion of ERP than that of bradycardic 
its (23 + 11 ms to 40 + 47 ms). However, this 
ing was not significant (Fig. 4). Similar results were 
d for dispersion of FRP. Ventricular drive reduced 
ersion of FRP from 48 + 35 ms to 35 + 49 ms (dif- 
ice not significant). There was no significant dif- 
e in dispersion of FRP between control subjects 
15 ms) and bradycardic patients (35 + 49 ms). 





meant S.D. 


p<.00l 





Dispersion of ERP 





40 80 120 
HEART RATE 


e Bradycardia 
о Control 


E 2. Effect of increasing heart rate by ventricular pacing on 
cular effective refractory periods (ERP) and dispersion of ven- 
sfractory periods. The group means of the right ventricular ERP 
own in the upper portion and dispersion of ERP in the lower 
. Pacing significantly shortened ERP in both control subjects and 

with bradycardia (p <0.001). Dispersion of ERP signficantly 
d with pacing in control subjects. However, pacing did not 
ith reduce eee | in the bradycardia group. NS = difference 


80), з 2 о pee 


ith оа drive j at 120 3 ird pe patients б 1, 









: 9,13 und 14) had abtiorinal ME 
dispersion of ERP when compared with the mean value 
for control subjects plus 2 standard deviations (37 + 24 
= 61 ms) (Fig. 5). With ventricular drive, dispersion of 
ERP was normal in all but 2 patients (nos. 6 and 9). 
Dispersion of ERP increased in patient 6 by 50 ms and 
in patient 9 by 80 ms with pacing. The upper limits of 
normal for dispersion of ERP during drive at 120 
beats/min was 45 ms (Fig. 5). Despite correction of heart 
rate by pacing, the bradycardic patients continued to 
have significantly longer average ERP and FRP. Dis- 
persion of ERP and FRP remained longer in the bra- 
dycardic patients despite pacing, but this was not sta- 
tistically significant. 

Ventricular vulnerability to extrastimulation: 
Fifteen bradycardic patients had <1 echo beat after 
double extrastimuli during spontaneous rhythm or 
drive. Patient 4 had the only positive study with 4 re- 
petitive beats only after double ventricular extrastimuli 
during ventricular drive. The longest escape rhythm 
recovery time after ventricular pacing was recorded in 
7 patients. The escape rhythm recovery time ranged 
from 2.1 to 10 seconds. In no patient did long periods of 
asystole promote ventricular ectopy or ventricular 
fibrillation. 

Fourteen of the 16 bradycardic patients received 
permanent ventricular pacemakers. Patient 12, who had 
transient complete heart block secondary to myocarditis 
did not receive a permanent pacemaker. Patient 8 died 
from pneumonia before permanent pacemaker im- 
plantation. Fourteen patients were alive an average of 
17 + 9 months after their evaluations and pacemakers. 





Control ek Control Bradycardia 


Spontaneous Rhythm Ventricular Drive (I20/min) 


FIGURE 3. Group mean effective refractory periods (ERP) during both 
spontaneous rhythm and ventricular drive. The mean ERP for the 11 
control subjects is significantly shorter than that for the 16 patients with 
bradycardia (p <0.001). Heart rate is significantly different between control 
subjects (mean 72 beats/min) and bradycardic patients (mean 39 
beats/min) (p <0.001). Despite pacing to control heart rate, bradycardic 


patients continued to have a ic ERE Pa <0. у. 5.0. = олса = B 


deviation: 













Discussion. 


|.  Bradycardia-dependent ventricular ectopy is well 
. recognized in the setting of complete AV block in hu- 
mans.? In laboratory investigations bradycardia 
prolongs relative refractory periods and increases 
| nonuniformity of refractory periods.9-!? This increase 
in dispersion of refractoriness should facilitate reentry, 
which may be the mechanism for bradycardia-depen- 
` dent tachyarrhythmias.9/!? In the present study, we 

found that severe bradycardia in patients with sinus 

node dysfunction or AV block prolonged ventricular 
refractory periods significantly. However, bradycardia 
did not significantly increase dispersion of ventricular 
refractoriness over control values. Pacing significantly 
reduced dispersion of refractoriness in our control 
subjects. This is consistent with animal studies.9-1? 
Pacing failed to significantly decrease dispersion in our 
bradycardic group. Although not signficant, bradycardic 
patients had longer average dispersion of ERP and FRP 
than control subjects despite pacing. Five patients had 
exceedingly wide dispersion of ERP (Fig. 5) and 11 had 
normal dispersion of refractoriness. Because abnormal 
dispersion of refractoriness was not universally present 
in patients with bradycardia, the abnormalities ob- 
served may simply reflect intrinsic ventricular disease. 
Our bradycardic patients did not have bradycardia- 
dependent ventricular ectopy. Thus, the presence of 
abnormalities of refractoriness does not imply that 
ventricular ectopy will be present. 

Bradycardia may predispose to ventricular tachy- 
cardia and fibrillation.59-19 Patients with complete AV 
block presumably die from these arrhythmias. We used 
double ventricular extrastimuli during severe brady- 
cardia to attempt induction of ventricular tachyar- 
^  rhythmias, but failed to induce any arrhythmia in our 














Control Bradycardia Control Bradycardia 
Spontaneous Rhythm Ventricular Drive (IPO/min) 


FIGURE 4. Mean dispersion of effective refractory periods (ERP) for 
the 2 groups during both spontaneous rhythm and ventricular drive. 
. Despite significant differences in heart rate between control subjects 
. and bradycardic patients (72 vs 39 beats/min, respectively), dispersion 
of ERP is not significantly different (NS). There is no significant differ- 









ê with control of heart rate at 120 beats/ min. 


enough nonuniformi y 








predispose to lethal ventricular | : 
These arrhythmias in TS ранып 
result from a combination of underlying 
disease and hemodynamic decompensation. | 
are consistent with ambulatory monitoring data 
tients with sinus node dysfunction and lon 
Mazuz and Friedman!! did not find that prolon 
noatrial pauses correlated with or predicted 
death. 
The data from our patients on dispersion of / 
ular refractoriness are similar to data reported. 
ers.121? Spielman et al!? reported a mean disp 
ERP of 43 ms (range 35 to 60) from the enc 
surface of the left ventricle. Schechter et al! 
54 + 16 ms (mean + standard error of the me: 
the right ventricular endocardial surface in 12 pa 
In the dog, Han et al? found an average dispel 
ms on the epicardial surface. Dispersion of 
rowed significantly with pacing at faster h 
(range 700 to 300 ms). We compared a simil 
our bradycardic patients (1,500 to 500 ms). © 
bradycardic patients failed to have narrower dis 
with pacing. The failure to reduce dispersion 
toriness with pacing may point to underlying veni 
disease. 
There are several potential problems with our 
First, our measurements were limited only to th 
ventricle. However, we assumed that bradycardi 
both ventricles equally. Second, we measured rt 
periods at only 3 sites, fewer than Spielman et 
Han et al? measured. Further measurements m 
increased the degree of dispersion, but this seem 
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FIGURE 5. The effect of increasing heart rate on dispersion of tt 
fective refractory period (ERP) for each of the 16 bradycardic pat 
During spontaneous rhythm, 4 patients (nos. 1, 9, 13 and 14) ha 
normal dispersion when compared to the mean value for 
subjects plus 2 standard deviations (61 ms, dashed line A). Wi 
tricular pacing, dispersion of ERP was normal in all but 2 patien 
6 and 9). The upper limits of normal for dispersion of ERP du 
тара pacing В Shown at dashed ne (45 ms). 


















ace in dogs. Moore et al!4 observed that 
:uscle cells have a shorter FRP than endo- 
Purkinje system cells in the dog. However, 
ortening of cycle length with a premature beat 
se FRP duration on the 2 surfaces and favor 
ar fibrillation. Divergence exists between re- 
ss of the His-Purkinje system and ventricular 
п humans. Refractoriness of ventricular 
ends to vary directly with faster heart rates, 
His-Purkinje fibers vary inversely.15 Had we 
d the epicardial surface of our patients, we 
ve made different observations and arrived at 
nt conclusions. 
ect of bradycardia on dispersion of ventricular 
iness in humans may be dependent on auto- 
nervation.!® In the canine experiments, the 
anesthetized and the stellate ganglia excised. 
n the denervated human heart, Goodman et 
hd an increase in nonhomogeneous repolari- 
l'hey suggested that an intact autonomic ner- 
item acts to reduce ventricular dispersion of 
riness. 
atient populations were biased. The control 
was not normal. All had undergone electrophys- 
procedures for symptoms, electrocardiographic 
nalities or cardiac catheterization for chest pain. 
зау have been greater differences between a 
rmal population and our bradycardic patients. 
opulation of bradycardic patients studied may not 
sent the typical group with high-grade AV block. 
tients were mildly symptomatic, hemodynami- 
table, and had little or no ventricular ectopy 
severe bradycardia. Our study design probably 
izes ventricular dispersion. To maximize such 
nces would require studying patients who are in 















































sured refractory periods — 
2. Han et al? stimulated the © 
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in 10 untreated hypertensive patients who received 
an initial dose of 3 to 5 mg prazosin, supine blood 
pressure (BP) decreased significantly, from an av- 
= erage of 171 + 24/96 + 10 to 157 + 22/90 + 10 

mm Hg (p <0.025). The Valsalva overshoot, re- 
sponse to cold pressor test and digital vasocon- 
strictor response to a deep breath were not inhibited. 
However, during 55? passive headup tilt there was 
a significant decrease in BP. Seven patients re- 
ceived prazosin for a period of 3 months. After 


.. long-term therapy BP returned to baseline levels and 


a dose of prazosin similar to that given initially 


Orthostatic hypotension characteristically follows the 
first dose of prazosin and may result in dizziness or even 
 syncope.1-? Prazosin is a selective o;-adrenoreceptor 
blocking agent that is believed to reduce blood pressure 
(BP) by decreasing peripheral vascular resistance.‘ 
Unlike earlier known blocking agents of the o, а type 
such as phenoxybenzamine, decrease in BP after pra- 
zosin administration is not associated with tachycardia 
or an increase in plasma catecholamine levels.? Graham 
et alf showed that postural hypotension and faintness 
were related to the first dose of prazosin. The develop- 
ment of resistance to this phenomonon began as early 
as the second day of continued therapy, thus suggesting 
a change in the œ; receptor response. Because of the 
important role of the sympathetic nervous system in the 
regulation of BP, further studies of the adaptation re- 
sponse to prazosin are indicated. The present study was 
designed to assess the effect of prazosin on sympathetic 
vasoconstrictor responses after acute versus long-term 
administration in patients with hypertension. 
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Initial and Long-Term Effects of Prazosin on Sympathe 
Vasopressor Responses in Essential Hypertension 


vus Bud then г retu иш to norm 


produced an average decrease in BP fro 
20/101 + 8 to 167 + 23/99 + 7 mm Hg 
tilting no longer resulted in a decrease in B 

Valsalva overshoot, cold pressor test and dig 
vasoconstrictor responses remained uni 
Orthostatic hypotension after the first dos 
zosin without blockade of the other sympat 
reflex responses suggests that the drug has a 
blocking effect on capacitance vessels 
resistance vessels. Prazosin showed a 
antihypertensive effectiveness during lon 
treatment. (Am J Cardiol 1985;55: 1015 



































Methods 


Studies were performed with the patient lying in the 
position on a motorized tilt table. A Teflon® catheter 
serted into the brachial artery while the patient was 
local anesthesia. Blood pressure was continuously mon 
by connecting the catheter to a Statham P23Db strain. 
pressure transducer. Digital plethysmograms were ob 
by sealing a plastic cup of appropriate size around a fingi 
gauze and silicon grease. The cup was connected withr 
tubing to a Statham PM5 pressure transducer. The follo 
sympathetic pressor responses were recorded before an 
prazosin, 3 to 5 mg orally, was administered. 

Valsalva maneuver: The patient was asked t« 
deeply and then blow forcibly into a tube that was co 
to a P23A Statham pressure transducer. The blowing | 
was maintained at approximately 40 + 5 mm Hg fo 
onds; then the patient was instructed to release Ше] 
suddenly. The highest systolic BP recorded during tt 
10 seconds was taken as the Valsalva overshoot. The 1 
tude of the overshoot was expressed as the percent c 
from the baseline systolic BP recorded during the rest. 
before the Valsalva maneuver. : 

Cold pressor test: The patient immersed 1 hand : 
water containing ice for 1 minute. In addition to the 
terial BP, the digital plethysmogram was also recorde 
tinuously i in the opposite extremity. 

Digital vasoconstrictor. еѕропѕе to г id 
Patients were asked to take a single, deel 
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~ Zosin resulted in a significant decrease (p - 
| ler upright tilting, Aft 






digital plethysmogram. i - 

Orthostatic response: The BP response to passive upright- 
tilting was elicited by using a motorized tilt table with foot- 
board. While the intraarterial BP was being continuously 
recorded the patients were tilted passively in increments of 
10 to 15 up to 55°. If the systolic BP decreased to 100 mm Hg 
or the patient felt faint or dizzy, he was returned to the hori- 
zontal position immediately. 

Ten men with uncomplicated hypertension, average age 51 
years, were recruited into the study; 5 had previously received 
diuretic therapy, but it was discontinued for a period of 4 to 
6 weeks until their BPs increased to pretreatment levels. The 
other 5 patients had never been treated for hypertension. 
Eight of the patients were black and 2 were white. The dia- 
stolic BP before treatment ranged from 92 to 109 mm Hg in 
all patients. 

The first 2 patients received 5 mg of prazosin, which re- 
sulted in marked orthostatic hypotension requiring the 
infusion of normal saline solution. For this reason subsequent 
patients received only 3 mg as the initial dose. After comple- 
tion of the initial dose study the patients received 1 mg of 
prazosin twice daily as outpatients. This dose was titrated over 
a period of 4 to 6 weeks up to the 3- or 5-mg initial dose given 
twice daily and this was continued for 3 more months. Seven 
patients participated in the long-term phase of the study. On 
the morning of the sympathetic vasoconstrictor response 
study, the patients were instructed to omit the morning dose 
of prazosin. After the predose baseline determinations the 
patients were given 3 to 5 mg of prazosin orally and the studies 
were then repeated 2 hours after they received the dose. 

Data are presented as the mean + standard deviation. The 
significances of the differences of the means were tested by 
using a Student t test for paired observations. 


Results 


Blood pressure and heart rate: Before treatment 
with prazosin, BP and heart rate in the supine position 
averaged 171 + 24/96 + 10 mm Hg and 62 + 9 beats/ 
min, respectively, in the 10 patients (Table I). After the 
first dose of prazosin BP decreased significantly, to 157 + 
22/90 + 10 mm Hg (p <0.025). There was a small but sig- 
nificant increase in heart rate. After 3 months of continu- 
ous treatment with prazosin BP had increased to 174 + 
20/101 + 8 mm Hg. The usual dose of the drug was then 
given, and resulted in only a small and insignificant 
decrease in supine BP, to 167 + 22/99 + 7 mm Hg. 

Valsalva overshoot: The Valsalva overshoot re- 
mained unchanged after the initial dose of prazosin 
except in 1 patient, in whom Valsalva overshoot was 
completely blocked after an initial dose of 5 mg. After 
long-term therapy the administration of prazosin did 
not suppress the Valsalva overshoot significantly in any 
patient (Table J). 

Cold pressor test: The cold pressor response was not 
significantly changed after either the initial dose or 
long-term therapy (Fig. 1 and 2, Table I). However, 
there was significant vasoconstriction of the digits in the 
opposite hand. The inhibition of digital vasoconstriction 
was considerably greater after the initial dose (Fig. 1) 
than during long-term treatment (Fig. 2). es 

Upright tilting response: The initial dose of pra- 
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: 5 л 37% diastolic (p <0.025) below the supine level 
. after 55° tilt (Table I). Two of the patients experienced 
severe orthostatic hypotension with syncope requiring 
volume expansion with normal saline solution. One 
occurred at 35° and the other at 55° upright tilt. After 
long-term treatment with the same doses of prazosin, 
head-up tilt to 55° failed to induce a significant decrease 
in BP in any patient (Table I). 

The digital vasoconstrictor response: The digital 
vasoconstrictor response to a deep breath was not sig- 
nificantly changed (Fig. 3) after either short or long- 
term treatment. 





Discussion 


Although supine BP decreased after the initial dose 
of prazosin, the predominant effect was orthostatic 
hypotension. Although the initial dose partially blocked 
digital vasoconstriction in the contralateral hand during 
the cold pressor test, it failed to block the cold pressor 
response or Valsalva overshoot in 9 of the 10 patients 
tested. Digital vasoconstriction after a deep breath also 
was not inhibited. 

How can we reconcile the apparent inconsistency 
between the weak or absent inhibition of the Valsalva 
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FIGURE 1. Blood pressure and digital vasoconstrictor response to cold 





average of 19 4 24% Lvetolic p- «0. 0.01); and : 
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pressor test before and after initial dose of 3 mg of prazosin. Arrows 
dicate period of hand immersion in cold water. Digital vasoconstriction, . 
by dec Sma awe volume, is Sompietely blocked eS 






flexes? The former responses : are cde 
olar constriction, whereas adjustments to 
ture involve constriction of both arterioles 
especially the latter, resulting in peripheral p: 
blood. 

We postulate that prazosin exerts its blockir 
predominantly on the venous side of the cir 
Awan et al’ showed a reduction in venocons 
This would explain the presence of postural 
sion in the absence of inhibition of arteriolar 
tion. Prazosin dilates splanchnic veins,® with ine 
pooling of blood in the splanchnic area, facili 
development of orthostatic hypotension. Also. 
expansion before prazosin administration a 
orthostatic hypotension.? | 

After long-term treatment the antihypertens 
of a given dose of prazosin was considerably 
compared with the same dose given initially. 
of prazosin that initially caused orthostatic hyp 
no longer did so. А similar waning of the effecti 
of prazosin with time has been described by othe 
3 to 6 weeks of treatment. Eklund et al!? fi 
after 1 to 2 months of treatment the cold press 
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`` FIGURE 3. Digital plethysmogram show digital vasoconstrictor response 
` to deep breath showing failure of blockade after acute administration 
` of prazosin. Arrows indicate onset of deep breath. 


- passive tilting responses were unchanged from control. 
` The BP also was no longer reduced after 3 to 6 weeks of 
` treatment. Tolerance to the antihypertensive effect of 
_ prazosin and phenylephrine occurred by the fourth day 
of therapy.'! These observations and the present result 
‘suggest that the degree of a;-adrenoreceptor blockade 
` after the first doses does not persist with continued 
. therapy. 

- — Our results, indicating a predominantly venodilator 
_ effect of the initial dose of prazosin, differ from previous 
- hemodynamic studies that found a decrease in total 
- peripheral resistance. This discrepancy may be due to 
- differing experimental conditions. Lund-Johansen!? 
- reported no change in cardiac output, but he did not 
_ assess the effects of the initial dose. His studies were 
- made 12 months after continuous treatment with a dose 
` of only 1 mg 3 times daily. Because of the long interval, 
_ it is impossible to estimate how much of the antihy- 
-. pertensive effect was due to the drug and how much to 
~ the spontaneous downward drift of BP that occurs over 
- time.!? Further, when Smith et а! measured systemic 
- hemodynamic values in 4 patients, they found no 
. change or an increase in cardiac output. However, they 
administered the drug intravenously, 0.8 to 1.0 mg, to 


E. who had been previously titrated with intra- 


e 
E 
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- venous doses of the drug. Therefore, this was not the 

_ initial dose and the dosage and route of administration 

. were quite different from ours. 

— A Radioligand binding techniques have contributed to 
а better understanding of a adrenoreceptors and may 

. explain the development of resistance to the antihy- 

. pertensive effects of prazosin. Prazosin is a selective 


. @,-adrenoreceptor blocker and does not interfere with 
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` the function of a:-adrenoreceptors.!® There is a large 


population of inactive a; receptors in nonvascular 
tissues!6 that become activated after o';-adrenoreceptor 
blockade. Because this increases the binding sites for 
prazosin in nonvascular tissues, this competition could 
dilute the vascular adrenergic blockade and the re- 
sulting antihypertensive responses. This also may ex- 
plain why о-гесеріог blockade to phenylephrine 
stimulation is diminished with long-term administra- 
tion of prazosin!? and why the initial significant postural 
hypotensive effect of prazosin is attenuated with time. 
Finally prazosin!? and other vasodilators!? increase the 
sensitivity of the baroreceptors and thus partially offset 
the initial hypotensive response. 

In summary, the present data suggest that orthostatic 
hypotension from the first dose of prazosin is probably 
secondary to a greater blocking effect on capacitance 
vessels than on resistance vessels. This may also explain 
prazosin's lack of effectiveness in blocking reflex sym- 
pathetic responses that primarily involve the resistance 
vessels. Although the cause of the tolerance remains 
unknown, it may have several mechanisms, including 
activation of numerous extravascular o receptors. 
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Моге than half of patients with essential hyperten- 
sion have sleep apnea. The incidence of unrecog- 
nized sleep apnea in patients with essential hyper- 
tension was assessed. Twenty-three patients taking 
antihypertensive medication were selected at ran- 
dom from a hypertension clinic. They were evalu- 
ated by questionnaire for symptoms of sleep apnea, 
and during 3 hours of sleep, measurements were 
made of respiratory patterns using an impedance 
pneumograph, arterial О, saturation with an ear 
oximeter and air flow at the mouth or nose with a 
face mask pneumotacograph. Abnormal sleep ap- 





Essential hypertension affects 20% of the adult popu- 
lation! and, in most instances, its cause is obscure. 
Among mechanisms known to produce systemic hy- 
pertension is excessive adrenergic discharge, as occurs 
with pheochromocytoma. It has also been recognized 
for years that many patients with essential hypertension 
have increased urinary excretion of catecholamines, 
which has led to the concept of a neurogenic basis for the 
. disease.” 

Sleep apnea has been recognized with increasing 
frequency over the past 10 years. The repetitive alveolar 
hypoventilation seen in this disorder is associated with 
frequent arousals and reflex adrenergic discharge with 
attendant pulmonary and systemic arterial hyperten- 
sion.? Intravascular monitoring has shown that blood 
pressure in both circuits may increase during apneic 
episodes, especially if obstructive, and more important, 
that these pressures do not return to normal between 
apneas.? In 1 study of 12 subjects with sleep apnea, 9 
subjects with hypertension showed a correlation be- 
tween systemic blood pressure (BP) and duration of 
apnea.* When the apneas closely followed one another, 
the effect on BP was cumulative and persistent hyper- 
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пеа$ (average 20 seconds) lasting for an 
of 19% sleep time were found in 11 patients 
Significant arterial О; desaturation, defin 
decrease of at least 4% and to «90 90, м 
served in 7 of these 11 (3096), with an 
saturation of 87% at the end of the apneic е 
Thus, almost one-third of patients randomly ‹ 
had significant arterial O, desaturation durit 
because of sleep apnea, and it is sugges! 
sleep apnea may play a part in the develop 
essential hypertension. : 

(Am J Cardiol 1985;55: 1019- 





tension resulted. More than half of patients w 
documented and symptomatic sleep apnea synd 
(SAS) have systemic arterial hypertension, w 
importantly, may be relieved with effective tre: 
of the sleep apnea.’ SAS may go unrecognized foi 
evaluation may be precipitated by the developme 
a recognizable clinical disorder or syndrome s 
those described by the literary eponyms Pickw 
or Dormouse.? With this in mind, we studied how 
patients with essential hypertension may haveu 
ognized sleep-induced apnea and whether SAS m 
an important cause of this disease. 


Methods 


Twenty-three men were selected at random from tt 
pertension clinic at Wadsworth Veterans Administi 
Medical Center. All were receiving a thiazide for wel 
mented, established essential hypertension. In additi 
were receiving clonidine, 9 propranolol, 3 methyldopa 
hydralazine. The patients were evaluated by questionnair 
symptoms usually associated with SAS. They were as} 
report to the laboratory at 8:00 AM on the day of the stud 
to remain awake for as much of the previous night as pos 
Routine lung function tests were performed using an 
mated pulmonary function laboratory. A daytime stu 
least 3 hours was performed with monitoring of the foll. 
(Fig. 1): (1) airflow at the mouth and nose as deter: 
changes in respiratory gas concentration using | a Be 
oxygen analyzer via a loose-fitting Bennet fa 
апа abdominal! wall movement by impe 










| Subjects 
(n = 23) (n = 8) 
Mean + SD Mean X SD p Value 










55 + 9 54 + 10 М5 
182 + 48 186 + 53 NS 
69 +3 7044 NS 
26+6 27 + 6 

72+ 17 66 + 15 














































: forced expiratory volume at 1 second; FVC = forced vital 
‘NS = not significant; SD = standard deviation. 


ximeter (Hewlett-Packard 47201 A). All signals were 
d on a 4-channel direct-writing recorder. 

it normotensive patients admitted to the surgical ser- 
ere studied in a similar way and served as control 
ts. These patients were chosen to fall within the 
range for age and weight. They were all ambulatory 
cheduled for elective surgery (ophthalomologic or 











Definitions 


defined apnea as the cessation of airflow at the 
1 and nose for more than 10 seconds. If it was 
it with continued thoraco-abdominal movements, 
efined the apnea as obstructive; if there were no 
aco-abdominal movements, it was nonobstructive. 
efined SAS as the occurrence of 30 or more such 
(ias in a 7-hour sleep period (ог 5 or more per hour). 
rial oxygen desaturation was defined as a fall from 
ne of at least 4% and to «9095. (Hyponea, which 
aturation occurring simultaneously with decreased 
w and chest wall movement, was not included in 
ialysis.) 





Results 


e anthropomorphic characteristics of the hyper- 
and normotensive subjects are shown in Table 
groups were similar. The hypertensive subjects 
40 to 79 years of age and weighed 130 to 282 
is. As an index of obesity, the body mass index was 
ated from weight/height. The upper limit of 
al, approximating 120% ideal body weight, is 27. 
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IGURE 1. Respiration during sleep as recorded in a patient with ob- 
4 s iO apnea. АГ flow at ns mouth and nose is detected by 


_ of abnormality exhibited by the affected hyperten 
ore subjects i is ther fore 


Hypertensive Subjects | Control Subjects 





Mean i SD n Mean t SD п 
SAS 11 23 1 8 
SAS -F DESAT 7 11 0 8 
Apneas/hr 37 + 27 11 4 1 
Duration (% sleep) 20 + 17 11 2 1 
% SAT at end 90 + 4 11 94 1 


of apnea 


DESAT = arterial desaturation; SAS = sleep apnea syndrome; SAT 
= saturation; SD = standard deviation. 





The mean body mass index was normal in both groups, 
but half of the patients in each group were obese (12 of 
the hypertensive patients, 4 of the control subjects). 
Spirometry was similar in both groups. 

The prevalence of sleep apnea in the hypertensive 
and normotensive subjects is shown in Table II. Of the 
23 hypertensive patients, 11 had SAS. Seven of the 11 
had arterial oxygen desaturation. There was a mean of 
37 apneas/hour, accounting for 20% of sleep time (which 
equals apnea index), with a range of 6 to 55%, and a 
mean end-apnea saturation of 90% (range 82 to 95%). 

The apneas were obstructive in 8 of the 11. Only 1 
normotensive subject exhibited SAS, with an apnea 
index of less than 3% of sleep. Arterial О» saturation was 
maintained in this subject. 

The hypertensive patients with SAS were signifi- 
cantly more obese than those without SAS (Table IIT). 
The spirometry reflected this. Almost 66% of those with 
SAS had significant arterial О» desaturation, from 
(mean) 98% to 87% (82 to 88%, Table IV), although the 
apnea index was not different in the 2 subgroups. 

Evaluation of symptoms of sleep apneas among hy- 
pertensive subjects revealed a lack of specificity, with 
no difference among the 3 groups (hypertensive subjects 
+ SAS, and controls) in snoring, daytime somnolence 
or disturbed sleep. Similarly, no correlation was found 
between the dose or type of antihypertensive medica- 
tion and the occurrence of SAS or desaturation. 


Discussion 


In our unselected hypertensive patients, we found 
that almost half had SAS. Of these, almost two-thirds 
(one-third of the whole group) had associated arterial 
oxygen desaturation. In this study, the presence or 
absence of SAS was based on the strict criteria of 
Guilleminault and Dement, who found in 20 normal 
persons, aged 40 to 60 years, a maximum of 4 apneas/ 
hour or less than 30/night. In another report of sleep 
studies in 30 men, aged 24 to 62 years and weighing 120 
to 218 pounds,!? 12 (or 40%) had some obstructive sleep 
apnea, but it amounted to an average of only 4 epi- 
sodes/night. The presence or absence of hypertension 
was not noted. These reports indicate that episodes of 
sleep-induced apnea, and especially of SAS, are rela- 
tively uncommon, a fact further supported by the re- 
sults in our normotensive control subjects. The degree : 











ou Sleep pod 
No SAS 





SAS 





(n — 12) (n = 11) 
Mean + SD Mean + SD p Value 
Age (years) 60 + 10 64 + 10 NS 
Weight (pounds) 174 + 30 197 + 45 NS 
Height (inches) 7043 68 + 3 NS 
Body mass index 2523 30 +6 <0.02 
% FEV-1/FVC 55 + 2 76 i5 «0.001 


Abbreviations as in Tables | and II. 


The absence of electroencephalographic recordings 
has not allowed us to characterize sleep. Ав pointed out 
by Phillipson,!! nonobstructive apneas can occur in the 
early phases of non-rapid eye movement sleep, but 
would not usually amount to more than 4/hour as pre- 
viously discussed. In this study, the 3 hypertensive 
subjects with nonobstructive SAS had abnormal apnea 
indexes (32, 14 and 39%, respectively). Obstructive 
apneas are, however, always pathologic and sleep- 
staging is unnecessary in the presence of this form 
of SAS. 
Although the 2 groups were similar in the anthropo- 
morphic characteristics, the normotensive control 
subjects differed in that they were hospitalized. The 
“nap” studies performed on the hypertensive subjects 
were uncontrolled for the use of alcohol or other exo- 
geneous substances. Alcohol can depress respiratory 
muscle tone, leading to an increased incidence of SAS.!? 
Although no toxic screen was performed, we were alert 
to this possibility and no instance of intoxication was 
encountered. 
The influence of weight is critical. Nocturnal oxygen 
desaturation during episodes of apnea or hypopnea is 
correlated positively with increasing weight,!? but it is 
well accepted that SAS may be present in the absence 
of obesity. Indeed, more than two-thirds of patients are 
not overweight. Similarly, systemic hypertension is 
found in nonobese persons. Nevertheless, the associa- 
tion of both SAS and hypertension with obesity is well 
established and weight reduction is recommended in 
both conditions. In this study, the hypertensive SAS 
group was significantly heavier than the hypertensive 
subjects without SAS; 8 of the 11 in the former group 
had an abnormal body mass index. Two possible in- 
terrelations can be suggested. In one, obesity may give 
rise to both hypertension and SAS independently. In 
the other, obesity may lead to SAS and then to hyper- 
tension. The latter is supported by the relief of hyper- 
tension seen after tracheostomy in patients with ob- 
structive apnea.” It is also possible that in persons who 
are obese and have SAS and hypertension, weight loss 
leads to relief of hypertension by first relieving SAS. A 
recent review of the mechanisms of hypertension asso- 
ciated with obesity concluded that the cause was un- 
 Кпожп.!* Sleep-induced apneas were not mentioned. 

Even in the minimally obese, weight loss is associated 
with reductions i іп BP, a fact that has defied adequate 
ti LA thin layer of fat distributed throughout 
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Desaturaton No Desatur 
{п = 7) 
Mean + SD 













Awake SAT AN 
Apneas/hr 35 + 31 41i 19 
Duration (96 sleep) 19 i 19 20 i 10 
% SAT at end of apnea 87 + 2 94 + 1 
Body mass index 29 + 5 3047 







































NS = not significant; SAT = saturation. 


the airway dimension could be critically altered, 
to obstructive sleep apneas. Such a notion is al 
ported by the finding that arterial hypertension 
common among snorers than among nonsno 
condition recognized as a prodroma of obstruct 
apnea." | 
À recent pathologic finding in patients wit 
tension lends further support to this hypothe: 
autopsy study of patients known to have syster 
pertension, the carotid sinus was found to be 
plastic.!? Although it is not possible to regard : 
body hyperplasia as a reliable marker of chronic а 
hypoventilation, in the same way that muscul: 
the pulmonary vasculative is of pulmonary hyp 
sion, it has been found in many situations of c 
hypoxia, e.g., in high-altitude residents and 
bloaters. The precise relation between prolifera 
sustentacular cells, chronic hypoxemia and sys 
hypertension is still not clear, but the hypothes 
dressed herein is made all the more appealing. 
The influence of antihypertensive medicat 
respiration in sleep has not been addressed in t] 
other studies. Propranolol has a neuropsychiatri 
neuropharmacologic effect, as evidenced by th 
quently reported nightmares that patients hi 
Similarly, other central-acting drugs, such as clonit 
and methyldopa, may have such an effect on slee 
relation was noted, however, between the medic 
used and the occurrence of SAS in these 23 patients 
it is likely that extensive use of all these agents. 
many years would have led to the observation. - 
The proposed mechanism for the developmen 
systemic hypertension in patients with SAS is tha 
repeated sympathomimetic discharge in concert : 
arousals associated with desaturation.? In this sti 
desaturation occurred in 7 subjects. Saturations in 
group were between 82 and 88%. At these levels, Р‹ 
low enough to induce arousal. In the 4 without des: 
ration, the arterial О» saturation decreased from ‘ 
to between 92 and 95%. This may have been associa 
with sufficient hypercarbia to produce the s: 
arousal. | 
When compared with persons who present with 
of the characteristic SAS-associated signs or sympto 
such as disabling daytime somnolence or cor pulmo! 
and polycythemia, the severity of the SAS here is 
The patients studied were apneic for an average 
of sleep; in contrast, persons with Dormouse 
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Systemic and regional hemodynamics and cardiac 
structural changes were studied in 12 patients with 
mild to moderately severe essential hypertension 

= before and then 90 minutes and 12 weeks after 

.. administration of captopril. Mean arterial pressure 

- was reduced from 111 mm Hg to 96 mm Hg (p 

<0.001), and this was mediated through a fall in 

total peripheral resistance from 26 + 2 units to 23 

+ 2 units (p <0.01). The decreased total peripheral 

resistance was distributed to all circulations studied: 





The elevated total peripheral resistance that hemody- 
namically characterizes established essential hyper- 


regional circulations at any or all stages of the disease.! 


not always be evenly distributed throughout all vascu- 
latures.?-4 Angiotensin П, a potent arteriolar constrictor, 
may participate importantly in certain forms of hy- 
pertension; this suggests the therapeutic value of an- 
giotensin converting enzyme inhibitors. Previous 
experimental studies have shown that captopril reduces 
arterial pressure through a uniformly reduced vascular 
resistance in the organ circulations.” However, selec- 





tive increases in blood flow to brain, kidney and liver 


` have been reported in rats? and to brain, heart, adrenals 
: and kidney in normotensive dogs with sodium-depleted 
diets.? This study determines the immediate and more 
prolonged systemic and regional hemodynamic effects 
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tension is usually uniformly distributed throughout all 


By the same token, the reduced vascular resistance 
produced by vasodilating antihypertensive agents may 
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kidney, skeletal muscle, skin and the sp 
Organs. Furthermore, left ventricular (L 
index diminished without altering myocardi 
tractility at rest. Thus, captopril lowered 
pressure through systemic arteriolar dilat 
patients with mild to moderately severe essent 
hypertension and also reduced LV mass. 
patients without evidence of LV hypertropt | 
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of captropril in patients with uncomplicated е es 
hypertension. | 


Methods 


Patients: Twelve white patients (7 men, 5 wome 
mild to moderately severe essential hypertension w 
subjects of this study. Their average age was 51 years 
26 to 68). Detailed clinical evaluation failed to reveal 
ondary cause for their hypertension or any other conc 
disorders.!? No patient had electrocardiographic evid 
left ventricular (LV) hypertrophy!! and only 1 pat 
vealed LV hypertrophy by echocardiographic criter 
terior wall thickness 211 mm). 

Study design: The patients were included in the st 
they had a supine diastolic pressure (phase V) cons 
greater than 90 mm Hg but not as high as 120 mm H 
of the 12 patients had failed to achieve supine diastol 
pressure (BP) less than 90 mm Hg after at least 2w 
diuretic therapy (hydrochlorothiazide, 25 mg twice 
Pretreatment clinical evaluation included an electroc 
gram, chest x-ray, blood chemistries and 24-hour crea 
clearance test. In addition, baseline BP, heart rate: 
gional hemodynamic values were determined and an ! 
echocardiogram was recorded. Each patient received a 
dose of 25 mg of captopril, and 90 minutes later the 1 
hemodynamic and echocardiographic studies were re 
Thereafter, captopril was prescribed in a dose of 25 
daily; the diuretic therapy was. conta in 1 the 8] 8 
after 2 weeks, supine diastolic B. : ! 











апа нео! 
c ror of the Mean) 





Systemic . 

Mean arterial pressure (mm Hg) 
Heart rate (beats/min) 

Cardiac output (liter/min) 

Total peripheral resistance (units) 
Plasma volume (ml/cm) 


Renal 
Blood flow (mi/min) 
Vascular resistance (units) 
Glomerular filtration rate (ml) 
Filtration fraction (%) 


Splanchnic 
Blood flow (mi/min) 
Vascular resistance (units) 


Skeletal Muscle | 
Blood flow (ml/ 100 ml/min) 
Vascular resistance (units) 


Skin 
Blood flow (mi/ 100 ml/min) 
Vascular resistance (units) 


ey did not respond to 25 mg twice daily, captopril was 
eased every 2 weeks by 25 mg twice daily to a maximal 
e of 75 mg twice daily. Each patient remained on 
medication schedule for 12 weeks; then, all laboratory, 
al hemodynamic and echocardiographic studies were 


ocardiogram: The M-mode echocardiogram was re- 
d in all 12 patients. However, the data of only 10 patients 
garded as being technically good enough to permit 
is and inclusion into this study. The technique for vi- 
zation of the left ventricle has been reported previously.!! 
osterior wall thickness, ventricular septal wall thickness, 
olic and diastolic dimensions and heart rate were mea- 
rom these data, fractional fiber shortening, velocity 
nferential fiber shortening, cardiac output, LV vol- 
d LV mass indexes were derived. The method of re- 
ng the echocardiogram was standardized and subse- 
ly each tracing was coded and read in a “blinded” 
er by at least 2 investigators. 

gional hemodynamic assessments: Arterial BP was 
ired with a standard mercury sphygmomanometer and 
essed as the average of 3 readings obtained after at 
inutes of rest in the supine position. Mean arterial 
alculated from the sum of the diastolic BP and one- 
he pulse pressure. Heart rate also was expressed as 
age of 3 readings, obtained in the supine position 
iately before each BP measurement. 

plasma flow was determined by the plasma clearance 
gle intravenous injection of !?!jodinated-para- 
ppurate (1?! PAH),!? and renal blood flow was cal- 
а from the individually measured hematocrit of each 
it. Splanchnic blood flow was estimated from the dis- 
ance of intravenously injected indocyanine green 
ese methods have been validated in our laboratory.*!? 
earin blood flow was determined using the Whitney 
y-in-rubber plethysmographic method at 50 cm НО 
ding pressure.!? For these measurements, the patients 
ned in the supine position and room temperature was 
ned at 25 to 27°С. Forearm flow was determined with 
гүне! ane supported appr ae 10 cm above 
is ] both while includi 
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111 1 98 + 2! 96 + 2t 
74+ 2 66 + 31 7442 
4.36 + 0.3 4.41 + 0.4 4.38 + 0.4 
26 + 2 23 + 2° 23 + 2* 
18.3 + 0.8 17.8 € 0.6 17.2 + 0.9 
733 + 65 749 + 50 764 + 60 
17 + 2 13 4 1* 13 + 1* 
10249 1114 10 
13 + 1 14 + 1 
867 + 106 823 + 85 787 + 49 
14 + 2 12+ 1 13 + 1 
3.53 + 0.4 5.11+0.9* 5.25 + 0.9* 
3644 23 + 41 24 + 41 
177 0.2 2.08 + 0.2 2.01 ± 0.2 
74+ 10 58 + 10* 49 + 6* 


* p <0.01 versus baseline; ї p «0.001 versus baseline. 


total flow to hand and forearm minus forearm flow only (that 
is, hand flow) represented, for the most part, skin blood flow. 
Each forearm and hand flow determination actually repre- 
sented the average of at least 5 successive cuff inflations. 

Renal, splanchnic, skeletal muscular and cutaneous vascular 
resistances were calculated by dividing the mean arterial 
pressure by the respective blood flow measurements. Total 
peripheral resistance (TPR) was also estimated by dividing 
the mean arterial pressure by the echocardiographically de- 
rived cardiac output.!! 

Plasma volume was determined from the decline in plasma -> 
radioactivity 15 and 30 minutes after injecting iodine-125 > 
human serum albumin.!? a 

Statistics: Statistical comparisons of measurements ob- © 
tained before, 90 minutes after the first dose and then after ` 
12 weeks of captopril therapy were made using a 1-way anal- . 
ysis of variance with repeated measurements.!? 


Results 


Systemic hemodynamics: All 12 patients completed + 
the trial and demonstrated satisfactory control and 
reduction of systolic, diastolic and mean arterial BP . 
with captopril, whether or not they had received hy- 
drochlorothiazide (Table I). The doses of captopril re- : 
quired were 25, 50 and 75 mg twice daily in 3, 3 and 6 
patients, respectively. This pressure decrease was as- 
sociated with a decreased TPR and an unchanged car- 
diac output. Heart rate was decreased 90 minutes after 
the first dose of captopril, returning to pretreatment 
levels after 12 weeks of therapy (Table I). Plasma vol- 
ume did not change throughout the 12-week period. The 
LV mass was decreased in each of the 10 patients in 
whom it was measured accurately (Table II). This di- 
minished LV mass resulted from a reduction in wall 
thickness. The electrocardiographic voltages (Table IT) 
also showed a significant reduction regardless of the. 
combination of precordial leads used for the measure- 
ments. ‘There were no alterations in the indexes of LV 
InncHon-- | 
| , Regional 
























hich: was used as an expression of glomerular filtration 
fraction. Moreover, splanchnic blood flow remained 
unchanged at 90 minutes but decreased somewhat at 12 
- weeks. Consequently, after angiotensin converting en- 

zyme blockade, both renal and splanchnic resistances 
decreased, but only the decrease in renal vascular re- 
sistance achieved statistical significance (Table 1). 
Skeletal muscular flow increased whereas blood 

flow remained unchanged; as a result, the vascular 
resistances of these 2 circulations also decreased 


(Table 1). 





Discussion 


This study demonstrates that in patients with mild 
to moderately severe essential hypertension, captopril 
was an effective long-term antihypertensive agent. It 
reduced BP through a decrease in total peripheral re- 
sistance that was distributed to renal, splanchnic and 
forearm circulations. The drug was well tolerated, and 
except for the development of dysgeusia in 1 patient, no 
adverse effects were encountered. 

Reduced TPR has been reported to be the basic sys- 
temic hemodynamic mechanism of the antihypertensive 
action of captopril.9.14-16 Thus, our findings confirm 
previous reports of the hemodynamic effects of capto- 

. pril and demonstrate further that this decreased sys- 
temic vascular resistance was distributed throughout 
each of the organ or regional circulations studied. Thus, 
arteriolar dilation was observed not only in kidney but 
also in skeletal muscle, skin and splanchnic organs. 
These results in man are consistent with earlier studies 
in animals with experimental hypertension that contend 
that captopril produces generalized vasodilation in the 
spontaneously hypertensive rat?? and in the sodium- 
depleted normotensive dog.? However, the present 
study also demonstrates increased blood flow to skeletal 
muscle and a small increase to the kidney. 

Cardiac output remained unchanged and heart rate 
decreased immediately (within 90 minutes), returning 
to pretreatment levels with prolonged treatment. The 

_ failure of output to increase despite the decrease in BP 

. and TPR suggests some interaction with autonomically 

. mediated cardiovascular reflex adjustments. This ob- 
servation was previously reported with angiotensin 
converting enzyme inhibitors?!" and angiotensin an- 
tagonists.!*1!? It may be related to an indirect inhibition 
of adrenergic outflow to the heart and organ circulations 

аз a result of less generated angiotensin II made avail- 
able for central or peripheral neuronal interaction. !?.?9 
This does not mitigate the concept that captopril most 
likely produces its peripheral arteriolar dilation from 
its action to inhibit generation of angiotensin II, because 
this agent does not appear to possess properties of di- 
rect vascular smooth muscle relaxation or adrenergic 
inhibition.?! 

. The increase in renal blood flow, although not sig- 

nificant, was associated with a significant decrease in 
renal vascular resistance. ins has been observed with 
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the Mean) 
















Echocardiogram 







Systolic dimension (cm) 3.08 + 0.1 
Diastolic dimension (cm) 4.72 X 0.1 
Posterior wall thickness (mm) 10.1 10.1 
Septal wall thickness (mm) TL135E 0.1 
Left ventricular mass index (g/m?) 101 x 10 
Velocity of circumferential fiber 1.15 + 0.1 
shortening (circ/s) 
Ejection fraction (96) 65 T2 
Electrocardiogram 

SV; + RVs (mm) 22+2 19 
Deepest S + tallest R in precordial 2742 


leads (mm) 
* p <0.01; їр «0.02. 





































tensin П has been shown to be of particular im 
in the renal vasculature.?? In this respect, d 
formation of angiotensin II by the angiotens: 
verting enzyme should lead to intrarenal vaso 
and possible other secondary effects of angiot 
hibition locally within the kidney: increas 
glandin?* and kinin concentrations.?? Blood 
increased and vascular resistance decreased to 
muscle, and previous studies have also shown d 
forearm vascular resistance in patients with 
failure? and with severe hypertension. ` 

The LV mass was reduced in all patients studi 
this was associated with normal resting con 
function of the ventricular myocardium. This redi 
in cardiac mass was related to decreased wall thic] 
supporting our earlier findings in patients treated ` 
enalapril!’ for a similar 12-week duration and in 
perimental observations demonstrating prevention і 
regression of LV hypertrophy i in the spontaneo 
hypertensive гаї.28 However, in this report we al 
showed that ventricular mass was reduced by capto 
even in patients without echocardiographic or elec 
cardiographic criteria of LV hypertrophy. The si 
cant decrease in electrocardiographic voltages i: 
sistent with these echocardiographic findings, ; 
these voltage changes could also be крш 
basis of the reduced arterial pressure.?? 

The mechanism for this decreased LV mass 
speculative. It could result from decreased ve 
afterload, which is an important factor in the. 
ment and progression of LV hypertrophy.!! I 
this finding has not been observed with othe: 
pertensive agents that have similar or more pro 
salutary hemodynamic effects.?? In addition, it 
related to inhibition of angiotensin II production 
is known to increase myocardial protein synthe: 
to a decrease in angiotensin-mediated adrener] 
flow. Decreased cardiac adrenergic input is a í 
teristic of several agents that regress hypertroph 
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| TABLETS 


80 mg and 120 mg 


verapamil HCI 


an plus nitrates: 
ique hemodynamic benefits 


reased myocardial oxygen supply— 
prevents vasoconstriction both in large 


a reduction in peripheral vascular 
"resistance (afterload) 


-a decrease in venous return (preloa 
а modest decrease in contractility 


akes sense to treat those patients [wi 
onic stable angina]... [with] an agent 
has a beneficial effect on both oxygen 

and and supply, rather than a beta 


plus nitrates: 
acy for all types 
eina 


Uu 


acious in patients with variant angina, angina 








Dose= 360 
me day 


n= 28 


Р- 0.01 Dose = 360 
me day 


L n=22 прадау 
— 0.01 


A 


Calan safety: 


Dose = 480 


Dose THU 
me day 


п 28 


P- 0.001 


/ 





Favorable side-effects profile 





(verapamil HCI) 


References: 





alan 72:5, 





© clinically significant improve- N 
ment in exercise tolerance jd 





© clinically significant reduc- 
tion in the number of attacks 
and the need for sublingual 
nitroglycerin 





2. 





With Calan, side effects such 
as fatigue, mental depression, 
impotence or bradycardia (heart — 
rate less than 50 beats/min) ~ 
seldom occur. À 





In one study involving 63 P 
patients “verapamil therapy was _ 
not discontinued in any patient 
because of the development of 


adverse reactions.’ 
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| dk sick sinus рее (if no 
present), 2nd- or 3rd-degree AV block. - 






























































oduce UE usually asymptomat- 
mild, and controlled by decrease in Calan 
s of liver enzymes have been reported. 
been demonstrated to be produced by 
odic monitoring of liver function in pa- 
apamil is prudent. Patients with atrial flut- 
ion and an accessory AV pathway (eg, WPW 
yndromes) may develop a very rapid ventricular 
е after receiving verapamil (or digitalis}. Treat- 
lly D.C.-cardioversion. AV block may occur 
ree, 0.8%). Development of marked 1st-degree 
“progression to 2nd- or 3rd-degree block re- 
duction in dosage or, rarely, discontinuation and 
appropriate therapy. Sinus bradycardia, 2nd- 
V block, sinus arrest, pulmonary edema and/or 
ension were seen in some critically ill pa- 
ith hypertrophic cardiomyopathy who were 
h verapamil. 
: Verapamil should be given cautiously to 
impaired hepatic function (in severe dys- 
about 30% of the normal dose) or impaired 
апа patients should be monitored for ab- 
ngation of the PR interval or other signs of 
Studies іп a small number of patients sug- 
'oncomitant use of Calan and beta-blockers 
beneficial in patients with chronic stable angina. 
therapy can also have adverse effects on car- 
¥. Therefore, until further studies are com- 
тарат should be used alone if possible. If 
tapy is used, patients should be monitored 
mbined therapy with verapamil and propran- 
uld usually be avoided in patients with AV con- 
bnormalities and/or depressed left ventricular 
of in patients who have also recently received 
ура. Chronic verapamil treatment increases se- 
oxin levels by 50% to 70% during the first week 
apy, which can result in digitalis и The di- 
:е should be reduced when verapamil is given, 
tient carefully monitored. Verapamil may have 
в hypotensive effect in patients receiving blood- 
ering agents. Disopyramide should not be 
8 hours before or 24 hours after verapamil 
1. Until further data are obtained, com- 
'apamil and quinidine therapy in patients with 
hic cardiomyopathy should probably be avoid- 
nificant hypotension may result. Adequate 
inogenicity studies have not been performed. 
tats did not suggest a tumorigenic poten- 
pamil was not mutagenic in the Ames test. 
Category C. There are no adequate and weil- 
es in pregnant women. This drug should 
regnancy, labor, and delivery only if clearly 
$ not known whether verapamil is excreted in 
herefore, nursing should be discontinued 
mil use. 
actions: Hypotension (2.9%), peripheral 
:296), AV block: 3rd-degree (0.8%), bradycar- 
50 /min (11%), CHF or pulmonary edema (0.9%), 
(3.6%), headache (1.8%), fatigue (1.196), con- 
{6.3%}, nausea (1.696); elevations of liver en- 
have been reported (see Warnings). The follow- 
sions, reported in less than 0.5% of patients, 
under circumstances where a causal relation- 
Ot certain: confusion, paresthesia, insomnia, 
се, equilibrium disorders, blurred vision, syn- 
cramps, shakiness, claudication, hair loss, 
ruptions, spotty menstruation, ecchymosis, 
gynecomastia, and psychotic symptoms. Over- 
rate was 94.5% in 1, 166 patients. 
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The most up-to-date presen- 


tation of the latest data on 
the entire range of clinical, 
bioengineering, pathology, 
and long-range follow-up 
' issues on cardiac tissue 
valves. 


edited by Lawrence H. Cohn, MD, and Vincenzo Gallucci, MD 
ISBN 0-914316-34-6, 609pp., illus., 1982, $69.00 


An international program committee 
organized this symposium on a strict- 
ly competitive abstract basis. It was 
held less than six months ago. One- 
hundred-eighty abstracts were sub- 
mitted and 45 in 8 categories were ac- 
cepted. Virtually every major cardio- 
vascular center in the world that has 
any meaningful experience with car- 
diac bioprosthetic valves was repre- 
sented. Nowhere will you find be- 
tween two covers as much current 
information on the field of cardiac 
valves. 


Almost 20 years have gone by since 
the first reports of homograft valve 
replacement by Drs. Donald Ross and 
Brian Barratt-Boyes and almost 10 
years since the first reports began to 
appear about commercially available, 
quality-controlled porcine biopros- 
thetic and bovine pericardial valves. 
This book brings you completely up- 
to-date on what has happened since 
and what is happening today. 


If your interests include the clinical, 
pathological and bioengineering as- 
pects of cardiac bioprostheses then 
this book is a must buy! It should 
not be missing from your own 
professional library. 


Who are the editors? 


Lawrence H. Cohn, MD, is Pro- 
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ATRI-PACE FLARE: ATRI-PACE J” and VENTRI-PACE" 
TORQUE. VENTRI-PACE" BALLOON. Cardiovascular 
catheter tips to remember. 

The science of cardiology is changing quickly. 
And that's as it should be. Because modern tech- 
nology has no higher goal than saving human lives. 

At Mansfield Scientific, we understand the needs 
of today s cardiologist. We develop advanced 
catheters and electronic systems and put them to 
work for you. | 

For example, our ATRI-PACE FLARE features a 
unique flared-tip design that assures minimum 
thresholds and maximum stability against the atrial 
endocardium. 

Our ATRI-PACE J and VENTRI-PACE TORQUE 
provide excellent rotational and longitudinal 
control for ease of placement and reliable pacing 
under a wide range of conditions. The catheters 
are available in a variety of French sizes and 
configurations to meet the demands of both atrial 
and ventricular endocardial stimulation. 

The VENTRI-PACE BALLOON" offers a reliable 
balloon flotation catheter with enhanced torsion- 
control capabilities for fast, stable placement 
within the right ventricle. The flow-assisted qualities 
of the balloon facilitate tricuspid valve passage, 
while the highly responsive catheter permits secure 
positioning. 

So for your temporary pacing needs, call 
Mansfield Scientific. When your patients’ lives are 
at risk, it's a tip you can trust. 


MansfieldScientific, Inc. 


135 Forbes Boulevard, Mansfield, МА 02048 USA 
1-800-225-2732 (In MA, 617-339-4112) Telex: 951959 
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For elderly patients with angina,” the transdermal nitroglycerin patch on the left can 
be as difficult to open as a childproof cap. 


Nitro-Dur is easier to open, easier to apply. Its size is comfortable to handle. Its 
backing is easy to peel off from any corner. And its application is simple—no 
continual pressure is needed. Nitro-Dur was designed to fit comfortably into the lives 
of angina patients— particularly the elderly. 


No wonder it has won a place so close to so many hearts. 


Symptoms of hypotension may be due to overdosage. If hypotension occurs, the dosage should be reduced. In terminating treatment, the dosage must be 
gradually reduced over a 4- to 6- week period. 


*All transdermal nitroglycerin products are being marketed pending final evaluation of effectiveness by the FDA 


Nitro-Dur 
(nitroglycerin) 


Transdermal Infusion System 


Practical not pretty. 


See next page for brief summary of prescribing information. 


















matrix composed of glycerin, 
yviny! alcohol, povidone and so- 
to provide а continuous source of the active 
itro-Dur is available in dosage sizes 5cm?, 10стг, 
1 20cm?, containing 26 mg, 51 mg, 77 mg and 104 
oglycerin, respectively, thereby providing a range of 
eis of nitroglycerin. Each unit is sealed in a polyester- 
lene laminate. The bandage portion consists of a 
tade non-woven, heat sealable, microporous tape. 


PHARMACOLOGY: When the Nitro-Dur system is 
e skin, nitroglycerin is absorbed continuously 
in into the systemic circulation. This results in 
Ching the target organs (heart, extremities) 
ivation by the liver. Nitroglycerin is a smooth 
jaxant with vascular effects manifested predominantly 
tion and pooling. The major beneficial effect of 
in angina pectoris is a reduction in myocardial 
consumption secondary to vascular smooth muscle 
Hon with resultant reduction in cardiac preload and 
In recent years there has been an increasing recogni- 
rect vasodilator effect of nitroglycerin on the 
y vessels. 
vailability studies using healthy volunteers,‘ transder- 
ption of nitroglycerin from Nitro-Dur achieved steady 
10us plasma levels, and maintained these levels for 24 
Detectable plasma levels were attained within 30 min- 
fter application of the system, and were still detectable 

tes after removal of the system. Precise definition of 
utic plasma level" is not known at this time. 































TIONS AND USAGE: This drug product has been 
ionally approved by the FDA for the prevention and 
ment of angina pectoris due to coronary artery 
he conditional approval reflects a determination 
? Grug may be marketed while further investigation 
effectiveness is undertaken. A final evaluation of the 
$$ of the product will be announced by the FDA. 


















































TAINDICATIONS: intolerance of organic nitrate drugs, 
hemia, increased intraocular pressure or increased 

ial pressure. 

ARNINGS: The Nitro-Dur system should be used under 

ical and/or hemodynamic monitoring in patients 

e myocardial infarction or congestive heart failure. 

tminating treatment of angina patients, both the dosage 

quency of application must be gradually reduced over a 

of 4 to 6 weeks in order to prevent sudden withdrawal 

Hons, which are characteristic of all vasodilators in the 
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їп pregnancy has not been established relative to 
verse effect on fetal development, but neither have 
е effects on fetal development been established. There- 
se of nitroglycerin in pregnant women should be 
ced against the risk of uncontrolled angina pectoris. 
PRECAUTIONS: Symptoms of hypotension, such as faintness, 
ess or dizziness, particularly orthostatic hypotension, 
ue to overdosage. If during the course of treatment 
symptoms occur, the dosage should be reduced or use 
product discontinued. 

Dur is not intended for use in the treatment of acute 
nat attacks. For this purpose, occasional use of sublingual 
glycerin may be necessary. 


SE REACTIONS: Transient headache is the most com- 
de effect, especially when higher doses of the drug are 
Stered. Headaches should be treated with mild anal- 
hile continuing Nitro-Dur therapy. If headache persists, 
ur dosage should be reduced. 
së reactions reported less frequently include hypoten- 
ed heart rate, faintness, flushing, dizziness, 
iting, and dermatitis. Except for dermatitis, these 
are attributed to the pharmacologic effects of 
/Cerin. However, they may be symptoms of overdosage. 
they persist, the Nitro-Dur dosage should be reduced or 
ie product discontinued. 


UPPLIED: Nitro-Dur Transdermal Infusion System, 
tücme, 15cm? and 20ст2, is available in unit dose 
of 28 and hospital packs of 100. 


JN: Federal law prohibits dispensing without 
INSTRUCTIONS FOR APPLICATION: Patient instruc- 
furnished with each unit dose package. 

lete prescribing information, please see package 


ile: Key Pharmaceuticals, Inc. Revised 05/84 


EY PHARMACEUTICALS, INC. 


mi, Florida 33269-0670 
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60 internationally prominent contributors provide in 26 papers a comprehensive 
overview of the current thinking on the causes, mechanisms, treatment and com- 
plications of diabetes. 


Featured topics include: 


Û The causes of diabetic inheritance 

Immune factors of diabetes 

Mechanisms of diabetes (The culmination of 50 years of research) 
Autoimmunity 

New understandings in the mechanisms of insulin dependent and non- 
dependent diabetes mellitus 

New developments in the treatment of diabetes 

Methods of monitoring blood glucose and the use of glycosylated 
hemoglobin 

Pharmacology of oral hypoglycemics 

Use of insulin infusion devices 

Human insulin produced by recombinant DNA technology 


OOO пп OOOO 


If it is important to you in your practice to stay up-to-date on the latest develop- 
ments in Diabetes Mellitus and you need a quick reference on the topic, then this 
is the book for you. 


DIABETES MELLITUS 


edited by Jay S. Skyler, M.D., and George F. Cahill, Jr., M.D. 
1981, 234 pp., 0-914316-23-0, $35.00 
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WEI FENG SHEN, MSc(med) GARY S. ROUBIN, MB, KUNIHIKO HIRASAWA, MD 

CHRISTOPHER Y-P. CHOONG, MB, BRIAN F. HUTTON, MSc, 
PETER J. FLETCHER, MB, PhD, 
and DAVID T. KELLY, MB 


PHILLIP J. HARRIS, MB, DPhil, 


< To determine if cause influences the left ventricular 
:.. (LV) volume and ejection fraction (EF) response to 
` exercise, 24 patients with chronic congestive heart 
failure (CHF) (13 dilated cadiomyopathy [DC], 
CHF-DC group; 11 previous myocardial infarction 
[Mi], CHF-MI group) and 6 age-matched control 
subjects underwent simultaneous hemodynamic 
-. monitoring and radionuclide ventriculography during 
. semiupright bicycle exercise. Both CHF groups had 
similar hemodynamic values, LV volumes and EF at 
rest. Exercise hemodynamics were also similar, but 
LV volume and EF responses to exercise were dif- 





Distinguishing patients with chronic congestive heart 
`. failure (CHF) resulting from coronary artery disease 
from those with CHF resulting from dilated cardio- 
myopathy (DC) is important because management and 
prognosis differ.!:2 Clinical and noninvasive differen- 
tiation of these 2 conditions remains difficult.?* Al- 
though left ventricular (LV) ejection fraction (EF) re- 
sponse to exercise in these patients has recently been 
emphasized,» a limitation of this measurement is that 
considerable changes in LV volumes may occur without 
change in EF. As most patients with CHF caused by 
either coronary artery disease or DC have greatly in- 
creased LV volumes, the LV response to exercise may 
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ney, Australia. Manuscript received September 11, 1984: revised 
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Left Ventricular Volume and Ejection Fraction Response 
to Exercise in Chronic Congestive Heart Failure: - 
Difference Between Dilated Cardiomyopathy 
and Previous Myocardial Infarction 
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ferent. In the CHF-DC group LV end-diastolic vo 
increased by 15% during exercise, significa 
(p <0.01) than the 44% increase in CHF-MI 
During exercise, EF increased in CHF-DC gro 
did not change i in CHF-MI group because of a 
increase in end-systolic volume. The slope of m 
pulmonary wedge pressure-LV end-diastolic voli 
relation was steeper in CHF-DC group tha 
CHF-MI group (p <0.01). The study suggest: 
LV volume and EF response to exercise in pa 
with CHF depends on the origin of the CHF. 
(Am J Cardiol 1985;55: 1027-10 








be better defined in terms of volume changes. The 
volume response is related to LV loading conditior 
the hemodynamic changes during exercise shoul 
be measured. This study measures LV volume and 
changes during exercise in patients with CHF and 
termines if patients with DC have a response diffe 
from those with previous myocardial infarction: 





Methods 


Study patients: Twenty-four patients (23 men, 1 wot 
mean age 52 years) who had clinical history of CHF (Ne 
Heart Association functional class П or Ш) and who hi 
dergone cardiac catheterization were studied. The me 
riod of CHF was 28 months. In 13 patients, CHF was: 
DC (CHF-DC group) and all had normal coronary arteri 
generalized hypokinesia on ventriculography. Eleven p: 
had CHF caused by previous transmural MI (CHF-MI; 
and all had total or subtotal occlusion of the left ant 
scending coronary artery. In addition, 7 patients had 
than 75% narrowing of the left circumflex artery (4; 





-Control Group 
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culography revealed anterolateral aneurysm in 4 pa- 
and anterolateral akinesia in 7. None had evidence of 
ar regurgitation and all were in sinus rhythm. All pa- 
were taking digoxin and diuretic drugs, but vasodilator 
were discontinued 2 weeks before study. No medications 
iken on the morning of the study. 

men (mean age 48 years) with angiographically nor- 
V function and coronary arteries served as a control 
up. In all patients, cardiac catheterization has been per- 
| because of atypical chest pain. All had normal exercise 
rocardiograms. 

imodynamic measurements: А triple-lumen Swan- 
hermodilution catheter was inserted percutaneously 
easure right atrial, pulmonary arterial and pulmonary 
pressures. The 0 reference point for pressures was set 
fourth intercostal space in the midaxillary line. Pul- 
ту wedge pressure measured by this technique correlated 
with LV end-diastolic pressure at rest and during exer- 
Cardiac output was determined in triplicate by the 
modilution technique. Arterial pressure was measured 
igh a percutaneous radial artery cannula. Heart rate was 
red from a 12-lead electrocardiogram recorded simul- 
jusly with pressure and cardiac output measurements. 
dionuclide ventriculography: After in vivo labeling 
d blood cells with 25 mCi of technetium-99m, gated 
rium radionuclide ventriculography was performed 
standard method.9? Radionuclide count data were 
ired simultaneously with pressure and thermodilution 
ac output measurements at rest and during exercise. 
iÜuclide data were processed with a semiautomatic 
etection program and LVEF was determined by a 
metric count-based method validated in our labora- 
To evaluate the theoretical possibility that mitral 
itation could occur at peak exercise and invalidate the 
lation of end-diastolic volume from the radionuclide 
F and thermodilution stroke volume, we also analyzed 
ventricular regions of interest at maximal exercise in 20 
nts (11 in the CHF-DC group and 9 in the CHF-MI 
J) using a standard method.? In our laboratory, the ra- 
iclide left to right ventricular stroke count ratio was 
to unity (1.04 + 0.12) for patients without valvular 
gitation or intracardiac shunt, and correlated well with 
st angiographic regurgitant fraction in patients with 
'egurgitation.? In the present study, the stroke count 
as 1.01 + 0.13 in the CHF-DC group and 1.02 + 0.14 in 
HF-MI group. We also studied the relation between at- 
d radionuclide LV stroke volume and thermodilution 
! in 11 patients. Attenuated LV stroke volumes, 
ethod,® correlated well with the 














< 0.01, їр «0.05 vs control group at rest or during exercise; * p «0.05 vs CHF-DC group during exercise. 
"m congestive heart failure; CO = cardiac output; DC = dilated cardiomyopathy; EDV = end-diastolic volume; EF = ejection fraction; ESV 
systolic volume; HR = heart rate; MAP = mean arterial pressure; MI = 

iure-volume ratio; PWP = pulmonary wedge pressure; SV = stroke volume. 
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myocardial infarction; PA = pulmonary arterial pressure; P/V ratio 


Exercise protocol: Baseline hemodynamic and radionu- 
clide measurements and 12-lead electrocardiogram were ob- 
tained at rest. Semiupright (45?) bicycle exercise was used 
with patients seated on an exercise table (Atomic Products). 
Exercise was commenced at a workload of 15 W. The pedal 
speed of the electronically braked ergometer system (Sie- 
mens-Elema) was held at 60 rpm, and the workload was in- 
creased by 15 W every 3 minutes. Each patient was encour- 
aged to complete the highest workload achieved. All 
measurements were repeated during the last 2 minutes of each 
exercise level. 

Calculations: From the measured hemodynamic and ra- 
dionuclide data, the following derived data were calculated. 
LV end-diastolic volume (ml) was estimated as (thermodilu- 
tion stroke volume [ml]/radionuclide LVEF).19.!! LV end- 
systolic volume was calculated as (LV end-diastolic volume 
— stroke volume). The pressure/volume ratio was derived from 
the ratio between systolic blood pressure and LV end-systolic 
volume and used as an indirect measure of myocardial con- 
tractility.!?:1? The slope of the relation between the logarithm 
of mean pulmonary wedge pressure and LV end-diastolic 
volume was determined in each patient using at least 3 pres- 
sure-volume points at rest and during exercise, and used as 
an indirect measure of LV chamber diastolic stiffness.!4 

Statistical analysis: The results are expressed as mean + 
standard deviation. In each group, the differences between 
the rest and maximal exercise were analyzed by the paired t 
test. Comparisons among groups were performed by analysis 
of variance. The Mann-Whitney rank-sum statistic was used 
to evaluate the difference in the slopes of mean pulmonary 
wedge pressure-LV end-diastolic volume relation between 
the 2 CHF groups.!? A p value of «0.05 was considered 
significant. 


Results 


Symptoms and exercise tolerance: Exercise was 
limited by fatigue or dyspnea in all cases. No patient 
had angina or a positive exercise electrocardiogram (at 
least 1 mV horizontal or downsloping ST-segment de- 
pression). The duration of exercise and total work per- 
formed were significantly greater in the control group 
(25 + 4 minutes and 125 + 18 W) than in the CHF-DC 
group (13 + 5 minutes and 65 + 25 W) and CHF-MI 
group (14 + 6 minutes and 72 + 28 W). There was no 
significant difference between the 2 CHF groups. | 

Hemodynamics: Table I is a summary of the hemo | 
mamie: and nd uar data for all patients. À 
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no significant difference between the 2 CHF groups. 
During exercise, heart rate increased, but was higher 
in the control subjects. Mean arterial pressure increased 
` to similar levels in the 3 groups. Pulmonary arterial and 
pulmonary wedge pressures increased more in CHF 
groups than in the control group. Mean stroke volume 
апа cardiac output increased in all groups during ex- 
-ercise but were higher in the control group. Overall, 
there was no difference in all these hemodynamic 
~ changes during exercise between CHF-DC and CHF-MI 
groups. 
Left ventricular volumes and function: LV end- 
diastolic and end-systolic volumes at rest were higher 
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CHF groups. During exercise, LV end-dias 
increased by 26% in the control group 











pressure/volume ratio were increased market 
control group, increased slightly in CHF-DC ; 
were unchanged s: the rela group (Fig. 1). 
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Discussion 


alues in our control subjects were similar to those 
usly reported in normal subjects during maximal 
ipright exercise.!? Patients with CHF caused by 
or previous MI had similar hemodynamic changes 
| exercise and different LV volume and EF 


t ventricular volume response to exercise in 
gestive heart failure: Few studies have assessed 
anges in LV volumes during exercise in patients 
‘CHF. A preliminary study reported an increase in 
nd-diastolic volume of 13% during supine exercise 
atients with primary cardiomyopathy!’ and this 
e is similar to that in our CHF-DC patients. Pa- 
ts. in the CHF-DC group increased their LV end- 

astolic volume less than patients in the CHF-MI 
up, but both groups had similar hemodynamics and 
function at rest and a similar hemodynamic re- 
ise to exercise. This different LV volume response 
ercise may be related to the underlying myocardial 
ologie characteristics. LV extensive fibrosis with 
ease in interstitial collagen has been described in 
Jents with primary cardiomyopathy.!9-?? This may 
ease the distensibility of the left ventricle, limiting 
eases in LV end-diastolic volume during exercise in 
'h patients. Our findings supported this, as the end- 

tolic volume increased less and the slope of the 
ion between mean pulmonary wedge pressure and 
end-diastolic volume was significantly steeper in 
IF-DC group than in CHF-MI group. 

-revious studies have shown that LV end-diastolic 
me increases during exercise-induced myocardial 
nia in patients with coronary artery disease 
hout CHF.?! Our CHF-MI patients were selected 
ause they had previous large transmural MI and did 
have angina or ST-segment changes during exercise 
iggesting myocardial ischemia. Nevertheless, some 
clinical ischemia may have occurred contributing 
the large increase in LV end-diastolic volume in 
nts with CHF-MI.?? Previous studies have shown 
changes in LV function are more sensitive to 
mia than are either clinical symptoms or the 
rocardiogram.?? 

both groups of CHF patients, the increase in LV 
-diastolic volume helped to maintain stroke volume, 
with the increase in heart rate, preserved cardiac 
put during exercise. This increased LV end-diastolic 
ume appeared to be most important in maintaining 
yke volume in CHF-MI patients as the pressure/ 
me ratio was unchanged during exercise in this 


though LV end-systolic volume increased during 
ise in both CHF groups, the increase was signifi- 
y greater in the CHF-MI group than in the 
-DC group. This may be a result of exercise- 
ced subclinical myocardial ischemia in patients in 
F-MI втоцр, i in contrast to o the nonischemic 


— and more restric 
patients, 





Left ventricular. 76 fraction response to | 
exercise in congestive heart failure: In this study, - 
LVEF was slightly but significantly increased in the 
CHF-DC group, but unchanged in CHF-MI group 
during exercise. Zijnen et al!’ observed no change in 
LVEF from rest to exercise in patients with primary 
cardiomyopathy and Schoolmeester et al® found an 
average decrease of 5.6% of LVEF in those with ischemic 
cardiomyopathy. The difference from our findings may 
be a result of postural effects,?? as in both their studies 
patients were studied supine. This also may be related 
to variation in patient population studied, since 
Schoolmeester et al selected patients with severe coro- 
nary artery disease but without previous MI. 

All CHF-DC patients in this study had normal cor- 
onary arteries and the increase in LVEF may be a result 
of the combination of the effects of increased preload 
and residual myocardial contractile reserve, as both LV 
end-diastolic volume and the pressure/volume ratio 
were increased during exercise in CHF-DC group. In 
CHF-MI patients, LVEF did not change, because of a 
proportionate increase in LV end-diastolic and end- 
systolic volumes. The pressure/volume ratio was un- 
changed, indicating that myocardial contractile reserve 
is depressed. 

Although the number of patients studied in the 
present evaluation is relatively small and validation of 
these results in a large number of patients is necessary, 
our findings reveal that patients with chronic CHF re- 
sulting from DC or previous MI had similar exercise 
capacity and hemodynamic response, but the changes 
in LV end-diastolic and end-systolic volumes and EF 
during exercise were different. These differences may 
be related to the underlying myocardial pathology. This 
study may provide useful information regarding dif- 
ferentiation of patients with CHF resulting from car- 
diomyopathy from those in whom the cause was previ- 
ous MI and coronary artery disease. 
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al congestive heart failure (СНЕ) is tradition- 
ssociated wtih significant left ventricular (LV) 
olic dysfunction. Over a 1-year period, 58 pa- 
with CHF and intact systolic function (LV 
on fraction [EF] 62 + 11%) were identified. 
bjective clinical-radiographic CHF score was 
| to document the clinical impression. Based оп 
nuclide evaluation of peak filling rate, 38% of 
e patients were found to have a significant ab- 
tality in diastolic function as measured by peak 
ng rate («2.50 end-diastolic volume/s). An ad- 
nal 24% of the patients had probable diastolic 
unction with borderline abnormal peak filling 
measurements (2.5 to 3.0 end-diastolic vol- 





cal congestive heart failure (CHF) is traditionally 
ciated with the triad of ventricular systolic dys- 
Lion, loss of functional myocardial mass and cardiac 
‘gement.! Based on this concept, CHF therapy has 
` directed toward augmentation of contractile 
tion with positive inotropic agents, or alteration in 
ricular loading conditions with vasodilators and 
atics.2> Recently it has been recognized that left 
ricular (LV) diastolic dysfunction also may occur 
e absence of overtly abnormal systolic performance. 
has been most evident in patients with hypertro- 
-statest? and with coronary artery disease.9-!? 
ever, the correlates of isolated abnormalities in 
olic performance, particularly as they relate to 
cal syndromes and presentations, remain to be 
ied. Abnormal LV diastolic performance can lead 
bstantial elevation in filling pressure, which, when 
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ume/s). The disease states most frequently asso- 
ciated with CHF and intact systolic function were 
coronary artery disease and systemic hypertension. 
During a 3-month sampling period 42 96 of patients 
with clinical diagnosis of CHF referred to the nuclear 
cardiology laboratory were found to have intact 
systolic function; thus, intact systolic function is not 
uncommon in patients with clinical CHF. Abnormal 
diastolic function is the most frequently encountered 
mechanism for the occurrence of CHF. Definition of 
systolic and diastolic function appears relevant for 
development of optimal therapeutic strategies for 
the treatment of patients with CHF. 

(Am J Cardiol 1985;55:1032- 1036) 





transmitted to the pulmonary vascular bed, results in 
transudation of fluid into alveoli and pulmonary con- 
gestion. Clearly, this pathophysiologic circumstance 
would be best treated with approaches other than con- 
ventional CHF therapy. The present study prospec- 
tively identified and evaluated patients with clinical 
CHF and intact systolic LV performance. We tested 
the hypotheses that the combination of CHF and in- 
tact systolic function occurs frequently, and that dia- 
stolic LV dysfunction may in part account for its 
occurrence. 


Methods 


Study group selection and evaluation: From July 1982 
to July 1983 we prospectively screened hospitalized patients 
referred to the nuclear cardiology laboratory at Yale-New 
Haven Medical Center for those with the clinical diagnosis of 
CHF in whom intact systolic LV function was demonstrated 
by equilibrium radionuclide angiocardiography. Clinical 
diagnoses and impressions were derived from data on the 
procedure requisition slip. When not provided, laboratory 
staff contacted referring physicians before the patient'sstudy 
in order to obtain relevant clinical data. Intact systolic fune- 
tion was defined as an LV ejection fraction (EF) of 4596 or 
more. For this study the LVEF was de inec | 
















modified in vivo labeling technique of Callahan et al.!? Data 
were acquired and processed on either a Technicare portable 
scintillation camera with Technicare 420 computer or a Searle 
LEM camera interfaced to a Medical Data Systems A? 
computer. 

Sixty-nine patients were identified. Each patient was in- 
terviewed and examined by an investigator and further 
workup was performed to evaluate CHF and its cause. On the 
basis of these evaluations and pulmonary function testing, we 
decided that 11 patients had chronic obstructive pulmonary 
disease rather than CHF. These 11 patients were excluded and 
the present study group consisted of 58 patients. ''heir mean 
age was 68 + 12 years (range 31 to 98). 

Each patient was assigned a CHF score based on an objec- 
tive scale modified from that of Lee et al.!^ Using whole 
numbers, 4 relevant clinical variables and 1 radiographic 
variable were graded and summed for the final score. Dyspnea 
was graded as either 1 point for mild-to-moderate exertional 
dyspnea, 2 points for paroxysmal nocturnal dyspnea or in- 
creasing exertional dyspnea, 3 points for orthopnea or 4 points 
for dyspnea at rest. Rales on physical examination were graded 
as 1 point when at the bases, and 2 points when above the 
bases as well. An S; gallop detected by auscultation was given 
a score of 2 points if present and 0 if absent. Right-sided CHF 
was scored as 1 point for jugular venous distention 26 cm H20 
and 2 points for either jugular venous distention 26 cm H20 
plus pedal edema or hepatomegaly. The chest radiograph at 
presentation was scored by a radiologist who was blinded to 
the clinical data. The maximum score was 3. One point was 
assigned for pulmonary vascular redistribution, 2 points for 
interstitial edema and 3 points for alveolar edema or inter- 
stitial edema with pleural effusions. Thus, the maximum to- 
tal score corresponding to the most clinically severe CHF 
was 13. 

In addition to complete clinical evaluation and equilibrium 
radionuclide angiocardiography, several additional studies 
were performed. A high-temporal-resolution nuclear probe 
was used to analyze peak filling rate, an index of diastolic 
performance that could not be determined from the routinely 
acquired and processed radionuclide study. Complete pul- 
monary function tests to assess ventilatory impairment were 
performed in 23 patients. Assessment included measurement 
of forced expiratory volume in 1 second, forced vital capacity 
and the ratio of the forced expiratory volume in 1 second to 
the forced vital capacity. Right-sided cardiac catheterization 
was performed within 7 days of the nuclear study to evaluate 
filling pressures and baseline hemodynamic status in 16 pa- 
tients. The evaluation included measurement of right atrial, 
right ventricular, pulmonary artery and pulmonary capillary 
wedge pressures. 

Nuclear probe technique: The computerized nuclear 
probe is a nonimaging nuclear detector that assesses global 
LV performance (BIOS, Inc.). It provides high temporal res- 
olution and the sensitivity required to analyze the diastolic 
phase of the volume curve. The instrument follows the prin- 
ciples of scintillation camera equilibrium radionuclide an- 
giocardiography after red blood cell labeling with techne- 
tium-99m. Reliable algorithms have been developed for probe 
positioning over appropriate LV and background regions of 
interest.!5 The ventricular volume curve is obtained from data 
generated every 10 ms. From the curve, LVEF and peak filling 
rate are derived directly. Studies by Bonow et al and others^-? 
have shown that the radionuclide peak filling rate can be used 
to evaluate diastolic function and is frequently abnormal in 
certain disease states, even when systolic function is normal. 
The peak filling rate (Fig. 1) represents the maximal rate of 
change in counts during early to mid-diastole. It is determined 
using a 60-ms window positioned between 2 movable vertical 
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cursors that scan diastole. The peak filling rate is expressed 
as end-diastolic volume/s and is normalized for the number 
of counts in end-diastole. Based upon data obtained from 14 
normal healthy volunteers (aged 31 to 55 years), a normal peak 
filling rate (+ standard deviation) is 4.04 + 0.77 end-diastolic 
volume/s. The lower limit of normal in our laboratory is 2.50. _ 
These values are consistent with the data of Bonow et al® — 
obtained using a scintillation camera and a more elaborate _ 
computer processing technique. Variability of the peak filling 
rate with the nuclear probe (with the same operator and 
measurements obtained 20 minutes apart with complete re- 
positioning of the probe) is +5.2%. 

Additional study groups: To assess the relative frequency 
of intact systolic function and CHF, we screened the nuclear 
cardiology laboratory data from January through April 1983. 
All laboratory requisitions were reviewed, and those patients 
with the referral impression of CHF were divided into those 
with intact and those with impaired LV systolic function. 

In addition to the study group, a control group of 22 patients 
with coronary artery disease (previous myocardial infarction) 
and no CHF were matched with respect to LVEF with pa- 
tients who had abnormal peak filling rate and CHF. Each of 
these 22 patients also underwent high-temporal-resolution 
nuclear probe studies. These patients were included to eval- 
uate the relative degree of impairment in filling noted in pa- _ 
tients with diastolic dysfunction and CHF, because patients _ 
with coronary artery disease may have abnormal filling in the 
absence of clinical symptoms.® 

Data analysis: Group data were expressed as the mean 
+ the standard deviation. Comparison between groups 
was made by Student t test. A p value <0.05 was considered 
significant. 


Results 


The 58 patients had a mean CHF score of 8.0 + 2.6. 
Of the total study group, 75% had onset of CHF more 
than 3 months before entry into the study and 25% had 
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FIGURE 1. Ventricular volume curve and peak filling rate measurement 
in a group | patient. The volume curve was generated with a nuclear 
probe following equilibrium blood pool labeling. Note the visually ap- 
parent delayed filling phase. Vertical cursors define the portion of the 
curve where measurement of peak filling rate was obtained. Left ven- 
tricular ejection fraction was 57 96, peak filling rate was 1.25 end-dia- 
stolic volume/s. 





























































nean L F. for the 58 patients was 62 + 11% 
45 к 90). The distribution of patients with re- 
to range of LVEF was: 6 patients had an LVEF of 
50%, 22 patients 50 to 60%, 19 patients 60 to 70% 
1 patients more than 70%. Fifty-six of the 58 pa- 
Its were receiving therapy for CHF at entry. Forty- 
го patients (72%) were receiving digitalis or diuretics 
г both. Ten patients (17%) were receiving a calcium- 
nnel blocking agent in addition to some combination 
italis and diuretic drugs. Four patients (7%) were 
ng a calcium-channel blocker alone. There were 
ients distributed among the patients just de- 
ed who were receiving vasodilators. These patients 
evenly distributed among the 3 patient groups that 
je described. Twenty patients had an Ss gallop 
| independently by at least 2 physicians, 1 of whom 
either an attending cardiologist or investigator 
mber of our group. 

e 58 patients were separated into 3 groups. Group 
uded those with diastolic dysfunction, as defined 
distinctly abnormal peak filling rate of less than 2.5 
jastolic volume/s. This value represents more than 
andard deviations below the mean normal value. 
up II included patients with probable diastolic 
unction, as defined by peak filling rate between 2.5 
.0 end-diastolic volume/s. This falls within a range 
to 2.0 standard deviations below the mean nor- 
value for the laboratory. Group III included pa- 
| in whom no diastolic dysfunction could be 
ionstrated. 

roup I consisted of 22 patients (38% of the total 
Ip), mean age 68 + 8 years (range 56 to 87). In 32% 
lese patients, this was the first presentation of CHF. 
y-six percent presented with pulmonary edema. 
idible Sg gallop was present in 36%. The mean CHF 
was 7.6 + 2.8. All but 1 patient were receiving 
py for CHF before entry (14 digitalis or diuretic 
oth, 5 digitalis or diuretic or both plus calcium- 
annel blocker, and 2 calcium-channel blocker alone). 
-mean LVEF was 59 + 10% (range 45 to 90). The 
an peak filling rate was 1.95 + 0.43 end-diastolic 
ie/s (range 0.99 to 2.48). Right-sided cardiac 
terization was performed in 6 patients and re- 
ed a mean capillary wedge pressure of 22 + 9 mm 
ine patients (41%) had systemic hypertension and 
ical coronary artery disease, 6 (27%) had coronary 
; disease alone and 4 (18%) systemic hypertension 
е. Of the remaining patients, 1 had CHF as the 
al presentation of biopsy-proved amyloidosis and 
tients had previously undiagnosed hypertrophic 
iomyopathy. 

roup II consisted of 14 patients (24% of the total 
ip), mean age 71 + 16 years (range 31 to 90). The 
n CHF score was 7.3 2.3. Three patients presented 
an audible Ss gallop and all patients were receiving 
alis or diuretic therapy on entry to this study. None 
receiving calcium-channel blockers. Forty-six 
nt had initial symptoms of CHF at the time of 








| + ent presented | with: pt 






LVEF for this group was 58 + 9% (range 47 to 90). 
Right-sided cardiac catheterization in 4 patients re- 
vealed a mean pulmonary capillary wedge pressure of 
23 + 2mm Hg. The mean peak filling rate was 2.77 + 
0.14 end-diastolic volume/s (range 2.57 to 3.0). Five 
patients had coronary artery disease and 4 had systemic 
hypertension and coronary artery disease. Three pre- 
sented with restrictive cardiomyopathy: 2 secondary to 
scleroderma and the other to hemochromatosis. One 
patient had clinically silent aortic stenosis diagnosed 
only at autopsy examination. In 1 patient no cause was 
apparent. 

Group ПІ consisted of a clinically heterogenous group 
of 22 patients, mean age 66 + 12 years (range 47 to 98). 
The mean CHF score was 8.4 + 2.7. The mean LVEF 
was 64 + 12% (range 45 to 91), and peak filling rate was 
4.31 + 1.2 end-diastolic volume/s (range 3.10 to 7.20). 
Right-sided cardiac catheterization in 6 revealed a mean 
wedge pressure of 20 + 6 mm Hg. An S3 gallop was heard 
in 41%. Forty-three percent had chronic CHF and 57% 
had initial CHF upon entry. Fourteen were receiving 
digitalis or diuretic drugs or both, and 5 of these patients 
were also receiving a calcium-channel blocker; 2 were 
receiving calcium-channel blocker alone. Five patients 
had CHF-related myocardial ischemia: 4 sustained an 
acute infarction and 1 had ischemic transient ST-seg- 
ment depression. Of the 8 patients with clinically pre- 
sumed volume overload, 5 had chronic renal failure on 
hemodialysis and 3 had clinically silent mitral regurgi- 
tation, confirmed subsequently by contrast LV angi- 
ography (23+). The cause of CHF could not be defined 
in 7 patients. In 2 patients clinical workup revealed bi- 
opsy-proved amyliodosis. 

There was no significant difference among groups I, 
II and III in terms of heart rate (72, 76 and 68 beats/min, 
respectively) or age (68, 71 and 66 years, respectively). 

Over the 4-month sampling period 74 patients with 
the clinical diagnosis of CHF were referred for radio- 
nuclide evaluation of LV function. Thirty-one of the 
patients (42%) had intact systolic function, with an 
LVEF of 45% or more. 

Comparison of data between the matched coronary 
artery disease sample without CHF and the group I 
patients revealed no difference in LVEF (51 + 6 vs 59 
+ 10%, respectively, p = not significant). However, peak 
filling rate was significantly lower in the CHF group 
(2.56 + 0.53 vs 1.95 + 0.43, p <0.01). 


Discussion 


The traditional approach to the management of pa- 
tients with CHF assumes that the critical physiologic 
derangement is a depression of myocardial contractile 
function. Elevated LV diastolic pressure accounts for 
symptoms and signs of pulmonary congestion and 
presumably results from reduced systolic emptying and 
compensatory utilization of the Frank-Starling mech- 
anism with ventricular dilation. The possibility of a 
primary diastolic abnormality usually i is not considered ad 
in planning appropriate. thera е r: 



























systolic LV pump function in hospitalized patients with 

CHF. Abnormal diastolic function was the most fre- 
quent pathophysiologic abnormality, occurring in 38% 
of the patients. In an additional 24% (group П), diastolic 
dysfunction was strongly suggested. 

These data call into question the routine use of tra- 
ditional forms of therapy in all patients with CHF 
without first defining the impairment in systolic func- 
tion. Isolated abnormalities in diastolic performance 
have been reported in patients with cardiomyopathies, 
as well as coronary artery disease.*!? However, the 
correlation of diastolic abnormalities with the presen- 
tation of CHF and intact systolic function has only re- 
cently been presumed. Most patients were receiving 
digitalis at the time of evaluation. However, several 
studies have failed to show a digitalis-induced aug- 
mentation of LVEF and concomitant reduction in 
end-diastolic and end-systolic volume indexes.!4!7 
Therefore, the combination of intact systolic function, 
as measured by LVEF, and substantial clinical CHF 
cannot be attributed to digoxin therapy resulting in 
normalization of a previously abnormal functional state. 

Patients presenting with chronic and acute CHF and 
patients presenting with pulmonary edema were in- 
cluded. The clinical manifestations of CHF were classic 
and included rales, S3, edema, neck vein distention and 
radiographic evidence of pulmonary vascular conges- 
tion. An Ӛз was recorded in 35% of patients. This clinical 
finding has been deemed most relevant for predicting 
successful CHF therapy with digitalis.!^ It is unlikely 
that patients in our series with an S3 would benefit from 
such therapy. 

The frequency of intact systolic function in patients 
with CHF referred for noninvasive laboratory evalua- 
tion was higher than anticipated. In our series, 4296 of 
patients with CHF evaluated during a 3-month period 
manifested this pattern of systolic function. This may 
represent a biased example, because only patients re- 
ferred to the imaging laboratory were included in 
analysis. Nevertheless, most patients with CHF in our 
medical center undergo radionuclide assessment of 
ventricular performance. Our findings are consistent 
with those of Echeverria et а] !8 who used echocardio- 
graphic techniques and noted normal systolic function 
in 40% of 50 consecutive patients with CHF. In addition, 
Dougherty et al!? recently noted a normal radionuclide 
EF (>45%) in 36% of a consecutive series of patients 
with CHF. Warnowicz et al?? noted that 16 of 39 pa- 
tients with acute myocardial infarction and pulmonary 
edema manifested normal LVEF before hospital dis- 
charge. No attempt, however, was made to distinguish 
between the potential mechanisms of transient ischemia 
vs diastolic dysfunction in this study. Thus, it would 
appear that the finding of documented CHF failure and 
normal systolic function is not rare. 

In the present study, systolic function was assessed 
using LVEF measurement. Although LVEF is in- 

fluenced by alterations in preload and afterload, it is a 
useful clinical parameter for detecting depressed 
yocardial performance. Moreover, it has the advan- 





atively frequent. occurrence of intact: ` tage ve of heme ва i 
niques. LVEF has heen 





patients with significant LV systoli 
in several cardiac disease states, including do: 
cardiomyopathy, acute myocardial infarc 
congestive cardiomyopathy.?!-?? The measure 
LVEF provides prognostic information in patie 
myocardial infarction.2L?324 Although more 
abnormalities in LV contractile function mig 
been detected by evaluating systolic pressure-v 
relations, it is not certain that such analysis. 
provide relevant clinical patient categorization 

Pulmonary vascular congestion in the abs 
systolic dysfunction may be due to impaire 
filling. The causes for this include pericardi: 
tion, restrictive cardiomyopathy and mechan 
struction to filling (such as mitral stenosis an 
myxoma). Congestive heart failure without pu 
function can also be caused by volume overlo: 
cardiac output states or valvular heart diseas 
of our patients no such cause could be identifi 
most frequently associated disease states were co: 
artery disease or systemic hypertension or bot 
of these conditions have been associated with ab 
LV diastolic performance.».6.27 

Diastolic performance was assessed by a vol 
parameter. We recognize that this may not bet 
indicator of the diastolic performance of the 1 
tricle, which may be better defined by detailed 
ment of diastolic pressure-volume relations.?8- 
filling rates in our abnormal diastolic functio 
group with CHF were significantly lower than 
obtained in a matched group of patients with coro 
artery disease, comparable LVEF and no CHF 
provides inferential evidence concerning the | 
physiologic relevance of diastolic dysfunction. 
CHF group. Measurements may also depend t« 
extent on patient age and heart rate, and these: 
vary among our groups.?3.34 

In contrast to digitalis therapy, there may be a] 
edent for approaching our patients therapeutically 
calcium-channel blockers. Although such therapy i 
routinely advocated for treatment of symptoma 
pulmonary congestion, it is of value clinically in pat 
with hypertrophic cardiomyopathy. In addition 
salutary effects of verapamil and nifedipine ирот 
diastolic performance are documented in patients. 
hypertrophic states.4?? 

Based on the results of the present study, it. app De 
to be prudent to evaluate patients with clinical CHF 
global systolic and diastolic performance. The. 
imaging nuclear probe appears to be a cost-effe 
means of rapidly obtaining these data. If systolic f 
tion is intact in a patient, traditional therap 
strategies should be altered. Therapy should be 
signed to control volume intake in situations of vo. 
overload, or pharmacologically alter myocardial. 
ply/demand imbalances in the presence of ventr 
dysfunction caused by transient ischemia. In the 
of diastolic dysfunction alone, a trial with cal 
channel blockers aimed at normalizing this abnorm 












































































































ation. Clearly, 

di: tion is critical in stratifi- 
patients during evaluation of new therapies 
d to alter symptomatic status or prognosis 
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Previous studies have shown poor correlations be- 
tween exercise tolerance and measurements of left 
ventricular (LV) function during rest in patients with 
congestive heart failure (CHF). To further evaluate 
the determinants of exercise tolerance and their 
relation to prognosis, we performed rest and exer- 
cise hemodynamic measurements and blood pool 
scintigraphy in 27 patients with CHF. All patients 
were treated with digitalis and diuretic drugs, but not 
vasodilator drugs. Exercise capacity was assessed 
by maximal oxygen consumption (VO;max) during 
upright bicycle ergometry. Both right ventricular 
(RV) and LV ejection fractions were measured by 
radionuclide techniques, and arterial, right atrial and 


3 | ` pulmonary artery pressures, cardiac output, and 


derived hemodynamic indexes were determined. As 
a group, patients with severely impaired exercise 
tolerance (group 1, VO2max less than 10 ml/min/kg) 
had significantly higher rest pulmonary capillary 
wedge and right atrial pressures (30 + 4 vs 23 + 6 
and 12 + 4 vs 7 + 2 mm Hg, respectively) than 
those with a УО тах of 10 to 18 ml/min/kg (group 
2). They also had lower LV and RV ejection fractions 
(16 + 496 vs 21 + 4% and 19 + 12% vs 27 + 7%, 
respectively). However, overlap among individual 





Patients with congestive heart failure (CHF) are limited 
by dyspnea and fatigue during exertion. In individual 
subjects, however, exercise capacity often correlates 
poorly with indexes of left ventricular (LV) function at 
геѕі.1-7 Survival, on the other hand, appears to be de- 
termined by LV function, but has not been examined 
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patients was considerable, and only pu 
capillary wedge pressure at rest correlate 
cantly (r = 0.69, p <0.001) with VO,max. 
exercise, patients in group 1 had lower hear 
stroke indexes and cardiac indexes (117 
133 + 14 beats/min, 25 + 5 vs 31 7m 
2.8 + 0.5 vs 3.9 + 0.6 liters/min/m^, resp 
and higher right atrial pressures (18 + 4 vs 
mm Hg). Both exercise heart rate and cardia 
correlated significantly with УО тах. Pati 
group 1 had a significantly higher mortal 
during the subsequent year compared with 
group 2 (77% vs 21%, p <0.001). Thus, e 
tolerance in CHF appears to be most closely 
to the patients’ ability to increase their heart гаі 
cardiac index. Measurements of cardiac funct 
rest, although worse in patients with severe 
paired exercise tolerance as a group, corr 
poorly with exercise VO2max in individual subje 
Nonetheless, exercise capacity provided imp 
prognostic information, in that patients with 
tolerance had a significantly higher mortalit 
during the first year of follow-up. | 


(Am J Cardiol 1985;55:1037-1 


in relation to exercise capacity except in 1 preli1 
report.? The present study was undertaken to ex 
the relation of exercise capacity to measurements ‹ 
and right ventricular (RV) function, both at rest an. 
maximal exercise, in patients with chronic CH 
second goal of the study was to evaluate the rel: 
between exercise tolerance and survival. : 


Methods 


Patients: The study population consisted of 27 mei 
age 56 years (range 48 to 72). The cause of CHF was c 
artery disease in 19 patients and idiopathic dilated 
myopathy in 8. The diagnosis of CHF had been made 





























Six patients were considered to be i 









37 t9 54 + 9 
26 + 6 37 t7 
9+4 14+ 6 

2.1 + 0.4 3.4 + 0.7 
25 + 8 28 t7 

27 i 12 31+ 12 

1,590 + 440 1,050 + 290 

260 + 150 230 + 130 
22 + 16 18+ 5 
24+8 24+7 


‘cardiac index; HR = heart rate; LV = left ventricular; LVEF = 
ction fraction; MAP = mean arterial pressure; PAP = pu 

ressure; PVR = pulmonary vascular resistance; RA = right atrial 
е, RVEF = right ventricular ejection fraction; SV! = stroke 
index; SVR = systemic vascular resistance; SWI = stroke work 












































latter were only intermittently symptomatic at rest and 
erefore, able to exercise. Patients were selected be- 
they were clinically stable and capable of performing 
testing to an endpoint related to CHF, that is, dy- 
r exhaustion. Patients with myocardial infarction 
.9 months, recent symptomatic decompensation, 
om-limiting angina pectoris, primary pulmonary dis- 
rimary valvular disease and intermittent claudication 
excluded. All patients were taking digitalis and diuretic 
gs, which were maintained at constant dosages for at least 
ks before evaluation. Six patients who had previously 
d vasodilator drugs had these drugs withdrawn at least 
8 earlier. 
udy protocol: Patients were hospitalized for at least 24 
3 before catheterization to ensure a stable medical regi- 
and diet. On the first day, patients performed a prelim- 
xercise test to familiarize themselves with the proce- 
Exercise was performed upright on an electronically 
bicycle ergometer. The initial workload was set at 200 
min and was increased by 100-kpm/min every 3 minutes; 
ise was continued until limiting dyspnea or fatigue. 
the second day, right-sided cardiac catheterization with 
on-tipped thermodilution catheter and radial artery 
ulation were performed. To achieve hemodynamic sta- 
patients were allowed to rest supine for at least 1 hour. 
е measurements included heart rate, arterial pressure, 
onary artery, right atrial and pulmonary capillary wedge 
'es and triplicate thermodilution cardiac output. He- 
amic values were measured with the patient supine and 
'ements were repeated after sitting on the bicycle er- 
for 3 to 5 minutes. Exercise testing was then con- 
using the same protocol as during the practice session 
ibed above. During exercise, the electrocardiogram, ar- 
ind pulmonary artery pressures were continuously 
tored. The end-expiratory pulmonary capillary wedge 
€ or, if that was unavailable, the pulmonary artery 
lic pressure was used as a measure of LV filling pressure. 
odilution cardiac output was measured in triplicate 
the final 2 minutes of the highest completed exercise 
the practice session, and repeated immediately before 
rmination of the test. Arterial and pulmonary artery 
as measurements and hemoglobin concentration were 
ured at rest and at peak exercise. The arteriovenous О» 
ice was determined from the O» saturation and he- 
| content, and O» consumption was calculated from 
nous di and cardiac output. 








... groups, nor did pulmonary 





| at rest in all patients 
and during maximal exercise in 15. LV and RV ejection 
fractions (EF) were calculated by methods previously 
described.!01! 

Long-term follow-up: After hospital discharge all patients 
were followed in a heart failure research clinic for a minimum 
of 1 year. All patients continued treatment with digitalis and 
diuretic drugs. Additionally, all patients received vasodilator 
drugs after the initial hospitalization. Ten patients were 
treated with a combination of hydralazine and oral isosorbide 
dinitrate and 17 received captopril. 

Statistical analyses: The significance of changes in he- 
modynamic measurements between rest and exercise was 
assessed using paired t tests. Differences between patient 
groups defined by exercise capacity were evaluated by un- 
paired t tests. The relation between hemodynamic measure- 
ments and exercise capacity was examined by linear regression 
analysis. Because a total of 12 variables were correlated with 
maximal О» consumption (VOsmax) at rest and during exer- 
cise, the Bonferonni correction was used to avoid type 1 er- 
rors.!? As a result, a p value «0.004 was required for a corre- 
lation to be considered statistically significant. Survival curves 
were constructed and analyzed using the life-table method. 
All data were expressed as mean + standard deviation. A p 
value of «0.05 was considered statistically significant. 


Results 


Rest and exercise hemodynamic measurements are 
summarized in Table I. At rest, the mean pulmonary 
capillary wedge pressure was 26 + 6 mm Hg, mean 
cardiac index was 2.1 + 0.4 liters/min/m? and LVEF was 
22 + 16%. During exercise, the pulmonary capillary 
wedge pressure increased to 37 + 7 mm Hg and cardiac 
index to 3.4 + 0.7 liters/min/m?, Patients increased their 
heart rate from 85 + 17 beats/min at rest to 125 + 14 
beats/min at peak exercise, but stroke volume index did 
not change significantly. LVEF decreased during ex- 
ercise in 8 patients and increased slightly in 7. No new 
segmental wall motion abnormalities were observed in 
any patient as an effect of exercise. 

Differences between patient groups with severe 
vs moderate impairment of exercise capacity: To 
determine whether significant differences in hemody- 
namic indexes of LV function existed between patients 
with better and those with poorer exercise tolerance, the 
patients were separated into 2 groups based upon their 
VOsmax. Group 1 consisted of 13 patients with a 
VOsmax of less than 10 ml/min/kg (mean 8.5 + 0.8); 
group 2 consisted of 14 patients who achieved a VOomax 
of more than 10 ml/min/kg (mean 13.4 + 1.9). These 
groups did not differ in terms of age or cause and du- 
ration of CHF. Their hemodynamic measurements are 
listed in Table II. 

Group 1 patients had higher heart rates, mean pul- 
monary artery pressures, pulmonary capillary wedge 
pressures and right atrial pressures at rest. Their mean 
cardiac index, stroke volume and stroke work indexes 
were significantly lower than those in group 2 patients. 
LVEF and RVEF at rest were also lower in group 1 pa- 
tients. Mean arterial pressure and systemic vascular 
resistance did not differ significantly between the 2 


vascular resistan 






























Rest 


Maximal workload (kpm/min) 


` The differences in exercise measurements between 
the 2 groups were less marked. However, group 2 pa- 
. tients achieved significantly higher peak heart rates and 
` -higher cardiac, stroke volume and stroke work indexes. 
During maximal exercise, right atrial pressures in- 


— creased to a higher level in group 1 patients. In contrast 


to the measurements at rest, at maximal exercise both 
groups had similar mean pulmonary artery and pul- 
monary capillary wedge pressures, as well as similar 
exercise LVEF and RVEF. Figure 1 illustrates hemo- 
.. dynamic measurements at rest and during exercise for 
. the 2 groups. 

` Relation between measurements of ventricular 
` function and exercise performance: While signifi- 
` eant differences in hemodynamic indexes between the 
© groups of patients with severe and moderate to mild 
impairment of exercise capacity were present, these 
findings do not indicate whether exercise capacity was 
` determined or even related to the hemodynamic mea- 
surements. Therefore, in individual patients the cor- 
relations between hemodynamic variables and VOsmax, 
which was used as the measurement of exercise capacity, 
were examined by linear regression analysis (Table Ш). 

VOsmax correlated closely with both the duration of 
exercise (т = 0.79, p «0.001) and the maximal completed 
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FIGURE 1. Changes from rest to peak € Е 3.0 po : T 30 
exercise in cardiac index (left) and et -^ ~ Е 
pulmonary capillary wedge (PCW) е т 2.0 «os -——T Б g 20 
pressure (right). The 2 groups differed з ~ aa =~ 
significantly in both variables at rest, 28 E MURS о 10 
but only in cardiac index during exer- o в 
. cise. Both groups of patients had sim- о 0 


ilar exercise wedge pressures. ns = not Rest 


significant. 





Group 1 Group 2 pValue Group 1 

HR (beats/min) 91+ 13 81+ 12 <0.05 117 X10 133 + 14 «0.005 
МАР (mm Hg) 8149 85 + 11 NS 90 + 12 98417 NS 
РАР (mm Hg) 42+6 34411 <0.05 51:18 56 i10 NS 
PCW (mm Hg) 30 X4 2836 «0.001 37 +6 37 + 8 NS 
RA (mm Hg) 1224 7+2 «0.001 18 +4 1115 «0.005 
CI (liters/min/m?) 1.9 X 0.4 2.32405 «0.05 2805 3.9 k4 0.6 «0.05 
SVI (ml/beat/m?) 2145 29+7 <0.05 25 ± 5 3147 «0.025 
LVSWI (g-m/beat/m?) 20+ 8 33 + 13 <0.01 26413 35+9 «0.05 
SVR (дупе s cm^5) 1,620 + 340 1,570 + 530 NS 1,140 + 360 970 + 160 NS 
PVR (дупе s cm^5) 290 + 140 230 + 160 NS 220 + 110 230+ 150 NS 
LVEF (96) - 16 + 4 21+4 <0.025 17 +4 19 + 5 NS 
RVEF (%) 19+ 12 2717 # «0.05 21 ±6 25 + 8 NS 
VOomax (mi/min/kg) 84+0.8 132 + 2.0 <0.005 
Exercise duration (min) 7.8 1.5 11.6 + 1.8 <0.001 


. NS = not significant; УОгтах = maximal oxygen consumption; abbreviations as in Table І. 
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Group2 p Value ` 


207 + 64 380 + 67 «0.001 





workload (т = 0.75, р <0.001), the 2 other i їп 
exercise tolerance used. 
None of the variables measured at rest corre а 




























LV filling pressure and VOomax (Fig. 2) achi 
nificance (т = —0.69, p <0.001). There were clos 
relations between exercise hemodynamic variab 
VOomax, namely those between VOsmax and < e 
index (т = 0.82, p «0.001) and heart rate (т = 
«0.001). Calculation of VOomax included the me: 
cardiac index, so these variables are not indep 
However, a similar close correlation was pre 
tween exercise cardiac index and both exercise tim 

= 0.85, p «0.001) (Fig. 3) and maximal co 
Жыр о! (т = 0.80, р <0.001). This relation be 
exercise capacity and the patients’ ability to in 
their cardiac output reflected the heart rate res] 
Thus, VOomax correlated closely (т = 0.77, p € 
with the increase in heart rate between rest and ез 
(Fig. 4), but not with either the exercise stroke v 
or the change in stroke volume. LV filling pr 
during exercise did not correlate significantly wi 
ercise capacity. However, the LV filling presst 
creased to similar levels, between 26 and 44 mm 
every subject. | 

















Exercise 





Group i A 







— A Rest 


Exercise to Exercise 





0.20 0.49 0.18 
—0.58 0.06 0.56 
—0.69* 0.20 0.58 
—0.52 —0.57 —0.24 

0.55 0.82* 0.61 

0.60 0.49 0.22 

0.59 0.55 0.15 
—0.20 —0.18 0.02 
—0.29 —0.22 0.07 

0.41 0.43 0.34 















ве of the multiple correlations with the same variable exam- 
Bonferroni correction was used to avoid type 1 errors. As a 
ly p values «0.004 can be considered significant. 
obreviations as in Table |. 
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E 2. Relationship between the pulmonary capillary wedge (PCW) 
at rest and maximal oxygen consumption (МОзтах). Although 
essure provided the best correlation among measurements at 
nd it was statistically significant, the relation was only 














Relation between exercise cardiac index and the duration 
Similar correlations were found between exercise cardiac 

e maximal workload completed and the calculated 
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survival curves for patients in bot 
2 years after these measurements: O 


group) died within the 6 months after the hemodynamic 
assessment. In contrast, 11 patients (79%) in group 2 
were alive at 1 year, and only 1 patient (7%) died during 
the first 6 months of follow-up. These differences be- 
tween the 2 groups in 6- and 12-month mortality and 
their survival curves were all statistically significant. 


Discussion 


Previous investigators have related exercise tolerance 
to hemodynamic measurements in patients with 
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FIGURE 4. Relation between the increase in heart rate (AHR) between 
rest and exercise and maximal oxygen consumption (VOsmax). The 
AHR is primarily responsible for the close correlation between exercise 
cardiac index and VO max, since stroke volume did not correlate 
closely. 
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chronic, severe CHF,'?-7 although these studies have 
often only examined selected rest or exercise variables. 
We have extended these earlier observations to include 
rest and exercise hemodynamic and radionuclide 
measurements of LV and RV function and related the 
exercise capacity measurements to prognosis. 

In general, our findings are in accord with those of 
previous studies,!-7 which have reported that exercise 
tolerance correlates poorly with hemodynamic and EF 
measurements at rest. Our results also confirm those of 
Higginbotham et al,* who showed not only a lack of 
correlation between rest EF and VOomax, but also no 
relation between the change in EF from rest to peak 
exercise and VOomax. In contrast to others, however, 
we found a significant inverse correlation between 
pulmonary capillary wedge pressure at rest and VOomax 
(т = —0.69, p <0.01). In a recent abstract, Baker et al!? 
reported a relatively loose but significant correlation (r 
= 0.55) between RVEF at rest and exercise capacity. In 
the present study, we found a similar correlation be- 
tween RVEF and VOsmax (r = 0.55), but after cor- 
recting for the number of variables examined, this was 
not statistically significant. Nonetheless, despite these 
poor or, at best, modest relations between hemodynamic 
measurements at rest and exercise capacity, the patients 
with the most severe impairment in exercise tolerance 
clearly had a worse hemodynamic profile. When pa- 
tients were divided into groups based upon VOomax, 
there were significant differences in pulmonary artery, 
pulmonary capillary wedge, and right atrial pressures, 
and in cardiac, stroke volume and stroke work indexes. 
In addition, both LVEF and RVEF were significantly 
lower in the patients with poor exercise tolerance. 

Less information is available about the relation be- 
tween exercise measurements of cardiac function and 
exercise tolerance in CHF. Not surprisingly, the ability 
to increase cardiac index during exercise appears to be 
the major determinant of exercise capacity. This finding 
must be interpreted with caution because these vari- 
ables are not independent with the method used, but 
similar close correlations were found between exercise 
cardiac index and both exercise duration and workload, 
which are independent variables. In addition, Rubin et 
al!4 showed that directly measured VOsmax correlates 
closely with that calculated from the cardiac output and 
arteriovenous О» difference. In patients with chronic, 
severe CHF, stroke volume does not change significantly 
during exercise, and therefore the increase in cardiac 
index is due to an increase in heart rate. Indeed, in our 
patients, the increment in heart rate between rest and 
exercise correlated nearly as well VOgmax with cardiac 
index (Fig. 3). When patients were divided into 2 
groups, those with poor exercise tolerance (group 1) had 
a lower cardiac index, as well as lower heart rates, stroke 
volume index and stroke work index during exercise. 
However, no differences were found in exercise EF. 

Right atrial pressure increased to a higher level dur- 
ing exercise in patients with more severe exercise im- 
pairment, raising the possibility that RV dysfunction 
may be an important limitation to exercise. However, 
if this is the case, RV dysfunction probably reflects the 
severity and chronic nature of LV failure and is a result 
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of either the elevated left atrial pressure or tricuspid 
regurgitation. All patients stopped exercising at similar 
high levels of pulmonary capillary wedge pressure. 
Franciosa et al? also noted that exercise wedge pressure 


was comparable in their patients. Although these 


findings could suggest that exercise is limited by high 
left atrial pressures, which impair pulmonary gas ex- 


change or produce dyspnea, only a few patients dis- | 
continued exercise as a result of dyspnea, and arterial 
О» saturation remained normal. Wilson and Ferraro! - 


studied patients at both maximal and submaximal 


workloads, and although they found similar high pul- — 
monary capillary wedge pressures during both, they — 
concluded that these were probably not the limiting _ 
factor because submaximal exercise could be continued . 


despite the elevated wedge pressure.!^ 


Mortality: The overall mortality rate during the first | 
year in our study population was 40%, which is similar | 
to that of other series of CHF patients.16-1? However, - 
when patients were classified according to exercise ca- 
pacity, group 1 patients had a significantly higher 
mortality than group 2 patients at 12 months (77% vs _ 
14%). Thus, exercise tolerance appears to be a good . 
noninvasive predictor of short-term mortality. These _ 
findings differ from the preliminary results recently . 
reported by Franciosa et al? after a mean of 4 years of | 


follow-up. This difference probably reflects the occur- 
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rence of late deaths іп the group with preserved exercise _ 


tolerance, since our intergroup differences diminished 


over time. Indeed, the 3 group 1 patients who survived 


the first year remained alive in the fourth year of fol- - 


low-up, and many group 2 patients subsequently 


died. 


The lack of correlation between cardiac function, — 


exercise performance, and long-term survival is in 


keeping with a recent study by Wilson et а].!? However, _ 


these investigators also found greater early mortality 


in more symptomatic patients as judged by New York _ 


Heart Association classification. Measurements of ex- · 


ercise capacity provide а more objective assessment of — 


symptoms and LV function?? and may therefore be a 


better indicator of prognosis than clinical classification. — 


From the present data, we cannot further address this 


issue because our study population was small and most — 


of our patients were in New York Heart Association . 


class III, but this should be evaluated in some of the - 


large perspective trials in progress. 
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For your most critical patients . . . 
external pacing buys time. 


Physio Control's new ШЕЕРАК* 8 defibrillator/monitor with 
QUIK-PACE" external pacing cassette safely paces а 
nonperfusing cardiac patient during the critical minutes 
needed to thread a transvenous pacing wire or administer 
drug therapy. This can mean the difference between life 
and death. 


Demand pacing is initiated with impressive ease. 
Continuous current selection allows capture at the lowest 
necessary setting. When the patient is stabilized, decisions are 
made in a confident atmosphere. There's more time for 
exacting procedures. 


Now you can monitor, defibrillate and externally pace with 
one integrated system. There's never been anything like it. 


We're breaking new ground. The LIFEPAK 8 
defibrillator/ monitor with 
QUIK-PACE external pacing cassette 
has no competitors. 


Physio-Control. 
Defining the standard for the next 
generation of defibrillator/monitors. 


Redmond, Washington 98052-1013 USA 
Toll free numbers: Outside Washington, (800) 426-8047 
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ntravenous Lopressor is now accepted as basic protocol — 





for acute MI in more than 350 hospitals. 
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36% reduction of three-month mortality in patients with i 
definite or suspected acute MI in the Göteborg Trial.’ б 
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Treatment should be continued for 1-3 years. : 


Lopressor is contraindicated in patients with a heart rate —45 beats/min; significant heart block greater than first degree (P-R interval 
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20.24 sec); systolic blood pressure <100 mmHg; ог moderate-to-severe cardiac failure. Please see last page for Brief Summary of 





Prescribing Information. 
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SUMMARY 
"UL PRESCRIBING INFORMATION, SEE РАСК- 


ynamically stable patients with definite or sus- 
acute myocardial infarction to reduce cardiovascular 
Treatment with intravenous Lopressor can be initi- 
as soon as the patient's clinical condition allows (see 
СЕ AND ADMINISTRATION, CONTRAINDICA- 


oris contraindicated in patients with a heart rate 
s/min, significant heart block greater than first 
-R interval = 0.24 sec); systolic blood pressure 
S or moderate-to-severe cardiac failure (see 


GS 
ial infarction 
‘aiiure: Sympathetic stimulation is a vital compo- 
pporting circulatory function, and beta blockade 
potential hazard of depressing myocardial con- 
nd precipitating or exacerbating minimai 
ure. 
ting treatment with Lopressor, the hemodynamic 
of the patient should be carefully monitored. If heart 
urs or persists despite appropriate treatment, 
should be discontinued. 
cardia: Lopressor produces a decrease in sinus 
in most patients; this decrease is greatest 
tients with high initial heart rates and least among 
ith low initial heart rates. Acute myocardial infarc- 
icularly inferior infarction) may in itself produce 
cant lowering of the sinus rate. If the sinus rate de- 
ases to < 40 beats/min, particularly if associated with 
e of lowered cardiac output, atropine (0.25-0.5 mg) 
be administered intravenously. If treatment with atro- 
5 not successful, Lopressor should be discontinued, 
cautious administration of isoproterenol or installation 
ardiac pacemaker should be considered. 
Block: Lopressor slows AV conduction and may pro- 
Significant first-(P-R interval 0.26 sec), second-, or 
degree heart block. Acute myocardial infarction also 
heart block. 
rt block occurs, Lopressor should be discontinued 
ne (0.25-0.5 mg) should be administered intra- 
if treatment with atropine is not successful, 
administration of isoproterenol or installation of 
pacemaker should be considered. 
tension: if hypotension (systolic blood pressure 
mmHg} occurs, Lopressor should be discontinued, 
ie hemodynamic status of the patient and the extent of 
il damage carefully assessed. Invasive monitoring 
venous, pulmonary capillary wedge, and arteríal 
25 may be required. Appropriate therapy with fluids, 
notropic agents, balloon counterpuisation, or other 
nt modalities shouid be instituted. If hypotension is 
ted with sinus bradycardia or AV block, treatment 
be directed at reversing these (see above). 
ronchospastic Diseases: PATIENTS WITH 
NCHOSPASTIC DISEASES SHOULD, IN GEN- 
NOT RECEIVE BETA BLOCKERS. Because of 
е beta, selectivity, Lopressor may be used 
extreme caution in patients with bronchospastic 
ise. Because it is unknown to what extent beta,- 
ng agents may exacerbate myocardial 
апа the extent of infarction, these agents 
Id not be used prophylactically. If broncho- 
ot related to congestive heart failure occurs, 
or should be discontinued. A theophylline 
live ora weder] agonist may be administered 
ously, depending on the clinical condition of 
atient. Both theophylline derivatives and beta, 
may produce serious cardiac arrhythmias. 
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Changing the Course 
 ofCardiovascularCare г 


PRECAUTIONS 
General 
Lopressor should be used with caution in patients with im- 
aired hepatic function. 
nformation for Patients 
Patients should be advised to take Lopressor eae and 
continuously, as directed. with or immediately following 
meals. if a dose should be missed, the patient should take 
only the next scheduled dose (without doubling it). Patients 
should not discontinue Lopressor without consuiting the 
Ро 
tients should know how they react to this medicine 
before they operate automobiles and machinery or engage 
in other tasks requiring alertness. Patients should contact 
the physician if any difficulty in breathing occurs. and before 
Sur of any type, the patient should inform the physician 
of dentist that he or she is taking Lopressor. 
Laboratory Tests 
Clinical laboratory findings may include elevated levels of 
serum transaminase, alkaline phosphatase, and lactate 
dehydrogenase. 
Drug interactions 
Catecholamine-depleting drugs (e.g.. reserpine) may have 
an additive effect when given with beta-blocking agents. 
Patients treated with Lopressor plus a catecholamine de- 
letor should therefore be closely observed for evidence of 
ypotension or marked bradycardia, which may produce 
vertigo, syncope, or postural hypotension. 
Carcinogenesis, Mutagenesis, Impairment of 
Fertility 
Long-term studies in animais have been conducted to eval- 
uate toxic effects and carcinogenic potential. In a 1-year 
study in dogs, there was no evidence of drug-induced tox- 
icity at or below oral dosages of 105 mg/kg per day. in 2- 
year studies in rats at three oral dosage levels of up to 800 
mg/kg per day, there was no increase in the development of 
spontaneously occurring benign or malignant neoplasms of 
any type. The only histologic changes that appeared to be 
drug-related were an increased incidence of generally mild 
focal accumulation of foamy macrophages in pulmonary 
alveoli and a slight increase in biliary hyperplasia. Neither 
finding represents symptoms of a known disease entity in 
man. in a 21-month study in mice at three oral dosage levels 
of up to 750 mg/kg per day, benign lung tumors (small 
adenomas) occurred more frequently in female mice receiv- 
ing the highest dose than in untreated control animals. 
There was no increase in malignant or total (benign plus 
malignant) lung tumors, nor in the overall incidence of tu- 
mors or malignant tumors. This 21-month study was re- 
peated, and no statistically or biologically significant 
differences were observed between treated and control 
mice of either sex for any type of tumor. 
Pregnancy Category B 
Reproduction studies have been performed in rats at doses 
up to 55.5 times the maximum daily human dose of 450 mg 
and have revealed no evidence of impaired fertility or 
teratogenicity due to Lopressor. Increased postimplantation 
loss and decreased neonatal survival did occur in the rats 
(threshold between 50 and 500 mg/kg), and distribution 
studies in mice confirm exposure of the fetus when 
Lopressor is administered to the pregnant animal. There are 
no adequate and well-controlled studies in pregnant 
women. Because animal reproduction studies are not al- 
ways predictive of human response, this drug should be 
used ропа pregnancy only if clearly needed. 
Nursing Mothers 
Lopressor is excreted in breast milk in “ small quantity. 
An infant consuming 1 liter of breast milk daily would receive 
a dose of less than 1 mg of the drug. Caution should be 
exercised when Lopressor is administered to a nursing 
woman. 
Pediatric Use 
Safety and effectiveness in children have not been 
established. 


ADVERSE REACTIONS 

Myocardial infarction 

Central Nervous System: Tiredness has been reported in 
about 1 of 100 patients. Vertigo, sleep disturbances, halluci- 
nations, headache, dizziness, visual disturbances, con- 
fusion, and reduced libido have also been reported, but a 
drug relationship is not clear. 

Cardiovascular: in the randomized comparison of 
Lopressor and placebo described in the CLINICAL PHAR- 
M ко чо section, the following adverse reactions were 
reported: 





































































Placebo 


Lopressor 

Hypotension 27.4% 23.2% 
(systolic BP < 90 mmHg) 

Bradycardia 15,9% 6.7% 
(heart rate < 40 beats/min} 

Second- or 4.7% 4.7% 
third-degree heart block 

First-degree 5,3% 1.9% 
heart block (Р-Н = 0.26 sec) 

Heart failure 27 5% 29.6% 


iratory: Dyspnea of pulmonary origin has been re- 
ported in fewer than 1 of 100 patients. 

Gastrointestinal: Nausea and abdominal pain have 
been reported in fewer than 1 of 100 patients. 

Dermatologic: Rash and worsened psoriasis have been 
reported, but a drug relationship is not clear. 

Miscellaneous: Unstabie diabetes and claudication have. 
been reported, but a drug relationship is not clear. 

Potential Adverse Reactions 

А variety of adverse reactions not listed above have been 
reported with other beta-adrenergic blocking agents and 
should be considered potential adverse reactions to 
Lopressor. 

Central Nervous System: Reversibie mental depression 
progressing to catatonia; an acute reversible syndrome 
characterized by disorientation for time and place, short- 
term memory loss, emotional lability, slightly clouded sen- 
sorium, and decreased performance on 
neuropsychometrics. 

Cardiovascular: intensification of AV block (see CON- 
TRAINDICATIONS). 

Hematologic: Agranulocytosis, nonthrombocytopenic 
purpura, thrombocytopenic te athe 

Reactions: Fever combined with aching 
and sore throat, laryngospasm, and respiratory distress. 


DOSAGE AND ADMINISTRATION 
Myocardial infarction 
Early Treatment: During the early phase of definite or 
suspected acute myocardial infarction, treatment with 
Lopressor can be initiated as soon as possible after the 
patient's arrival in the hospital. Such treatment should be 
initiated in a coronary care or similar unit immediately 
after the patients hemodynamic condition has stabilized. 

Treatment in this early phase should begin with the ; 
intravenous administration of three bolus injections of 5 mg 
of Lopressor each; the injections should be given at 
approximately 2-minute intervals. During the intravenous 
administration of Lopressor, blood pressure, heart rate, 
and electrocardiogram should be carefully monitored. 

in patients who tolerate the full intravenous dose 
(15 mg), Lopressor tablets, 50 mg every 6 hours, should 
be initiated 15 minutes after the last intravenous dose and 
continued for 48 hours. Thereafter, patients should receive 
a maintenance dosage of 100 mg twice daily (see Late 
Treatment below). 

Patients who appear not to tolerate the full intravenous 
dose should be started on either 25 mg or 50 mg every 
6 hours (depending on the degree of intolerance) 15 
minutes after the last intravenous dose or as soon as 
their clinical condition allows. in patients with severe 
intolerance, treatment with Lopressor should be dis- 
continued (see WARNINGS) 
Late Treatment: Patients with contraindications to treat- 
ment during the early phase of suspected or definite 
myocardial infarction, patients who appear not to tolerate 
the fuil early treatment, and patients in whom the physician 
wishes to delay therapy for any other reason should be — .. 
started on Lopressor tablets, 100 mg twice daily, as soon 
as their clinical condition allows. Therapy should be 
continued for at least 3 months. Although the efficacy of 
Lopressor beyond 3 months has not been conclusively 
established, datà from studies with other beta blockers 
suggest that treatment should be continued for 1-3 years. 
Note: Parenteral drug products should be inspected .. 
visually for particulate matter and discoloration 
prior to administration, whenever solution and con- 
tainer permit. 
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`. To assess the role of arginine vasopressin (AVP) in 
congestive heart failure (CHF), 10 patients with CHF 
refractory to conventional treatment were studied 
before and 60 minutes after intravenous adminis- 


^. tration of 5 ug/kg of d(CH;)sTyr(Me)AVP, a specific 


antagonist of AVP at the vascular receptor level. 
Heart rate, systemic arterial pressure, pulmonary 
arterial pressure, pulmonary capillary wedge 
pressure, cardiac index by thermodilution and cu- 
taneous blood flow by laser-Doppler technique were 
measured. In 9 patients with no significant hemo- 
. dynamic and cutaneous blood flow response to the 

_ AVP antagonist, baseline values (mean + standard 
deviation) were: heart rate, 77 + 14 beats/min: 
systemic arterial pressure, 120/79 + 18/8 mm Hg; 
pulmonary arterial pressure, 42/21 + 12/8 mm Hg; 
pulmonary capillary wedge pressure, 19 + 7 mm Hg; 
cardiac index, 2.2 + 0.6 liters/min/m?; plasma AVP, 


The role of the increased systemic vascular resistance 
in patients with congestive heart failure (CHF) may be 
viewed as an adaptative mechanism to a low cardiac 
output, or as a sustaining component of the congestive 
state. Several factors may contribute to this increased 
peripheral resistance: enhanced sympathetic tone,!-? 
enhanced generation of angiotensin 1,4-8 sodium re- 
tention within the wall of the vessels,’ or increased levels 
of plasma arginine vasopressin (AVP).!9-1? The use of 
sympatholytic agents!?-1? and specific inhibitors of the 
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Acute Hemodynamic Effect of a Vascular " 
Antagonist of Vasopressin in Patients 
with Congestive Heart Failure 
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2.3 + 0.8 pg/ml; and plasma osmolality, 28 
mosm/kg HzO. The tenth patient had the m 
vere CHF. His plasma AVP level was 55 pg 
plasma osmolality was 290 mosm/kg. He res 
to the AVP antagonist with a decrease in s 
arterial pressure from 115/61 to 79/41 m 
pulmonary arterial pressure from 58/31 to 
mm Hg and in pulmonary capillary wedge : 
from 28 to 15 mm Hg. Simultaneously, cardia 
increased from 1.1 to 2.2 liters/min/m? an 
rate from 113 to 120 beats/min; cutaneous. 
flow increased 5-fold. Thus, most patients witl 
have only moderately elevated plasma AVP 
and the role of AVP in determining peripheral 
lar resistance appears to be limited. AVP may 
important in rare patients who present with m 
hemodynamic instability and very high plasm: 
levels. (Am J Cardiol 1985;55: 1043. 





























renin-angiotensin system*16-?? in patients wit 
has resulted in significant hemodynamic i improvem 
substantiating the pathophysiologic role of : 
factors. Although the plasma AVP levels is eleva 
some patients with CHF,!9-!? its pathophysiologi 
in sustaining a high peripheral resistance remai 
clear. Therefore, we studied the effect of d(CH5 
(Me)AVP, a competitive antagonist of AVP a 
vascular receptor level,” in 10 patients with adv: Т 
СНЕ. 


Methods 


Patient selection: Ten patients (8 men, 2 women) 
22 to 78 years, with New York Heart Association class | 
IV CHF refractory to treatment with digitalis and d 
drugs, were included in this study. Seven patients h 
pathic dilated cardiomyopathy and 3 had coronar 
disease. All reported symptoms ii CHF at least 3m 
duration, апа were receiving {гє 3 
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Plasma 
Osmolality 
(mosm/kg H20) 


` Plasma 
Vasopressin 
(pg/ml) 















2.7 291 
a 293 
2.9 281 
ne 281 
1.3 286 
HS 286 
1.5 289 
ми | 291 
2.9 248 
pr 248 
3.4 289 
ЧЁ 284 
2.8 298 
x 302 
1.8 286 
фе 282 
1.6 284 
мы 293 

2.3 + 0.8 284 + 14 

ne 284 + 15 
| | М5 





* Mean + standard deviation. 
AVP-A = arginine vasopressin antagonist; NS = not significant. 


2 days before investigation. To be included, the patients had 
to be free of angina and recent myocardial infarction. 

. Hemodynamic measurements: An invasive hemodynamic 
study was performed in each patient. A triple-lumen ther- 
modilution Swan-Ganz catheter was passed percutaneously 
through the right femoral vein to the pulmonary artery under 
fluoroscopic guidance. An 18- or 20-gauge catheter was then 
introduced into the right femoral artery. Both catheters were 
connected to 2 transducers positioned at the level of the 
. mid-left atrium. Systemic arterial pressure, pulmonary artery 
pressure, pulmonary capillary wedge pressure, right atrial 
pressure were continuously monitored by digital readout. 
Cardiac output was determined by thermodilution in dupli- 
cate. Cardiac index was calculated correcting for body surface 
` area (liters/min/m?). Systemic and pulmonary vascular re- 
-. gistances were calculated using a standard formula and ex- 

pressed as dynes s cm" 5.22 
Cutaneous blood flow: А probe for continuous measure- 
ment of skin blood flow was applied on the left forearm. The 
skin blood flow was determined with a laser Doppler flow- 
meter (Periflux®, Perimed).2° The blood flow tracings were 
recorded by a Servogor 120 (BBC, Goez). The basis of the skin 
flow measurement is as follows. A laser beam emitted by the 
probe on the forearm is reflected from the moving red cells in 
the skin capillary bed. The output signal from the flowmeter 
is linearly related to the flux of red cells, i.e., the number of 
cells times their velocity. Skin blood flow is then expressed 
arbitrarily as a percentage of the preset maximal gain of the 
flowmeter. 
.. Vasopressin antagonist: The AVP antagonist 1-(B- 
` mercapto-D,8- cyclopentamethylene-propionic acid)2-(0- 
methyl)tyrosine arginine vasopressin or d(CH5)gTyr(Me)- 
AVP?! (synthesized by Ciba-Geigy А.С.) was dissolved, on the 
day of the study, in 0.9% saline solution to achieve a final 
€c entrato. of 100 ug/ml. Before administration, this so- 
| ssed through a Milex CS filter (Milipor, Mol- 
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Men had a marke 








Plasma’ 
' Norepinaphriné 
(ng/ml) 


Activity 
(ng/ml/hr) 









á, 


Ж 


* 


я. A 


WNOONN А Om OOO mt mt mt зә 
<р ол Ол с» HO a WO & ب“‎ O O фм м о 
e 
о 
e 
© 


e 

со 

gi 

e 
S*oooooooooooooooocos!| | 


H-H- 












































venously), this AVP antagonist blocks the vascular eff 
exogenous vasopressin for at least 2 hours.?4 

Protocol: Patients were allowed to rest for at least 
between catheter insertion and initial measurements. С; 
output was determined in duplicate. Two baseline уай 
pressures, cardiac output and cutaneous blood flow we 
tained 15 minutes apart. The AVP antagonist was the 
in a bolus intravenous injection of 5 ug/kg. Pressures 
cutaneous blood flow were monitored and recorded eve 
minutes thereafter for 1 hour. Cardiac output was dete 
at 30 and 60 minutes after injection. Blood samples 
drawn through the proximal lumen of the Swan-Ganz ca 
immediately before and 60 minutes after the administr 
of the AVP antagonist. 

Humoral measurements: Plasma AVP* and re 
tivity were measured by radioimmunoassay. Plasma 
cholamine levels were determined with a radioenzy 
method?’ and plasma osmolality using an osmometer e 
Giessen). 

Statistical analysis: All results are expressed as mı 
standard deviation. The hemodynamic and humoral da 
observed at peak effect were compared to the baseline : 
using the paired t test, since each patient was his: 
control.?8 Е 


Results 


No patient had adverse reactions to the adminis 
tion of the AVP antagonist. In 9 patients (n 
sponders), the investigational compound had no 
sistent effect on the hemodynamic and hur 
variables measured (Tables I and П). Plasm: 
cholamine levels were elevated in most of the pa 
whereas plasma AVP concentration and plasm: 
activity were high in only a few. Only 1 pa 













dyness cm”, “His fi illing, arterial 
ary pressures all fell dramatically. At the 
his cutaneous blood flow increased 5-fold. 
he only patient with markedly elevated values 
ma catecholamines, renin and AVP (Table II). 
ally, the patient had been in chronic CHF for 
1 months, refractory to medical therapy. However, 
morning of the study he became more dyspneic, 
pneic and obtunded. On examination, he was 
ely sick and dyspneic, with a blood pressure of 
) mm Hg and a pulse rate at 100 beats/min. His 
ities were cold, pale and cyanotic. He had marked 
ar distention. On auscultation, a prominent B3 and 
se bilateral pulmonary rales were heard. Thirty 
es after the administration of the AVP-antago- 
he patient' s extremities became pink and warm. 
atient, however, remained dyspneic, obtunded, 
d of an irreversible episode of ventricular fi- 
ion 2 hours later. On postmortem examination, 
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1. Pressure and cardiac output responses to the administration 
ginine vasopressin (AVP) antagonist. Mean systemic arterial 
kn mean P arterial pressure (PAP), pulmonary 
SWP) and t ight atrial pressure (RAP) ali Toi 
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Discussion 


Although plasma AVP is elevated in some patients 
with CHF,!°-!2 its pathophysiologic role in this syn- 
drome is speculative. Some clinical evidence indicates 
that an elevation of plasma AVP may be at least partly 
responsible for the development of hyponatremia, often 
seen in patients with severe CHF.19-1? However, other 
mechanisms may be involved.??29 Whether AVP con- 
tributes to the high peripheral resistance in patients 
with CHF is not known. The synthesis of a specific an- 
tagonist of AVP at the vascular receptor made it pos- 
sible to study indirectly the role of AVP in that setting. 
Our results suggest that in most patients with class III 
and IV CHF, AVP is hardly involved in sustaining the 
high peripheral resistance. The moderate elevation of 
plasma AVP seen in some patients is comparable to that 
reported by other investigators and may be expected to 
exert little effect at the vascular level. However, in the 
patient with marked hemodynamic instability, the very 
high circulating AVP apparently caused considerable 
peripheral vasoconstriction. 

Therapeutically, reversal of high peripheral resistance 
by specific inhibitors of the renin-angiotensin sys- 
tem,*16-20 sympatholytic agents!3-15 or other vasodi- | 
latorg31,32 has produced short- and long-term symp- 
tomatic and hemodynamic improvement in patients 
with CHF. In contrast, based on the results of the 
present study, it appears that blockade of the vascular 
effect of AVP as a therapeutic approach to CHF is 
probably of limited value. The AVP antagonist had a d 
pronounced acute vasodilating effect in only 1 patient 
with marked hemodynamic instability and very high — 
circulating AVP levels. In this patient, although the 
workload on the heart was reduced, we cannot rule out 
the possibility that the AVP antagonist increased blood 
flow, predominantly to non vital organs??; that such a 
regional blood flow redistribution may have occurred _ 
in our patient i is suggested by the marked progressive 
increase in skin blood flow after administration of the 
AVP antagonist. The subsequent occurrence of ven- 
tricular fibrillation in this patient is probably unrelated ` 
to the blockade of the vascular AVP receptors. Never- 
theless, in very unstable patients with CHF the AVP 
antagonist should be used with utmost caution until 
more is known about the cardiovascular role of AVP in 
this situation. 


Acknowledgment: We thank Y. Parisod, К. Bühler, A. Е. 
Stalé and А. Campiche for technical and secretarial assistance. 
The AVP antagonist was synthesized by Dr. B. Kamber, 
Ciba-Geigy Ltd., Basel. 


References 


1. Genest J, Granger P, de Champlain J, Boucher R. Endocrine factors in ET 


congestive heart failure. Am J Cardiol 1968; 22:35—43. А 
2. Chidsey СА, Braunwald E, Morrow AG. Catecholamine excretion and - 
cardiac stores of norepinephrine in сү heart failure. Am J Med. 
1965;39:442-451,: DY bik x | 






















pletion. Circulation 1968;38: — 19. 









































































Turini GA, Brunner HR, Ferguson RK, Rivier E Gavras H. Congestive heart severe ‘congestive hear | ; 
| failure in normotensive man: hemodynamics, renin and angiotensin Il 20. Levine TB, Franciosa JA, Cohn JN. "Konto and k 
. blockade. Br Heart J 1978;40: 1134-1142. oral converting enzyme inhibitor, captopril, in conges 
‚5. Curtiss C, Cohn JN, Vrobel TR, Franciosa JA. Role of the renin-angiotensin Circulation 1980;62:35-4 1. n 
. System in the sy stemic vasoconstriction of chronic congestive heart failure. 21. Kruszynski M, Lammer B, Manning M. [1-(8-Mercaptoĝ, - 
Circulation 1978; 58:763-770. ethylenepropionic acid), 2-(0-methyl)] tyrosine arginine уа 
Turini GA, Brunner HR, Gribic M, Waeber B, Gavras H. improvement of [1-(8-mercapto-, B-cyclopentamethylenepropionic acid) 
chronic congestive heart faiture by oral captopril. Lancet 1979;1:1213- sopressin, two highly potent antagonists of the vasopressor 
1218. arginine-vasopressin. J Med Chem 1980;364-—368. | 
: Brown JJ, Davies DL, Johnson JW, Lever AF, Robertson JIS. Renin rela- 22. Grossman W, McLaurin LP. Clinical measurement of vasculz 
tionships in congestive cardiac failure, treated and untreated. Am Heart J and assessment of vasodilator therapy. in: Grossman М. Ө 
. 1970,80:329-342. — Catheterization and Angiography. Philadelphia: Lea & Feb 
‚ Levine TB, Francis GS, Goldsmith SR, Simon AB, Cohn JN. Activity of the 116-123. | 
plasma horm nervous system and renin-angiotensin system assessed by 23. Nilson GE, Teniand T, Oberg PA. Evaluation of a laser Dopp 
asma hormone levels and their relation to hemodynamic abnormalities for measurement of fissue blood flow. IEEE Trans Biomed Е 
-in congestive heart failure. Am J Cardiol 1982;49:1659- 1666. 1980;597~604. 
| Zelis R, Delea cs, Coleman HN, Mason DT. Arterial sodium content in 24. Bussien JP, Waeber B, Nussberger J, Schaller MD, бауга 
€ experimental. congestive heart failure. Circulation 1970;41:213-216. K, Brunner HR. Does vasopressin sustain blood pressure of 
10. Szatalowics VL, Arnold PE, Chaimovitz C, Bichet D, Berl T, Schrier RW. drated healthy volunteers? Am J Physiol 1984:246:H143-H1 
Radioimmunoassay of plasma arginine vasopressin in hyponatremic patients 25. Brunner DB, Burnler M, Brunner HR. Plasma vasopressin in: 
with congestive heart failure. N Engl J Med 1981;305:263--266. of sodium, angiotensin, and catecholamines. Am J Phys 
11. Riegger GA, Liebau б, Kochsiek К. Antidiuretic hormone in congestive H259-H265. 
. heart failure. Am J Med 1982;72:49~52. 26. Sealey JE, Gerten-Banes J, Laragh JH. The renin system: 
12. Goldsmith SR, Francis GS, Cowley AW, Levine TB, Cohn JN. increased measured by radioimmunoassay or bioassay. Kidney int E 
plasma arginine vasopressin levels in patients with congestive heart failure. 253. 
JACC 1983;1:1385—1390. 27. Peuler JD, Johnson GA. Simultaneous single isotope radioenzi 
13. Awan NA, Miller RR, Miller MP, Specht K, Vera Z, Mason DT. Clinical of plasma norepinephrine, epinephrine and dopamine. Life oe 
pharmacology and therapeutic application of prazosin in acute and chronic 625-636. 
refractory congestive heart failure. Am J Med 1978;65: 146-154. 28. Zar JH. Biostatistical Analysis. Englewood Cliffs, NJ: Prentic 
Маја PA, Sharma B, Taylor SH. Phentolarnine for vasodilator treatment 121-124, 189-208. i 
. of severe heart failure. Lancet 197 1;2:7 19-723. 29. Bell NH, Sched! HP, Bartter FC. An explanation for abnormal wal 
Colucci WS, Wynne J, Holman BL, Braunwald Е. Long-term therapy of heart and hypoosmolality in congestive heart failure. Am J Med 196 
failure with prazosin: 'A randomized double blind trial. Am J Cardiol 1980; 360. 
45:337—344. 30. Schrier RW, Berl T. Nonosmolar factors affecting renal water 
Davis R, Ribner HS, Keung E. Sonnenblick EH, LeJemtel TH. Treatment N Engl J Med 1975;292:81-88, 141-145. E 
of chronic congestive heart failure with captopril, an oral inhibitor of an- 31. Guiha NH, Cohn JN, Mikulic E, Franciosa JA, Limas CJ. Tre { 
iotensin-converting enzyme. N Engl J Med 1979;301:117-121. fractory heart failure with infusion of nitroprusside. N Engl. 
Tarazi RC, Fouad FM, Ceimo JK, Bravo EL. Renin, aldosterone and cardiac 29 1:587-592. | 
decompensation: studies with an oral converting enzyme inhibitor in heart 32. Pierpont GL, Cohn JN, Franciosa JA. Combined oral hydrala; 
failure. Am J Cardiol 1979;44: 1013-1018. therapy in left ventricular failure. Hemodynamic equivalency to 
Ader R, Chatterjee K, Ports T, Brundage B, Hiramatsu B, Parmley W. troprusside. Chest 1978:73:8-13. _ 
Immediate and sustained hemodynamic anc clinical improvement in chronic 33. Liard JF, Dériaz P, ‘Schelling Р. Thibonnier M. Cardiac output 
heart failure by an oral angiotensin-converting enzyme inhibitor. Circulation during vasopressin infusion or dehydration in conscious dogs. А 


1980;6 1:93 1-937, 1982;243:H663-H665. 






















ctive and total left ventricular (LV) stroke vol- 
е were assessed in 31 patients with verified 
с or mitral regurgitation, or both, and in 22 pa- 
S with normal valvular function using combined 
pass and equilibrium radionuclide ventricu- 
iphy. The difference between these 2 volumes 
fraction of LV stroke volume was taken as the 
nuclide regurgitant fraction. The results were 
npared with the LV/right ventricular (RV) stroke 
ratio and with the angiographic regurgitant 
ion according to the method of Sandler and 
je. Radionuclide regurgitant fraction derived 
2 determinations with a time interval of 1 week 
ied good reproducibility (n = 15, r = 0.96, SEE 
.1). Sensitivity was 10096 for radionuclide 
rgitant fraction and 87 % for LV/RV stroke count 
at equal specificity (10096). Radionuclide 





everity of aortic (AR) or mitral regurgitation (MR) 
en difficult to assess. Classification is possible by 
ating the amount of regurgitated contrast medium 
g cardiac catheterization.!-* More quantitative 
rmation is obtained by the method of Sandler and 
е5:6; The regurgitated blood volume is calculated 
the difference between angiographically assessed 
entricular (LV) stroke volume and effective for- 
stroke volume determined by Fick’s principle. 
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regurgitant fraction was more sensitive, especially 
in severely ill patients, in whom additional RV vol- 
ume overload led to false-low or false-negative ra- 
tios. Angiographic and radionuclide regurgitant 
fraction showed linear correlation (r — 0.79, p 
« 0.001). In contrast, because 5 patients had RV 
volume overload, only a weak correlation could be 
noticed between angiography and LV/RV stroke 
count ratio (r — 0.47, p «0.05). Excluding these 
patients, correlation substantially improved (r — 
0.74, p « 0.001). The combination of first-pass and 
equilibrium radionuclide ventriculography is a sen- 
sitive, specific and well reproducible method for the 
evaluation of mitral and aortic regurgitation. it is 
superior to LV/RV stroke count ratio, especially in 
patients with additional right-sided heart failure. 
(Am J Cardiol 1985;55:1048-—1053) 


To investigate seriously ill patients and for follow-up 
studies, the noninvasive determination of radionuclide 
LV/right ventricular (RV) stroke count ratio is of great 
practical value.^-!^ Because the sensitivity of this 
variable is limited,!91513.14 we investigated whether 
separate assessment of effective and total LV stroke 
volume by combined first-pass and equilibrium radio- 
nuclide technique is more accurate. This procedure was 
suggested by Van Dyke et al" and Weber et а!!6 in 1972. 
A systematic examination in patients with MR or AR 
or both has not been performed previously. 


Methods 


Patients: Thirty-one of 44 patients in whom pure MR or 
AR or both was diagnosed by preoperative cardiac catheter- 
ization between 1981 and April 1984 agreed to participate in 
the study (group 1, mean age 45 + 13 years). Four men г 










our а. 9 patients were investigated twice, with an 
interval of 1 week between studies. The diagnosis was con- 
firmed in 30 patients by cardiac catheterization (injection of 
contrast medium into the aortic root or the left ventricle, re- 
spectively), and in 1 patient clinically and at autopsy. 
Twenty-two unselected patients with coronary heart disease 
served as controls (group 2, mean age 53 + 7 years). MR and 
AR were excluded by left ventriculography and aortography. 
Six patients underwent repeat investigation 1 week later in 
order to study reproducibility in patients with normal valvular 
function. 

Cardiac catheterization: LV catheterization and aortic 
cineangiography were performed in 52 of 53 patients. Left 
ventriculography was carried out during deep inspiration (32 
frames/s) in the left anterior oblique (LAO 60?) and right 
anterior oblique (RAO 30?) positions using 30 to 50 ml of so- 
dium meglumine midotrizoate (Urografin 76%). Total LV 
stroke volume could be calculated in 22 of 31 patients in group 
1 using the biplane technique.’ Premature ventricular com- 
plexes were excluded from calculation. In 26 patients, addi- 
tional right-sided cardiac catheterization was performed 
immediately before aortic cineangiography and left-sided 
cardiac catheterization. Cardiac output was evaluated by the 
Fick method using oxygen samples of aortic and pulmonary 
blood. Effective stroke volume was calculated from the mean 
heart rate registered during the measurement of cardiac 
output. 

In 9 patients in group 1, total LV stroke volume could not 
be calculated because the magnification factor, used to eval- 
uate LV volumes, was not determined for technical reasons 
(to abbreviate the investigation, after the appearance of 
sudden arrhythmias). 

Angiographic stroke volume ratio was defined as total LV 
stroke volume divided by effective stroke volume. The dif- 
ference between total and effective stroke volume as a fraction 
of total LV stroke volume was taken as angiographic regur- 
gitant fraction. 

LV end-diastolic filling pressure, mean pulmonary artery 
and right atrial pressure were measured in 25 patients. 

Radionuclide ventriculography: Patients with critical 
hemodynamic conditions underwent cardiac catheterization 
and radionuclide ventriculography within 2 days (n = 3), and 
all others within 20 days. 

Technical aspects: Data acquisition and processing were 
performed by a Picker small-field-of-view gamma camera 
fitted with a high-sensitivity, parallel-hole collimator and an 
Informatek computer SIMIS 3. In vivo labeling of the red 
blood cells was performed by injecting 15 mCi of techne- 
tium-99m into a brachial vein in a bolus of less than 2 ml, 
followed by a flush injection of saline solution.!® Ten minutes 
later, equilibrium radionuclide ventriculography was carried 
out over a period of 5 minutes (64 frames/cycle, 32 X 32 pix- 
els). During the first-pass study the gamma camera was in left 
anterior oblique 30 to 40? position. For equilibrium study it 
was corrected, if necessary, to achieve a precise separation of 
the ventricular septum. No caudal tilt was used. 

Data processing: Effective stroke volume (SVeff) was cal- 
culated automatically from the first pass of the tracer: Using 
time intervals of 1 second, the time-activity curve of the left 
ventricle was generated. The downslope of the dilution curve 
< was extrapolated to baseline by a monoexponential fit. Two 
.. minutes later, equilibrium activity (ca) of the tracer was taken 
in the same camera position. Áccording to the formula: 
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band activity and blood ү 
momentary heart rate (HR) and the integr 
lated time-activity curve.!?1619, Blood volume was 
from height, weight and sex of the patient?? which ү 
routine application of this technique in our laborat 
Total LV stroke volume was derived from the equi 
study. Global LV ejection fraction and LV end-diast 
ume were calculated by a fully automated comput 
gram.*!.22 Briefly, the true outline of the lateral wall о 
ventricle and the ventricular septum were obtained usi 
local maximum of the second derivative of the end-diz 
image; the separation between atria and ventricle 
achieved using the stroke volume image on account: 
change from positive to negative stroke counts. Glo 
ejection fraction (EF) was calculated as: | 






















































counts (end-diastole) — counts (ond ауар 
counts (end-diastole) — counts (background 


Background activity was taken sectorially in the e 
{ойс image outside the LV region of interest, but onl 
lateral wall. LV end-diastolic volume (EDV) was cal 
by a geometric approach, as described recently”: Т 
of the region of interest was horizontally divided i in | 
tangular slices, each having the height of 1 image elem 
cylinder of revolution was calculated from each of these 
The sum of the cylinders was taken as EDV units. Т 
bration factor, necessary to calculate absolute volum 
previously determined.?? 

Radionuclide regurgitant fraction was calculated fro 
difference between total and effective stroke volum. 
fraction of total LV stroke volume: 


EF - EDV — SVeff 
EF - EDV 


In an earlier study 15 patients with angiographically n 
valvular function showed regurgitant fractions of less 
20% (normal range). | 

The LV/RV stroke count ratio was determined semia 
matically: Using the same computer program described ab 
the RV region of interest was defined. However, becau: 
difficulties in finding the exact RV boundaries, the comp 
proposed several isocontour levels in the stroke volume irr 
The best isocontour level was chosen manually. Endsys 
counts were taken at the nadir of the individual LV an 
time-activity curves. Accordingly, LV/RV stroke count 
was calculated as: | 


LV (counts (end-diastole — end-systole)) 
RV (counts (end-diastole — end-systole)) 


(normal range in our laboratory: 0.7 to 1.7). | 

Roentgenographic heart volume: In 24 patients ro 
genographic heart volume was calculated using 2 orthog 
chest x-ray pictures, which were taken in lying positiot 
a swallow of barium sulfate.?? It was standardized on al 
surface of 1.73 m?. | 

Evaluations of data were blinded through all ae th 
procedures. | 

Statistical analysis: Data are presented as mean + 
dard deviation. The radionuclide and angiographic data 
the data from the reproducibility studies were compa 
linear regression analysis. Further, standard error of esti 
tion was calculated. Differences between 2 groups wert 
uated by the 2-tailed ¢ test for paired and unpaired da 





Results | 
Sensitivity and specificity: Radionuclide г 
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* left ventricular end-diastolic volume; EF = left ventricular 
fraction; L/R = radionuclide left ventricular/right ventricular 
unt ratio; RF = regurgitant fraction (96); RV = regurgitated 
ume (mi); SD = standard deviation; SVeff = effective stroke 
mi). 


ed heart regurgitation (sensitivity 100%). On the 
side, values were within normal range in all control 
s (specificity 100%). In contrast, LV/RV stroke 
atio revealed pathologic values only i in 27 of 31 
ts with MR or AR or both (sensitivity 87%). 
al ratios were observed in all 22 controls (speci- 
00%) (Table 1). 

'oducibility of the radionuclide data: Table 
ummary of the radionuclide data determined 
ime interval of 1 week. Figure 1 shows results for 
gurgitated blood volume. All evaluated variables 
vell reproducible. 

‘relation between angiographic and scinti- 
hic data: Table III lists the mean, standard devia- 
d range of invasive and radionuclide data and the 
ion coefficients and standard error of estimation 
n these 2 methods. The relation between angio- 
ically and scintigraphically determined regurgi- 
ction is presented in Figure 2. All values corre- 
closely except stroke volume ratio (Fig. 3). In 3 
ts (2 of whom had tricuspid regurgitation verified 
ntrast echocardiography) angiographic stroke 





investigation 


A: Controls 

e: aortic / mitral 
regurgitation 

r*0,99 {р<о, 001) 

y= 4.8 +0, 87 x 

SEE= 13,5 

n= 15 
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"and Six ontrol Subjects 5 Studied тысе 1 Week 
Apart 











r p Value SEE 





LV end-diastolic volume 0.98 0.001 33 
Global LV ejection fraction 0.95 0.001 7 
Total LV stroke volume 0.99 0.001 14 
Regurgitated blood volume 0.99 0.001 13 
Regurgitant fraction 0.96 0.001 9 
LV/RV stroke count ratio 0.99 0.001 0.2 





LV = left ventricular; RV = right ventricular; SEE = standard error 
of the estimate. 


volume ratio was at least 2596 higher than the scinti- 
graphic ratio. Two other patients had normal scinti- 
graphic ratios while suffering from moderate AR or 
MR. When excluding these false-low or false-negative 
scintigraphic cases, the correlation substantially 
improved. 

Characteristics of patients with discrepant 
LV/RV stroke count ratios: We formed a ‘subset of 
patients comprising the above mentioned 5 cases and 
2 further patients with regurgitation of contrast medium 
into the left ventricle or atrium while showing normal 
scintigraphic ratios. We compared their heart volume, 
LV end-diastolic filling pressure, LV ejection fraction 
and mean pulmonary artery and right atrial pressure 
with values of the remaining patients (Table IV). 


Discussion 


Determination of the severity of MR or AR can be 
difficult. For follow-up studies and examinations of 
seriously ill patients a noninvasive, sensitive, specific 
and reproducible diagnostic procedure is required. 
However, the accuracy of a newly developed regurgi- 
tated blood volume measurement is difficult to check 
because no reliable standard is available. 

Angiographic methods: The method of Sandler and 
Dodge? generally accepted as the method of reference, 
is considerably prone to errors. À simultaneous deter- 
mination of effective and total LV stroke volume shows 
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FIGURE 2. Correlation between the angiographic and scintigraphic. 
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regurgitant асло. in 22 patients with mitral or aortic regurgitation 
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Mean + SD Range п Меап SD Range m r 

























-EDV 22 347 + 139 133-620 31 399 157 123-720 0.90 
V EF 22 64+ 19 28-82 31 50 20 10-81 0.93 
` SVetf 22 70 + 27 18-127 31 72 31 10-143 0.72 
: RV 22 136 + 71 19-269 31 110 76 18-324 0.83 
ВЕ чл 59 + 15 28-85 31 57 18 23-88 0.79 
LR 3.0 + 1.4 1.4-6.9 1.6 0.9-8.3 0.46 
: 2. 6 + 0. 8 1.44.2 1.1 1.8-4.9 0.74 











ШВ" = р volume ratio ina subset of patients without signs of right ventricular volume overload. 
. n = number of patients; other abbreviations as in Table |. 















TABLE IV Data of Patients with False-Low or False-Negative Scintigraphic Left 
Ventricular/Right Ventricular Stroke Count Ratios Versus Data of Patients 
with Comparable Results 

















Comparable Discrepant 
n Mean SD n Mean SD p Value 
Heart volume 18 1038 151 6 1456 317 0.001 
LVEDP 18 19 7 6 28 CO 8 0.01 
EF 24 55 17 7 34 20 0.01 
PA 18 24 10 6 36 6 0.001 
RA 18 7 3 6 12 6 0.01 





EF = radionuclide left ventricular ejection fraction; LVEDP = left ventricular end-diastolic filling pressure; 
= number of patients; PA = mean pulmonary artery pressure; RA = mean right: atrial pressure; SD = 


standard deviation. 


.. results of no practical value, because of influences of the 
- contrast medium. Measurement of effective and total 
`` Stroke volume at different times requires constant heart 
rate and pressure values, which are difficult to realize. 
- Slutsky et al?’ reported that even 1 injection of contrast 
. medium into the left ventricle can cause a marked in- 
.. crease of end-diastolic filling pressure. Thus, regurgitant 
fraction can be considerably influenced. 
Combined first-pass and equilibrium radionu- 
.elide ventriculography: Combined first-pass and 
‘equilibrium radionuclide ventriculography showed a 
‘sensitivity and specificity of 100%. Mild and severe 
.. regurgitation was reliably and reproducibly diagnosed 
> in all patients. | 










= Ав evaluation was performed by a fully automated киз шы 
- computer program, interobserver variability is low. In са 4 
© only 4 of 53 patients were corrections necessary. In 2 Ratio 


- patients the program suggested insufficient separation 
. between left and right ventricles. In these cases a 
- manual correction of the region of interest was per- 
- formed. In 2 patients the time-activity curve of the 
` first-pass investigation showed a slight double peak 

caused by statistical variance. This caused maladjust- 
` ment of the exponential function at the downslope of 
`: the time-activity curve. By feeding a further point to the 
~ downslope, monoexponential extrapolation was cor- 
ectly performed to baseline. 

Repeat examinations in 15 patients performed with 
‘a time interval of 1 week proved that highly reproduc- 
ible values can be achieved by this method. Variance of 
gurgitant асв was widest 1 in the control group. 










t difference w. only 25 ml, and all йс tients had l ochocardiogr 

























values were within normal range. Reproducibili 
much better in patients who had MR or AR or bot 
greatest difference was 11%, in a patient who had. 
LV dysfunction as a result of congestive cardiom 
thy. Although the drug regimen remained uncha 
between both examinations, we believe that m 
differences can result from slight changes in sy! 
thetic tone and peripheral resistance. Е 

The accuracy of the first-pass and equili 
method we have described has several limitations 

(1) Prediction of blood volume, which is requir 
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e: Aortic regurgitation 

e ^ a: Mitral regurgitation 
® +: Aortic and Mitral regurg 
n= 22; r* 0.47; {р< 0,05); 5 
n* ЇЙ; r= 0,74; ip<o.olh. S 
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FIGURE 3. Relation between angiographic and scintigraphic А 
tricular/right ventricular (LV/RV) stroke volume ratio in 22 patient: 
mitral or aortic regurgitation or both. Only a weak correlation was 
However, 2 patients had aortic or mitral regurgitation even thoug! 
had normal scintigraphic ratios; 3 patients had angiographic 

exceeding the scintigraphic ratio by at least 25%. When excludir 
cases (circle), correlation Substantially. improved. Two of thes 














































patients with marked heart failure. In 
h coronary heart disease, this procedure 
d to overestimation of the actual blood volume. 
r, radionuclide and angiographic effective stroke 
correlated well, confirming the reliability of this 
ach in our patients. 
Geometric models for the assessment of LV end- 
lic volume are of limited value. On average, the 
sen model leads to an overestimation of ventricular 
mes.?? With increasing volume overload as can be 
rved in patients with MR or AR, the left ventricle 
mbles more and more а spheroid.? Corre- 
ingly, this error decreases. These limitations in- 
d several investigators to derive LV volumes by 
t-based methods.?!-3 However, when LV end- 
lic volume exceeds 300 ml, as in 22 of 31 patients 
oup 1, this method becomes inaccurate.™4 As shown 
‘results, angiographic and scintigraphic LV vol- 
and ejection fraction show a close correlation 
erlying the reliability of our approach. 
Similar to the method of Sandler and Dodge, ef- 
ve and total stroke volume are determined at 2 
rent times. Therefore, the above mentioned re- 
tions must be considered as well. However, unlike 
graphy, radionuclide ventriculography will cause 
essential hemodynamic changes. Heart rate only 
tly changed between the first-pass and equilibrium 
estigation. 
A 32 X 32 instead of a 64 X 64 array for data ac- 
tion may yield images of reduced quality. This 
dure was chosen because 64 frames per cycle were 
ed for phase analysis, which is included in our 
uter program (but not of importance in this study). 
wever, data acquisition was performed by a small- 
-of-view gamma camera producing images with 
local resolution. Therefore, values obtained by this 
dure were highly reproducible. 
RV stroke count ratio: In our study overall 
tivity of LV/RV stroke count ratio was 87% and 
cificity was 100%, Patients with false-low or false- 
gative values showed clinical signs of right-sided heart 
е, whereas this was never observed in others. In 5 
patients with discrepant findings, LV ejection 
on was markedly decreased, confirming results of 
d et al.!? Furthermore, LV end-diastolic filling 
sure, mean pulmonary artery pressure, right atrial 
ure and heart volume were markedly increased in 
roup, indicating dilatation of all 4 cardiac cham- 
Ás mentioned earlier, contrast echocardiography 
ierformed in only 2 of these patients, confirming 
pid regurgitation. However, our findings suggest 
unctional pulmonary and tricuspid regurgitation 
resultant RV volume overload may be responsible 
e incorrect LV/RV stroke count ratio in all other 
nts as well. 
nally, problems result from the overlap of right 
m and right ventricle. This is the primary reason 
JV/RV stroke count ratio is normal up to 1.7. 
fore, slight regurgitations as observed in 1 patient 
ssibly not be recognized. 

















effective stroke volume, can be _ 


Comparability of an 


ventriculography: Although we 
catheterization and radionuclide ventriculography 
within a close time interval and did not change drug 
therapy, the comparability of the findings should be 
considered with caution.?? 

Although some theoretical assumptions are necessary 
to evaluate MR and AR by combined first-pass and 
equilibrium radionuclide ventriculography, we believe 
that our procedure is superior to LV/RV stroke count 
ratio, especially in patients with unknown amount of 
additional RV volume overload. 


Acknowledgment: We are indebted to Ingo Brandhorst, 
MD, Joachim Happ, MD, Dieter-Ludwig Munz, MD, Herta 
Miller, Marion Neugebauer, Margarete Osterloh and Rose- 
marie Spanheimer for their valuable assistance in performing 
the investigations, and to Christiane Stenger for helping us 
to prepare the manuscript. 


References 


1. Baron GM. Angiocardiographic evaluation of valvular insufficiency. Cir- 
culation 197 1;43:599--605. 
2. Lyngborg К. Mitral regurgitation. Acta Med Scand 1974;594:suppl:37- 
8. 


3. Honey М, Gough JH, Katsaros S, Miller GAH, Thuraisingham V. Left ven- 
tricular cine-angiocardiography in the assessment of mitral regurgitation. 
Br Heart J 1969;3 1:596--602. 

4. Cohn LH, Mason DT, Ross J Jr, Morrow AG, Braunwald E. Preoperative 
assessment of aortic regurgitation in patients with mitral valve disease. Am 
J Cardiol 1967; 19:177~182. 

5. Sandier Н, Dodge HT. Quantitation of valvular insufficiency by angiocar- 
diography in man (abstr). Clin Res 1960;8:191. 

6. Sandler Н, Dodge HT, Hay RE, Rackley CE. Quantitation of valvular in- 
sufficiency in man by angiocardiography. Am Heart J 1963;65:501-513. 

7. Rigo P, Alderson PO, Robertson RM, Becker LC, Wagner HN Jr. Mea- 
surement of aortic and mitral regurgitation by gated cardiac blood pool 
scans. Circulation 1979;60:306-3 12. 

8. Kress P, Geffers Н, Stauch M, Nechwatal W, Sigel H, Bitter F, Adam WE. 
Bestimmung der Regurgitationsfraktion mit der EKG-getriggerten Herz- 
binnenraumszintigraphie (abstr). Z Kardiol 1979;68;166. 

9. Boucher CA, Okada RD, Pohost GM. Current status of radionuclide imaging 
in valvular heart disease. Am J Cardiol 1980;46:1153—1163. 

10, Lam М, Pavel D, Byron E, Sheikh A, Best D, Rosen К. Radionuclide 
regurgitant index: value and limitations. Am J Cardiol 1981;47:292—298. 

11. Kress Р, Geffers H, Stauch M, Nechwatal W, Sigel H, Bitter Е, Adam WE. 
Evaluation of aortic and mitral valve regurgitation by radionuclide ventric- 
"ebd P sek with the method of Sandler and Dodge. Clin Cardiol 
1 ,4:5—- 10. 

12. Taylor DN, Harris DNF, Condon B, Ogilvie B, Ackery DM, Fleming J, 
Goddard BA. Radionuclide evaluation of valvular regurgitation. Br J Radiol 
1982;55:204-207. 

13. Nicod P, Corbett JR, Firth BG, Dehmer GJ, Izquierdo C, Markham RV Jr, 
Hillis LD, Willerson JT, Lewis SE. Radionuclide techniques for valvular 
regurgitant index: comparison in patients with normal and depressed ven- 
tricular function. J Nucl Med 1982;23:763-769. 

14. Kress P, Miesner H, Sigel H, Wieshammer S, Stauch M, Adam WE. Die 
Radionuklidventrikulographie bei Aorten- und Mitralvitien: Untersuchungen 
vor und nach Klappenersatzoperation. Z Kardiol 1984,73: 1-14. 

15. Van Dyke D, Anger HO, Sullivan RW, Vetter WR, Yano Y, Parker HG. 
са evaluation from radioisotope dynamics. J Мис! Med 1972;13: 

—§92. 

16. Weber PM, dos Remedios LV, Jasko IA. Quantitative radioisotopic an- 

iocardiography. J Мис! Med 1972;13:815--822, 

17. Schulz W, Kaltenbach M. Neues Verfahren zur Bestimmung der Ront- 
genvergrósserung bei angiographischen Ventrikelvolumenbestimmungen. 
2 Kardiol 1978;67:554--558, 

18. Pavel DG, Zimmer AM, Patterson VN. In vivo labeling of red blood ceils 
with 99 m Tc: a new approach to blood pool visualization. J Nucl Med 
1977; 18:305-308. 

19. Parker Н, Weber PM, Van Dyke DC, Davies Н, Steele P, Sullivan Н. 
Evaluation of central circulatory dynamics with the radionuclide angiocar- 
diogram. in: Strauss W, Pitt В, James A Jr, ed. Cardiovascular Nuclear 
Medicine. St. Louis: CV Mosby, 1974:67~100. 

20. Ciba Geigy Ltd. Wissenschaftliche Tabellen. 8th ed. Basie, 198 1:66. 

21. Hor б, Standke В, Maul FD, Munz D. Aquilibrium-Radionuklid-Ventrikulo- 
про bei koronarer Herzkrankheit. Diagnostik 1982;15:116-—122. 

22. Standke R, Hór G, Maul FD. Fully automated sectorial equilibrium radio- 

nuclide ventriculography. Proposal of a method for routine use: exercise 

and follow-up. Eur J Nucl Med 1983;8:77-—83. 

23. Kiepzig Н Jr, Standke R, Nickelsen T, Kunkel B, Maul FD, Hör G, Kalten- 
bach M. Volumetric evaluation of aortic regurgitation by combined first- is 
роса radionuclide ventriculography. Eur Heart J 19845; 


Ы) 








we performed cardiac 





OH H Jr, Frisch P. Roentgenologische Herzvolumbesti timmung. Stuttgart: 
-o Thiene, 1965:7- 16. 
26. Sachs L. Angewandte Statistik. 4th ed. Berlin: Springer, 1974:214-244. 
27. Slutsky R, Higgins C, Costello D, Hooper W, LeWinter MM. Mechanism 
of increase in left ventricular end-diastolic pressure after contrast ven- 
Td in patients with coronary artery disease. Ат Heart J 1983; 
28. Astróm Н, Holmgren A, Jonsson B. Biood volume in angina pectoris. Brit 
“Heart J 1979;41: 477-480. 
< 29. Richter P, Stauch M, Nechwatal W, Bitter F, Adam WE. Bestimmung des 
enddiastolischen Volumens mit der Radionuklidventrikulographie (RNV). 
. Vergleich mit Kontrastventrikulographie (KMV) und einer geometrieunab- 


jj orent 

blood pool scans. Am J | Cardiol 1980; 45. 293 300. 
32. Konstam | MA, Wynne J, Holman BL, Brown EJ, Neill M, 

of equilibrium (gated) radionuclide ventriculography to qua 

tricular output in patients with and without left-sided уа 

Circulation 198 1;64:578-585. 
33. Slutsky R, Karliner J, Ricci D, Kaiser R, Miei М, | 

K, Ashburn W. Left ventricular volumes by 

angiography: a new method. Circulation 1o 9; 60: e364. 
34. Strauss HW, McKusick KA, Bingham JB. Cardiac nuclear 








patients in sinus rhythm, with varying degrees 
ted mitral stenosis (mitral valve area 0.6 to 
and total pulmonary vascular resistance 5.0 
.U-m?), underwent supine rest and symp- 
ited exercise radionuclide ventriculography 
mine right ventricular (RV) and left ven- 
ejection fraction (EF). Cardiac catheter- 
with hemodynamic measurements at rest 
peak exercise was performed within 24 hours 
idionuclide ventriculography. Four of the 8 pa- 
underwent corrective mitral surgery resulting 
гта! mean pulmonary artery pressures and total 
пагу vascular resistance at rest. These 4 pa- 
had repeat radionuclide ventriculography at 
nd during exercise 1 to 2 months after surgery. 
ratively, all 8 patients had an abnormal ex- 
se RVEF response (mean change + standard 
tion [SD], —5.0 + 4.5%), coincident with an 









































dynamic changes induced by exercise in patients 
tral stenosis (MS) have been well described by 
et al,! and Eliasch.? Specifically, marked in- 
in pulmonary artery and pulmonary capillary 
ressures were observed in the setting of modest 
in cardiac output and pulmonary vascular re- 
However, the effect of exercise on right ven- 
ir (RV) systolic function has not been well 
bed. Two previous investigations using indica- 
ation techniques described changes in RV volume 
ection fraction (EF) during exercise, but most 
ts studied had severe coronary artery disease.?^^ 
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increase in mean pulmonary artery pressure during 
exercise (mean change, 15 + 5.0 mm Hg). The 
change in RVEF from rest to exercise, corrected for 
duration of exercise, correlated with peak exercise 
mean pulmonary artery pressure (r = —0.71, p = 
0.05), as well as total pulmonary vascular resistance 
at rest (r = —0.82, p = 0.02). Postoperatively, all 4 
patients who underwent surgical correction showed 
a normal RVEF response during exercise (mean 
change + SD, +6.8 + 4.0% ). Thus, in patients with 
acquired mitral stenosis and no coronary artery 
disease (1) loading conditions and not contractility 
are prime determinants of RV exercise response, 
and (2) an exercise-induced decrease in RVEF may 
be a sensitive marker for increased total pulmonary 
vascular resistance and pulmonary hypertension. 


(Am J Cardiol 1985;55:1054-1058) 






Using radionuclide techniques, the present study as- 
sesses the change in RV systolic function induced by 
exercise in patients with isolated MS; the impact of 
corrective mitral valve surgery on exercise-induced 
abnormalities in RVEF is assessed by repeat radionu- 
clide ventriculography in the postoperative period; and 
the changes in EF were correlated with the hemody- 
namic changes observed at cardiac catheterization 
performed within 24 hours of nuclear imaging. 


Methods 


Patients: Between January 1983 and July 1984 all patients 
with mitral valve disease scheduled for cardiac catheterization 
were screened before hospital admission. Of the 72 patients 
screened, 62 were excluded from this study because of clinical 
evidence of both aortic and mitral valve disease, significant 
mitral regurgitation, coronary artery disease, atrial fibrillation 
(which may interfere with gated imaging) and tricuspid 
regurgitation. The other 10 patients with presumed isolated - 
MS underwent radionuclide gated a ood pool studies at rest.. 
and during exercise, followed by right- and left-sided сагай 


















dimension; RVEF = right ventricular ejection fraction. 


.. concomitant mitral regurgitation which, on clinical exami- 

- nation, was suspected to be insignificant. The other 8 patients 
with isolated MS and normal sinus rhythm constitute the 
study group. Seven of the 8 patients were women, mean age 
46 + 15 years. Severity of symptoms ranged from New York 
Heart Association class II to IV, and calculated mitral valve 
area ranged from 0.6 to 1.3 cm?. M-mode and 2-dimensional 
echocardiography were performed in all 8 patients. Right 
ventricular internal dimension in diastole was recorded as 1.0 
to 1.5 em/m? using the methods of Feigenbaum.5 Four of these 
8 patients underwent corrective mitral valve surgery. 

The RVEF data in patients with MS were compared with 
those obtained in 3 normal subjects, who had gated blood pool 
scans at rest and during exercise during the same study period 
and who had normal hemodynamic and angiographic findings 
during right- and left-sided cardiac catheterization as part of 
an evaluation for a chest pain syndrome. 

Radionuclide angiography: Radionuclide imaging was 
performed after in vivo labeling of the blood pool with 3 to 5 
mg of stannous pyrophosphate, followed 20 minutes later by 
an intravenous injection of 25 mCi of technetium-99m per- 
technetate. A single-crystal gamma camera was used with a 
general, all-purpose collimator and data were collected on a 
. Technicare series 560 microprocessor. Images were obtained 

in the anterior and best septal left anterior oblique views at 
16 frames per cardiac cycle for an average of 300 counts/pixel 
within an LV region of interest. Acquisitions were obtained 
at rest and during maximal supine bicycle exercise. 

Left ventricular and RVEFs were calculated after back- 
ground subtraction using a standard, semiautomated software 
program (Technicare QMICA). A crescent-shaped back- 
ground sample was drawn adjacent to the left ventricle. After 
constructing a ventricular region of interest, the EF was cal- 
culated by subtracting end-systolic counts from end-diastolic 
counts and dividing the difference by the end-diastolic counts. 
The EF was calculated in triplicate by an experienced oper- 
ator. The values used for this analysis were the mean of the 

. 3 trials. The range of reliability for the individual determi- 
.. nations was +5% for both RV and LVEF values. The 15 pairs 
2.6 control, 8 preoperative and 4 postoperative) of rest and 
exercise scans were presented in a random order to the same 
operator. 

- Hemodynamic measurements: Hemodynamic measure- 
ments were obtained at 
assures. were meg 
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СІ = cardiac index; О = duration of bicycle exercise; ECG = electrocardiographic findings; Exer = exercise; LVEF = left ventricular 
fraction; MVA = mitral valve area; N = normal; NYHA = New York Heart Association class; PA = mean pulmonary artery pressure; PC\ 
pulmonary capillary wedge pressure; PVR = total pulmonary vascular resistance: RA = mean right atrial pressure; RVd = right ventricular 
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40 30 3.6 11.0 
11 7 2.2 5.0 
20 12 2.9 6.9 
22 22 2.0 11.0 
35 30 2.5 14.0 
30 25 2.2 13.6 
50 45 2.7 18.5 
35 20 2.0 17.5 
60 35 3.3 18.0 
30 20 3.2 9.1 
42 32 4.2 10.0 
19 15 3.2 5.4 
35 23 4.7 7.5 
30 26 3.8 7.8 
45 32 4.8 9.4 













































in this analysis. Cardiac output was measured by t 
modilution technique in triplicate and the mitral va 
was calculated using the Gorlin formula.9 Total р! 
vascular resistance (U-m?) was calculated from th. 
mPAP/CI, where mPAP is the mean pulmona 
pressure (in mm Hg) and CI is the cardiac index - 
min/m?). ' 
Exercise protocol: Exercise during radionuclid 
was performed using an Engineering Dynamics Co 
bicycle ergometer. Exercise during cardiac catheteriz 
performed using a similar bicycle ergometer. After bas 
images, hemodynamic values were measured with the 
in the supine position at rest. Exercise was begun at 0 
tance for 1 minute. Thereafter, the workload was inc 
by 25 W per 3-minute stages. If a patient began to tire 
data acquisition was completed, the workload was redu 
10 W to allow complete hemodynamic data or nuclear acq 
sitions of at least 2 minutes in duration to be record 
duration of bicycle exercise during the nuclear imagi! 
not significantly different from that during cardiac ce 
terization (7.4 + 2.4 vs 6.2 + 2.5 minutes, difference n 
nificant [NS]). The rate-pressure product achieved was s 
during both procedures (17,915 + 6,842 vs 14,373 + 
NS). | | 
Surgical intervention and follow-up: Four pa 
underwent corrective mitral valve surgery. Three patien 
Starr-Edwards ball-valve prostheses inserted, and a fo 
patient had an open mitral commissurotomy. In the 
diate postoperative period all patients demonstrated 
pulmonary artery pressures and cardiac outputs. " 
patients returned for repeat rest and exercise radio 
gated blood pool imaging 6 + 2 weeks after surgical repa 
duration of exercise in this subset postoperatively was 8 
to the preoperative duration in this group. ie 
Statistics: Data are presented as mean + standard 
tion for each variable. Rest and exercise data were com 
by a paired ¢ test. The strength of association between с 
variables was evaluated by a standard linear regres 
analysis. A value <0.05 was considered significant. . 
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_ FIGURE 1. Preoperative (PRE-OP) right ventricular ejection fraction 

` (RVEF ?6) at rest and during exercise for the 3 control patients (open 

` circles) and the 8 patients with mitral stenosis (solid circles). Right, 

the postoperative (POST-OP) exercise response of the 4 patients 

. who underwent corrective mitral surgery. They are identified by their 
initials. 
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pressures at rest ranged from normal to elevated, all 


` patients showed a marked elevation of these pressures 
. at peak exercise. Total pulmonary vascular resistance 
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at rest was abnormally elevated in all study patients. 
RVEF ranged from 18 to 39% at rest. During exercise, 
however, RVEF either decreased or did not change (Fig. 
1). In contrast, RVEF increased during exercise in all 
З control patients. LVEF at rest ranged from 40 to 61%, 


. and during exercise increased in 6 of 8 patients but de- 
. creased slightly in 2 patients. 


Right and left ventricular function after cor- 


 rective mitral valve surgery: The postoperative 


NE^ 


RVEF and LVEF at rest and during exercise are tabu- 
lated for the 4 patients who underwent corrective sur- 
gery in Table II. Although the mean RVEF at rest did 


. not increase significantly in the postoperative period 


compared with the preoperative evaluation in this 


"мў 


DELTA RVEF /dur 


subset (33 + 8% vs 37 + 996, p = NS), the exercise-in- 


_ duced decrease in RVEF preoperatively was reversed 
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in each of the 4 patients after surgical correction (Fig. 
1). The mean rest to exercise change in RVEF was —5.0 
+ 4.5 preoperatively and +6.8 + 4% postoperatively (p 
« 0.05). In contrast, the mean rest to exercise change in 
LVEF was 5 + 4% preoperatively and 0.5 + 1.9% post- 
operatively (NS). 

Relation of pulmonary artery pressure and vas- 
cular resistance to right ventricular ejection 
fraction: There was no correlation between preopera- 
tive RVEF and mean pulmonary artery pressure, total 
pulmonary vascular resistance or mitral valve area at 
rest. А weak correlation was observed between the 
change in preoperative RVEF from rest to exercise 
(А RVEF) and mean pulmonary artery pressure at rest 
(т = —0.54), and between the change in RVEF and 
total pulmonary vascular resistance at rest (r 2 —0.47). 
When the change in RVEF was corrected for the dura- 
tion of exercise by dividing the change in RVEF by the 
number of minutes of exercise (А RVEF/duration), a 
highly significant correlation was observed between the 
change in EF and total pulmonary vascular resistance 
at rest (А RVEF/duration = —0.11 (pulmonary vascular 
resistance) + 0.43, r = —0.82, p = 0.02) (Fig. 2). A strong 
correlation was also observed between the change in 
RVEF corrected for the duration of exercise and 
the peak exercise mean pulmonary artery pressure 
(А RVEF/duration = —0.03 (mean pulmonary artery 
pressure) + 0.70, r = —0.71, p = 0.05) (Fig. 3). In addi- 
tion, there was a strong but not quite significant corre- 
lation between the change in EF corrected for the du- 
ration of exercise and the mean pulmonary artery 
pressure at rest (А RVEF/duration = —0.05 (mean 
pulmonary artery pressure) + 0.57, r = —0.68, p = 0.06) 
(Fig. 4). 


Discussion 


Previous studies indicate that the normal RV exercise 
response is to increase the stroke volume/end-diastolic 
volume ratio.?:/-1? Other investigators, using radionu- 
clide imaging techniques, observed a significant increase 
in the RVEF during exercise in their normal control 
subjects.7-1? In agreement with these studies, all of our 
control patients demonstrated significant increases in 
RVEF during exercise. 


FIGURE 2. Correlation between the rest to exercise 
change in right ventricular ejection fraction divided by 
duration of exercise (RVEF/dur) and total pulmonary 
vascular resistance (PVR). PRE-OP = preoperatively. 
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In contrast, RV function appears to deteriorate 
during exercise in patients with certain cardiovascular 
abnormalities.*7-11 In a group of patients with conges- 
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TABLE П Ventricular Function at Rest and During à | iA F 
Exercise After Mitral Valve Surgery | я 











| RVEF LVEF 
tive heart failure secondary to coronary artery disease Pt State (96) (96) 
or cor pulmonale, Lee et al* observed an exercise-in- 

t а > GL Rest 36 59 
duced decrease in RVEF. Recently, other investigators Exer 45 59 
have reported an exercise-induced decrease їп RVEF ES Rest 33 48 
in certain subsets of patients with coronary artery dis- IM ET 48 y Ў 
ease without heart ҒаПиге.'-! For example, Slutsky et Exer 33 54 Ж 
al? and Johnson et al!? reported a significant decrease RB Lia "^ un TM 

x T 


in RVEF during exercise in patients with severe proxi- 
mal right coronary artery disease and exercise-induced 
LV dysfunction. Weiner et al!! demonstrated that many 
patients with chronic heart disease had abnormal ven- 
tricular function curves during exercise. Our study fo- 
cuses on the exercise response of the right ventricle in 
patients with acquired valvular heart disease, specifi- 
cally patients with isolated moderate to severe MS and 
sinus rhythm. In this selected group, all patients expe- 
rienced an abnormal EF response to exercise. Ejection 
fraction at peak exercise decreased in some patients and 
remained unchanged in others. The response to exercise 
was reversed to a normal response after corrective sur- 
gery. These observations suggest that loading condi- 





Abbreviations as in Table l. 


tions, and not intrinsic contractility, are prime deter- - 
minants of RV exercise response in patients with _ 
acquired valvular disease and no coronary disease. ¢ 

Previous investigations have suggested that loading 
conditions are important determinants of RV systolic 
function but the precise relation remains controversial | 
Some investigators observed a statistically significant 
association between RVEF at rest and pulmonary artery ч 
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Е regurgitation ‘were in- 
| is as patients in sinus 
Sev ral studies evaluated patients with mixed 
iple valvular lesions in the same analysis as 
with isolated valvular lesions.1?:! 
ecent study by Brent et al!? in patients with 
obstructive lung disease, indicated that reduc- 
in the pulmonary vascular resistance with vasodi- 
uniformly resulted in an increase in RVEF. 
ever, Brent et al did not indicate whether there was 
г correlation between these 2 variables and did 
erform coronary arteriography to rule out proximal 
coronary artery disease. In contrast, to minimize 
number of variables that may influence RV systolic 
ction, we used a uniform patient group. Within this 
ely homogeneous group we did not observe a 
cant association between RVEF at rest and pul- 
y pressure or vascular resistance. However, we did 
strate a significant correlation between the 
VEF during exercise, corrected for duration 
e, and pulmonary vascular resistance at 































r normal patients, as well as some of our patients 
mild elevation in total pulmonary vascular resis- 
ce, had RVEFs at rest relatively lower than those in 
iblished reports. The normal value for LVEF in our 
ratory using the Technicare instruments is 45% or 
е. Because RVEFs calculated by nuclear techniques 
e usually lower than LVEFs, it is not surprising that 
у of our patients have RVEFs below 45%. 

h close associations that we observed between the 
ge in RVEF and loading conditions suggest that 
and exercise gated blood imaging may be useful in 
itifying patients with only exercise-induced pul- 
Ty hypertension. In addition, serial blood pool 
ging may be useful in monitoring patients before 
fter corrective surgery or drug interventions in- 
ded to normalize pulmonary vascular resistance. 
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Tricuspid Regurgitation During Pregnancy: 
Two-Dimensional and Pulsed Doppler 
Echocardiographic Observations 


MARIAN C. LIMACHER, MD, J. ANTHONY WARE, MD, MICHAEL E. O’MEARA, MD, 
GENARO C. FERNANDEZ, MD, and JAMES B. YOUNG, MD 


Although precordial murmurs occur frequently 
during pregnancy, their origin is rarely known. To 
investigate the nature of these murmurs, 2-dimen- 
sional (2-D) and pulsed Doppler echocardiography 
was performed in 81 asymptomatic pregnant women 
who had new systolic precordial murmurs. End- 
systolic right atrial dimensions, early diastolic tri- 
cuspid anular diameters, and end-diastolic right 
ventricular diameters were measured from the ap- 
ical 4-chamber view and compared with measure- 
ments from 26 young nonpregnant women without 
known heart disease. Tricuspid regurgitation (TR) 
was detected by pulsed Doppler echocardiography 
in 35 of 81 pregnant women. Thirty-two pregnant 
women had normal 2-dimensional and pulsed 


Asymptomatic systolic or continuous murmurs are 
frequently noted in pregnant women.!-* T'hese murmurs 
are not usually associated with clinical problems, but 
it is important to separate hemodynamically benign 
murmurs from those with clinical significance. Previ- 
ously, increased intracardiac blood velocity and tur- 
bulence across the pulmonic or aortic valves, or extra- 
cardiac blood flow, was implicated as the cause of 
pregnancy-associated murmurs.!-^ No study has es- 
tablished the source of intracardiac murmurs associated 
with pregnancy. The development of echocardiography 
has provided a safe, noninvasive method of assessing 
cardiac physiology in pregnancy. Pulsed Doppler 
echocardiography, in conjunction with 2-dimensional 
(2-D) echocardiography, is an accurate and sensitive 
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Doppler echocardiographic findings. Other valvular 
or congenital lesions were detected in 14 pregnant 
women. The right-sided intracardiac diameters were 
larger in all groups of pregnant women than in non- 


pregnant control subjects (p <0.001). The tricuspid _ 
anular diameter was larger in the pregnant women 


with TR than in pregnant women with normal pulsed 
Doppler echocardiographic findings (24 + 2 vs 22 
+ 3 mm, p <0.015). No patient had clinical difficulty 
associated with a murmur. Functional TR, therefore, 
often occurs in pregnancy and appears to be a result 
of dilation of the tricuspid anulus. TR may contribute 
to the development of murmurs in pregnant 
women. 


(Am J Cardiol 1985;55:1059-1062) _ 


method of detecting stenotic and regurgitant lesions.9-? 
This study sought to determine the origin and physio- 
logic basis of pregnancy-associated heart murmurs and 
to quantify right-sided cardiac changes in pregnancy. 


Methods 


Patient selection: Eighty-one pregnant women referred 
to the Echocardiography Laboratory for evaluation of cardiac 
murmurs underwent 2-D and pulsed Doppler echocardiog- 
raphy. The murmurs detected by the referring physician were 
invariably described as early to midsystolic, best heard at the 
left sternal border, of grade I or П in intensity. Patients were 
excluded from the study if they had a history of murmur or 
congenital or rheumatic heart disease. A control group of 26 
young, nonpregnant female volunteers also had 2-D and 
pulsed Doppler echocardiograms. The pregnant women were 
22 + 4 years old and were in the 11th to 39th week of gestation 
(average 30). The mean age for the control group was 27 + 6 
years. 

Echocardiographic technique: M-mode and 2-D echo- 
cardiography were performed with a commercially available 
mechanical scanner using standard views (parasternal long- 
and short-axis, apical 4-chamber, apical 2-chamber and sub- 
costal). All 81 subjects had studies adequate for measurement. 
In the apical 4-chamber view, measurements of right atrial 
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(Т). - = үзг women with qm evidence of tricuspid 
gitation; PG(NORM) = pregnant women with murmurs but with 
2-інтепзіопа! and pulsed Doppler echocardiograms; RA = right 
ВУ = = right ventricle; TA =tricuspid anulus. 


ngth and width were made at end-systole and the wid- 
ght ventricular (RV) diameter was measured at end- 
as has been previously described.!9.1! Tricuspid anu- 
meter was measured in the apical 4-chamber view 
early diastole using Gutgesell's method!? (Fig. 1). 
pler technique. Doppler studies were performed in 
rd fashion, using the range-gated pulsed Doppler unit 
stem.9-? Sampling was performed in multiple views 
and distal to all 4 valves and along the atrial and 
icular septae. The Doppler spectral signal was displayed 
ty (cm/s) and recorded on one-half-inch videotape. 
uspid regurgitation (TR) was diagnosed both by dem- 
holosystolic spectral dispersion of blood flow ve- 
*turbulence"), with or without respiratory variation, 
ne presence of the typical harsh quality of the audio 
n systole. This method correlates well with invasive 
ods of detecting TR.519.14 
istical analysis: RA, RV and tricuspid anular di- 
ions were compared using 1-way analysis of variance 
3 groups: pregnant women with TR, pregnant women 
iurmurs but with normal 2-D and pulsed Doppler 








IE 1. Apical 4-chamber view showing the method of tricuspid 
surement. Anulus diameter was measured as the greatest 
straight arrows) between the proximal insertions of the septal 
trow) and lateral tricuspid leaflets in early diastole. LA = left 
ventricle: ВА = right atrium; RV. = = night ventricle. 






















l presented as mean: 4 standard wia 


Results 
Demographic data and echocardiographic measure- = 


ments are listed in Table I. Thirty-five of the 81 preg- 


nant women were found to have Doppler evidence of 
systolic RA turbulence proximal to the tricuspid valve, 
and were diagnosed as having TR. Turbulence was lo- 
calized just proximal to the coaptation point in most and 
not beyond the mid-RA cavity in all women with TR, 
indicating mild regurgitation. An example of the pulsed 
Deppler velocity display from 1 of these patients is 
shown in Figure 2. All 35 women with TR had normal 
2-D echocardiographic results, and otherwise normal 
pulsed Doppler examinations. None of the 35 patients 
with TR had peripartum cardiac complications. Four- 
teen of the 81 pregnant women were found to have other 
previously undiagnosed cardiac abnormalities including 
ventricular septal defect (2 patients), mitral regurgi- 
tation (6 patients), aortic regurgitation (2 patients), 
aortic stenosis (1 patient), pulmonary regurgitation (1 
patient) and mitral stenosis (2 patients) by 2-D or 
pulsed Doppler echocardiography. The remaining 32 
pregnant women had entirely normal 2-D and pulsed 
Doppler echocardiographic results. 

Pregnant women with TR and pregnant women with 
murmurs but normal pulsed Doppler echocardiograms 
had similar RA and RV diameters (Table I). Both 
groups had significantly larger mean right-sided mea- 
surements than the control group (p <0.001). The mean 
diameter of the tricuspid anulus was significantly larger 
in the group with TR than in the group with normal 
pulsed Doppler echocardiographic results. The tricuspid 
anular diameter of both groups was significantly larger 
than the mean tricuspid anulus diameter of the control 
group. No patient had clinical or echocardiographic 
evidence of severe TR. Two of the initially nonpregnant 
control subjects who became pregnant and who previ- 
ously had normal pulsed Doppler echocardiographic 
results showed Doppler evidence of TR by the 24th 
week of gestation. 


Discussion 


Unsuspected TR is a common finding during preg- 
nancy and appears to be unassociated with clinical 
difficulty. In our study, almost half of all women re- 
ferred for evaluation of a new murmur during pregnancy 
were found to have TR. The validity of pulsed Doppler 
diagnosis of atrioventricular valvular regurgitation has 
been established.®.9-15.14 In fact, DePace et al!? recently 
concluded that “the Doppler technique may be the most 
sensitive tool to detect the presence of TR and define 
its severity.” Other techniques can detect TR of greater 
severity,!®!7 but in this patient population, the small 
amount of regurgitation makes Doppler echocardiog- 
raphy the preferred technique. ко, 

In no previous study have 2-D and pulsed Doppler _ 
echocardiography been used to systematically examine | : 
pregnant women with heart murmurs, and our т data 
differ from earlier г phonocatdies aphic 















































































FIGURE 2. Representative Doppler study from a pregnant 
patient. A freeze-frame 2-dimensional image of the 
. parasternal short-axis view (upper left) shows the position 
. of the sample volume in the right atrium proximal to the 
 triscupid valve (small arrow). The Doppler velocity signal 
displays holosystolic spectral dispersion, indicating tri- 
cuspid regurgitation (large arrows). 


pregnancy-associated murmurs.!? These studies found 
that ejection-type murmurs were nearly universal in 
‘pregnancy. Although Cutforth and MacDonald! noted 


^. some holosystolic murmurs, they concluded that the 


murmurs were actually "long-lasting ejection mur- 
murs." In contrast, 35 of 81 women in our study had 
holosystolic turbulence in the right atrium, indicating 
TR. The superior reliability of pulsed Doppler tech- 
niques in detecting ТЕЁ may explain the discrepancy 
between our study and previous studies. However, the 
Doppler findings do not confirm that the murmurs 
originated from the RA turbulence. The murmur of 
- mild TR is frequently ипдеѓесіеа 1819 In fact, 32 of our 
` 81 patients had identical murmurs but no Doppler TR. 

"The origin of the murmurs, therefore, may be secondary 
-to TR, but they may also be the functional ejection 
` murmurs traditionally described.!? Our findings do not 
exclude the possibility that some normal young people 
and pregnant women without cardiac murmurs also 
have TR detectable by Doppler. The incidence of TR 
in these groups must be documented in a prospective 
study. 

There is no evidence that the TR in our patients was 
secondary to organic heart disease. The tricuspid valve 
appeared normal by 2-D echocardiography and no he- 
modynamic complications occurred in any of the 35 
women before or after delivery. TR was most likely the 
result of alterations of blood flow through a dilated 
tricuspid anulus. Our finding of right-sided enlargement 
in pregnant women with murmurs extends observations 
made with M-mode echocardiography by Rubler et al. 


The increase in blood volume that normally occurs 


. midway through pregnancy” probably accounts for the 
dilation of the right ventricle. This increase in volume 
` may then produce valvular incompetence by stretching 
the tricuspid anulus, as reported in other conditions 

| RV di; ion.21-23 Functional TR] has been re- 






ported to result from dilation of the anulus to 
than 27 mm/m? in systole, as determined by i 
graphic techniques. Because of the differen 
technique (timing of measurements, views obtaine 
normalization for body surface area), our anul 
mensions cannot be directly compared with the 
of Tei et al? or Ubago et al.?? However, our 
consistent with both studies, which emphasi 
functional TR results from RV and tricuspid : 
dilation. | 

Fourteen patients (17%) with no history of е 
disease were found to have other unsuspected valv 
or congenital lesions. None of the women had sym 
related to these lesions and the referring physician 
not distinguish the characteristic murmurs fro 
usual systolic murmurs heard in pregnancy. The: 
prevalence of cardiac lesions in our population is a 
of bias of ascertainment, since the patients were ге! 
for murmur evaluation and had received no 
medical evaluation. 

In conclusion, TR occurs frequently in pregnan 
appears associated with RV volume increase. It i 
nign and may account for many of the murmurs h 
during human gestation. 
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One hundred three patients with isolated, severe 
aortic stenosis (AS) were retrospectively analyzed 
to determine the relation of angina pectoris to an- 
giographically significant coronary artery disease 
(CAD). All patients underwent coronary angiography 
regardless of the presence or absence of angina. 
Angina was significantly associated with CAD (p 
<0.002), with a sensitivity of 78% and a specificity 





































































. Patients with severe aortic stenosis (AS) frequently 
complain of angina pectoris, but angiographically sig- 
nificant coronary artery disease (CAD) can be demon- 
strated in only about half of these patients. 1-6 In several 
reports of AS,:497 the absence of angina was considered 
adequate to reliably exclude CAD. Other studies??? 
have stressed the necessity of performing coronary an- 
giography in all patients. Thus, the need for coronary 
ngiography in those patients with AS but without an- 
gina remains uncertain. In this study, we determined 
the prevalence of angiographically significant CAD in 
а group of 103 patients with AS and its relation to an- 
gina pectoris. Our purpose was to determine if coronary 
angiography should be performed in all patients with 
_ AS regardless of the presence or absence of angina. 


Methods 


Definitions: Patients in whom auscultatory or angiographic 
`` evidence (more than 1+/4+) of significant aortic regurgitation 
` was not present, and who were without other cardiac valvular 
lesions, were characterized as having isolated AS. Severe AS 
was defined as a valve index of 0.75 cm?/m? or less!? and a peak 
gradient of 50 mm Hg or more in patients with normal cardiac 
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of 53%. However, 25 % of the patients with 
gina had angiographically significant CAD, 
these patients there was a 70% prevalent 
vessel disease. Patients with isolated, se| 
should undergo coronary angiography to 
coexistent CAD accurately. The absence of 
does not reliably exclude angiographically 
cant CAD. (Am J Cardiol 1985;55: 1093 










output. Angiographically significant CAD was define 
>70% obstruction of the diameter of a major coronary 
or in the case of the left main coronary artery, ап obs 
of at least 50% of diameter.!! Anginal pain was chara 
as typical or atypical. T'ypical angina was defined 
sternal discomfort precipitated by exertion and reli 
rest or nitroglycerin; atypical angina was defined as 
having some features of typical angina but being aty 
other respects. | 

Patients: All cardiac catheterizations performed | 
January 1, 1980, and June 30, 1984, were retrospect: 
viewed. Patients older than 40 years routinely have c 
angiography performed during cardiac catheterizatio 
institution. One hundred three patients had isolated 
AS and technically adequate coronary angiograms 
patients were 44 to 87 years old (mean 66 + 9); 68 wei 
and 35 were women. : 

Clinical findings: Charts were reviewed for the pr 
and characteristics of angina, as assessed by 2 staff с 
gists. Patients were separated into З groups: those with · 
angina, atypical angina or no angina. | 

Cardiac catheterization: Right- and left-sided c € 
catheterization, left ventriculography and selective co 
angiography were performed in all patients. The left ve 
was entered in a retrograde manner across the aortic val 
left ventricular-aortic pressures were obtained ` 
neously. A left ventricular-to-aortic pullback pressur 
was obtained to confirm the location of the obstructi 
level of the aortic valve. All patients had cardiac out 
termined by the Fick and indicator dilution technique 
area and index were determined according to the Gc 
mula. Left ventriculography was performed i 

aortog 








CAD n(%) 


Total n (96) 
36 (35) 27 (26) 63 (61) 
10 (10) 30 (29) 40 (39) 
46 (45) 57 (55) 103 (100) 























a pectoris; CAD = angiographically significant coronary 
disease; n = number of patients. 


Results 


nts were separated into 4 groups based on the 
'e of angina and angiographically significant 
;roup 1 consisted of patients with both anginal 
id angiographically significant CAD. Group 2 
ed of patients with angina but without angio- 
ically significant CAD. Group 3 consisted of pa- 
without angina but with angiographically sig- 
t CAD. Group 4 consisted of patients with 
angina nor angiographically significant CAD. 
le 1 lists the relation of angina pectoris to CAD in 
3 with AS. Sixty-three patients (61%) had angina 
з. Of the 63 patients, 36 (57%) had angiographi- 
ignificant CAD. 'The presence of angina pectoris 
nificantly associated with CAD (p «0.002). 

e II lists the clinical characteristics of the 4 
of patients. The mean age and sex of the 4 groups 
differ significantly. The presence of typical 
was significantly associated with CAD compared 
pical angina (p <0.05). Of the 40 patients without 
10 (25%) had angiographically significant CAD. 
patients with angiographically significant CAD 
tout angina, 7 out of 10 (70%) were noted to have 
essel disease. 

le III lists the ability of angina pectoris to indicate 
sence of CAD in our patient population. The 
ity was 78%, specificity was 53%, predictive value 
% and risk ratio was 2.28. 
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TABLE Ill АБИ у g 
(0 oe Presence dibus diit BS 
Angina Pectoris 
Sensitivity 78% 
Specificity 53% 
Predictive value 57% 
Risk ratio 2.28 





* Angiographically significant coronary artery disease (CAD). 

Predictive value = percent of patients with angina pectoris who have 
CAD; Risk ratio = prevalence of CAD in patients with angina pectoris 
divided by the prevalence of CAD in patients without angina; Sensitivity 
= percent of patients with CAD who have angina pectoris; Specificity 
- percent of patients without angina pectoris who do not have CAD. 


Discussion 


We investigated the relation between angina pectoris 
and angiographically significant CAD in patients with 
AS. We found that about two-thirds of patients with 
severe AS have angina pectoris, and that about half of 
these patients have CAD. This concurs with previous 
findings in which angina was significantly associated 
with CAD in AS. Our findings differ from previous re- 
ports!- in that we found a discrete prevalence (25%) of · 
CAD in patients without angina. This discordance can 
be best explained by variations in study design and 


methodology. Earlier studies included patients with _ 
other valvular lesions, including aortic regurgita- ^ 
tion.? 5/15. The natural history of aortic regurgitation 
differs from that of AS.!? Because patients with aortic — 


regurgitation present at an earlier age, one would expect 

a lower prevalence of CAD. | 
In many prior reports, coronary angiography was 

performed only in patients with angina.??!6 Hence,the . 


true prevalence of CAD could not be determined in © 


patients without angina pectoris. In other studies the 
definition of angiographically significant CAD has. 
varied widely.!-9715.1416 Our choice of the definition - 


used for the Coronary Artery Surgery Study is based on = 
our belief that it represents a standard for comparison 


in this country. s 

We noted a high prevalence of 1-vessel disease іп our _ 
patients without angina but with CAD. Because the _ 
presence of angina has been shown to be related to 
multivessel disease,!^? it is not surprising that most 


patients with CAD but without angina had 1-vessel .- 


disease. 


TABLE li Clinical Characteristics of Patient Groups 








Angina (n) Sex 
Total n in 
Group (96) А Total Age M F 
Group 1 
{angina and CAD) 36 (35%) 10 36 68+8 24 12 
Group 2 
{angina without CAD) 27 (26%) 14 27 66+8 13 14 
Group 3 
(No angina with CAD) 10 (10%) 0 0 68+ 12 7 3 
Group 4 
(No angina or CAD) 30 (2996) 0 0 6448 24 6 
Tota! 103 (100%) 


24 63 669 68 35 





A = atypical angina; age = mean age in years + 1 standard deviation; CAD = angiographical y signi 
onary artery disease; п = number of patients; Т = typical angina... = > 
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otential for abrupt withdrawal of nitroglycerin 
to create coronary artery spasm was as- 
а in New Zealand white rabbits. In the control 
ing, electrocardiograms were taken from 7 
hetized rabbits. The administration of intra- 
ous ergonovine did not provoke ST-segment 
гог arrhythmias. Two inches of topical NTG 
was applied 3 times daily to a shaved area on 
ack of each rabbit over a 6-week period. Forty 
after abrupt withdrawal of NTG, intravenous 
ovine and indomethacin were given. Six of 7 
its had electrocardiographic changes: ven- 
tachycardia in 2, ventricular fibrillation in 1, 
gnificant (1 mm or more) ST-segment shifts 
bbits. Three rabbits died. Sixty-four hours after 
administration the remaining 4 rabbits were 
ined. One had baseline electrocardiographic 
idence of severe myocardial ischemia. Repeat 








ipational habituation to nitrates, including with- 
yal hazards of angina pectoris, coronary artery 
and sudden death, are well documented.! How- 
ittle is known regarding the safety of withdrawal 
-acting nitroglycerin (NTG) in patients treated 
гіпа pectoris or congestive heart failure. We de- 
d an experimental rabbit model characterized by 
t withdrawal from long-acting NTG. This report 
bes our experience with this model using paren- 
oronary vasoconstrictors to induce latent coro- 
rtery spasm during the withdrawal period. 


Methods 


New Zealand white rabbits that weighed 2.5 to 4.0 kg 
sed in this investigation. 
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ergonovine and indomethacin testing in the others 
revealed ventricular tachycardia progressing to 
asystole in 1, premature ventricular complexes in 


1, and ST-segment elevation in another. Two of the 


remaining 4 rabbits died. Eighty-two hours after МТС _ 
administration the remaining 2 rabbits were found 
dead in their cages. Nitroblue tetrazolium studies 
revealed extensive myocardial infarction in both 
animals. Additional studies were performed in 10 
normal rabbits. Neither ergonovine nor indomethacin. _ 
induced ST-segment shifts or arrhythmias in this 
control population. It is concluded that abrupt 
withdrawal of NTG and subsequent administration - 
of ergonovine and indomethacin created myocardial 


ischemia, ventricular arrhythmias and myocardial . 
infarctions in these rabbits. The cause of these ab- 


normalities is probably coronary artery spasm. r 
(Am J Cardiol 1985;55:1066-1069) 


Series 1: Documentation of nitroglycerin absorption: 
Seven rabbits were anesthetized with intravenous sodium 
pentobarbital (30 mg/kg). Arterial blood pressure was mea- 
sured through the central ear artery. Intravenous NTG was 
administered through a marginal ear vein in order to lower the 
mean arterial blood pressure 20 mm Hg from its baseline 
value. An initial dose of 10 ug/kg/min was administered over 
3 minutes. This dose was doubled every 3 minutes until the 
appropriate blood pressure decrease was noted. Two inches 
of NTG ointment (2%, Kremers-Urban Company) was applied 
to a shaved area (16 square inches) in the interscapular region 
of the back 3 times daily (at 0900, 1300 and 1700 hours). 
During the seventh day of this treatment the rabbits were 
reanesthetized and the intravenous NTG protocol was re- 
peated to the same blood pressure endpoint. 

Electrocardiographic analysis: Before topical NTG ap- 
plication, the 7 New Zealand white rabbits were anesthetized 
with intravenous sodium pentobarbital (80 mg/kg) and placed 
supine on a surgical table. Electrocardiographic (ECG) leads 
were attached to each extremity and the midsternum with 
subcutaneous needles. Simultaneous recordings of lead II and 
a single V lead were obtained with a Hewlett Packard Elec- . 
trograph recorded at 50 mm/s using regular standardizati 

















this procedure, intravenous ergonovine (0.15 mg/kg) was given 
over 10 seconds. Electrocardiographic tracings were obtained 
immediately after ergonovine administration and at 30 sec- 
onds, 1, 2,3, 4 and 5 minutes after administration of ergono- 
vine. A second intravenous ergonovine dose (0.15 mg/kg) was 
administered and the electrocardiogram recorded as previ- 
ously described. 

Two inches of topical МТС (2%) was applied to the shaved 
interscapular area of each rabbit 3 times daily. This was done 
for 42 consecutive days. The interscapular area was shaved 
once a week during this period. Nitroglycerin administration 
was abruptly discontinued and 40 hours after the last ad- 
ministration of NTG the rabbits were reanesthetized. They 
were again attached to the electrograph and an initial dose of 
ergonovine (0.15 mg/kg) was given with ECG monitoring as 
previously described. This was followed by indomethacin (25 
mg/kg) given intravenously over 30 seconds. Electrocardio- 
graphic monitoring was performed as with ergonovine ad- 
ministration. The remaining rabbits were allowed to recover 
and 24 hours later they were reanesthetized and ergonovine 
and indomethacin were again administered and monitored 
electrographically as at 40 hours. The remaining rabbits were 
returned to their cages to recover. 

Myocardial infarction detection: The hearts from 2 rabbits 
that were found dead in their cages 82 hours after the last 
NTG administration were stained with nitroblue tetrazolium. 
'Three transverse slices of the left ventricle were obtained from 
each heart. These were incubated in nitroblue tetrazolium 
solution for 30 minutes at 37°С. Nitroblue tetrazolium solu- 
tion was made by dissolving nitroblue tetrazolium powder in 
distilled water at a concentration of 5 mg/ml. Ten milliliters 
of this solution were added to 10 ml of Sorensen's phosphate 
buffer (1 M), pH 7.4 and 80 ml of distilled water. Normal heart 
muscle is stained by this technique. Infarcted myocardium 
remains unstained. 

Series 2: A second baseline control study was performed 
on 10 male New Zealand white rabbits. The rabbits were 
anesthetized and attached to the electrograph as previously 
described. Three intravenous injections were used in the fol- 
lowing order: ergonovine (0.15 mg/kg), indomethacin (25 
mg/kg), and ergonovine (0.15 mg/kg). A 5-minute ECG 
monitoring period was observed after each drug administra- 
tion as described in series 1. 

Statistical analysis: The amount of intravenous NTG 
required to drop systemic arterial blood pressure before and 
after topical NTG administration was compared by the 
Student t test. A p value «0.05 was considered statistically 
significant. 


Results 


Series 1: Nitroglycerin absorption: Initially, an av- 
erage of 51 + 20 ug/kg (mean + standard error of the 
mean) of intravenous N'TG was required to decrease 
mean systemic arterial blood pressure 20 mm Hg. 
During the seventh day of chronic NTG administration 
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FIGURE 1. Rabbit 1. Electrocardiogram after administration of iid 2 
methacin at 40 hours after the last dose of nitroglycerin. Upper tracing, _ 
lead |! shows downsloping ST-segment depression (2 mm) and T-wave - 
inversion; lower tracing, a simultaneous lead V shows T-wave inversion _ 
without significant ST depression. 
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a significantly greater (p <0.05) amount of intravenous _ 
NTG, 95 + 30 ug/kg, was required to achieve the same 
decrease in systemic arterial blood pressure. This _ 
documents N'TG absorption and the development of P 
tolerance. 2 

Electrocardiographic analysis: Before topical NTG 
administration, no significant ST-segment shifts (1 mm - 
or greater) were noted in any rabbit at the baseline © 
tracing or after administration of either ergonovine | 
dose. No arrhythmias were noted. P 

F orty hours after the last nitroglycerin dose: Erga; A 
novine induced ST-segment elevation in 2 rabbits. In- — : 
domethacin administration resulted in ST-segment _ 
depression in 1 rabbit (Fig. 1), ST-segment elevation in _ 
4 rabbits (Fig. 2) and ventricular tachycardia and fi- _ 
brillation in 2 rabbits. One rabbit had no ECG changes- 
with ergonovine and after indomethacin administration 
had an immediate respiratory arrest and death with no 
antecedent ECG changes. 

Sixty-four hours after the last nitroglycerin ad- _ 
ministration: Ergonovine induced isolated premature _ 
ventricular complexes in 1 rabbit and ST-segment ele- - 
vation in another. Indomethacin provoked ventricular 
tachycardia that progressed to ventricular asystole and _ 
death in 1 rabbit. In 1 rabbit no drugs were administered _ 
because the baseline electrocardiogram exhibited 4mm 
of ST-segment elevation with a reduced QRS complex 
in lead V and upsloping ST-segment depression in lead 
II (Fig. 3). Death followed shortly thereafter. | 

Myocardial infarction detection: Transverse slices 
of the left ventricle from each rabbit found dead in its 
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FIGURE 2. Rabbit 5. Electrocardiogram after ad- #1 ES BERE AE ЕЛШЕ ШИШ: E 
ministration of indomethacin at 40 hours after the ا‎ - Ei ВЕ |: icu jm = IM 
last dose of nitroglycerin. Upper tracing, lead П if: arti ites: eer ИҢ E FRE HEI EE ia НИНЕН А 
shows 2 тт of ST-segment elevation; lower li an We Ed LAE БАТАА НЕШ un ÉCEHS — 
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FIGURE 3. Rabbit 5. Baseline electrocardiogram 
without drug provocation at 64 hours after the last 
Н Ec nitroglycerin dose. Upper tracing, lead Il shows 
AEG Ң upsloping ST depression; lower tracing, lead V 
Ty shows 4 mm of ST-segment elevation. 

























ge 82 hours after the last NTG administration had 

ensive myocardial infarctions (Fig. 4). 

go 2: No ECG ST-segment changes or arrhyth- 

on as were observed after either ergonovine or indo- 
" nethacin administrations. 
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Discussion 
к p 


` Sudden withdrawal after intensive occupational ex- 
^" posure to NTG can produce coronary artery spasm, 
| _ myocardial infarction and sudden death.! Development 
E f similar complications caused by sudden withdrawal 
: 0 f long- -acting N'TG in patients with angina pectoris or 
. congestive heart failure has not been well documented 
A published reports. Franciosa et al? described 2 pa- 
i t ents with coronary artery disease who died suddenly 
af лац discontinuing oral isosorbide dinitrate. Muller and 
nther* described a case of acute myocardial infarc- 
t tion occurring soon after withdrawal of N'TG in a pa- 
tient with variant angina. 
B 4 In clinical practice it would be difficult to establish 
uch a causal relation between these complications and 
NTG withdrawal. A clinical study to evaluate the role 
- of NTG withdrawal would be unethical. Furthermore, 
patients with coronary artery disease have coronary 
artery spasm and acute myocardial infarction and die 
suddenly independent of the use and withdrawal of 
NTG. The present study is an attempt to evaluate the 
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IGURE 4. Transverse slice of the heart from a rabbit found dead in his 
cage 82 hours after administration of the last nitroglycerin dose. The 
n Vitroblue tetrazolium stain of the left ventricle at the papillary muscle 
` le Er myocardial infarction (light areas), heey evident 
in ventricular торію, 


EX. 


role of NTG withdrawal in the development of such 
complications in an animal model. 

Caution must be used in attempting to directly ex- 
trapolate the results of our study in anesthetized rabbits 
to conscious humans. We selected rabbits for this in- 
vestigation because they have been used successfully to 
demonstrate tolerance to NTG,®* a condition noted to 
occur in human vascular smooth muscle. Additionally, 
Rinzler et al’ developed a protocol using intravenous 
ergonovine and ECG monitoring to detect latent coro- 
nary artery disease in anesthetized rabbits. Ergonovine 
and indomethacin were chosen to test for latent coro- 
nary artery spasm in our experimental model. Ergono- 
vine is a potent smooth-muscle vasoconstrictor com- 
monly used to detect coronary artery spasm in human 
clinical studies.? Indomethacin is a nonsteroidal anti- 
inflammatory agent. Its role in diminishing coronary 
flow is controversial.? However, it has been suggested 
to be a coronary artery vasoconstrictor, presumably 
through blockade of prostaglandin synthesis.!9 

Significant electrocardiographic ST-segment changes 
and ventricular arrhythmias after ergonovine and in- 
domethacin were found only during the phase of NTG 
withdrawal. Six of 7 rabbits showed significant changes 
at the first testing interval 40 hours after the last dose 
of topical NTG. One rabbit had significant ST elevation 
after ergonovine, and 3 rabbits after indomethacin. One 
rabbit had significant ST depression after a 30-second 
episode of ventricular tachycardia after indomethacin: 
Another had ventricular tachycardia and ventricular 
fibrillation after indomethacin. At 64 hours after the last 
NTG administration, ST-segment shifts and ventricular 
arrhythmias could still be provoked with ergonovine 
and indomethacin. In addition, 1 rabbit had ECG evi- 
dence of severe myocardial ischemia during a baseline 
tracing. Only 2 rabbits survived this testing period and 
both were found dead in their cages the next morning. 
Nitroblue tetrazolium, a technique that allows macro- 
scopic identification of early myocardial infarction by 
dehydrogenase alterations,? revealed myocardial in- 
farction in each instance. 

It is possible that platelet aggregation or a direct drug 
effect caused or contributed to the observed abnor- 
malities. Furthermore, we did not document histologi- 
cally the absence of coronary atherosclerosis in our 
rabbits. However, coronary atherosclerosis probably did 
not play a role in the development of myocar- 
dial ischemia and infarction in our study, because 
rabbits are not known to spontaneously have this 
condition.!! 

We used large doses of ergonovine and indomethacin 
in this study. However, we do not believe that these 
doses created false-positive results, because neither 


. agent provoked significant ECG abnormalities in the _ | 
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domethacin dose was chosen to ensure a pharmacologic 
effect in this animal species. 

‚ Although we could not directly detect the presence 
of coronary artery spasm in our experimental model, the 
inducible ST-segment shifts, ventricular tachycardia 
and myocardial infarctions are suggestive of coronary 
artery spasm. In the setting of severe spasm, transmural 
ischemia results in ST-segment elevation, whereas lesser 
degrees of ischemia may cause ST-segment depres- 
sion.1?!? Malignant ventricular rhythm disturbances 
are also found in humans with coronary artery spasm!* 
and may be induced by ergonovine in the clinical 
setting.!? 

We conclude that significant ST-segment shifts, 
malignant ventricular rhythm disturbances and myo- 
cardial infarction can be provoked in an experimental 
rabbit model after the administration of ergonovine and 
indomethacin during the period of immediate with- 
drawal from chronic NTG exposure. The probable cause 
of these abnormalities is coronary artery spasm. 
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study investigated the effects of therapeutic and 
іс doses of digoxin on the risk of ventricular 
ardia (VT) after graded, transthoracic shocks 
sthetized dogs. A series of direct current 
5 (5, 10, 25, 50, 75, 100, 150 and 200 J) was 
ered to 33 normal dogs and 6 dogs with а 
d (32 + 7 days) myocardial infarct (MI). In 10 
ed dogs, the duration of post-shock VT was 
'eproducible when 3 separate series of 
ks were delivered at 2-hour intervals. In 6 
dogs treated with oral digoxin (0.5 mg/day 
7 days), a series of shocks delivered before 
ring treatment (serum levels 1.5 + 0.5 ng/ml) 
d in the same duration of post-shock VT. In 
ormal and 6 dogs with MI, a series of shocks 
iven before and 90 minutes after a therapeutic 
of digoxin (0.05 mg/kg intravenously). At this 
of digitalis (serum level 2.5 + 1.0 ng/ml), there 
























t-current (DC) cardioversion is an effective and 
method for converting cardiac tachyarrhythmias 
nus rhythm. However, serious ventricular ar- 
mias, including ventricular tachycardia (УТ) and 
ation (VF), have been reported after DC cardio- 
n in patients treated with digitalis. Further- 
studies i in dogs have shown that nearly toxic doses 
і italis markedly reduce the dose of electrical energy 
sary to evoke ventricular arrhythmia.? The fear 
igitalis may increase the risk of post-countershock 
УЕ in humans has led to the clinical recommen- 
1 1 that digoxin be withheld for 24 hours or more 
elective DC cardioversion." The withdrawal 
i italis therapy i is often accompanied by an unde- 
increase in ventricular rate in patients with atrial 
thmias, which prolongs their hospitalization. Al- 
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was no difference in the duration of post-shock VT 
in either normal dogs or dogs with MI. A third series 
of shocks was given after achieving subtoxic digi- 

talization with additional intravenous digoxin (0.01 

mg/kg) every 30 minutes until a premature ven- | 
tricular stimulus evoked a repetitive ventricular _ 
response. The subtoxic doses of digitalis (serum 
levels 13.9 + 4.7 ng/ml) increased the duration of — 
post-shock VT in both normal dogs (10096) and _ 
dogs with MI (700%) (p <0.05). Direct-current 
shocks of up to 200 J in normal dogs and dogs with. 
MI that were given toxic doses of digoxin had little. 
effect on either the rate or morphologic pattern of 
the spontaneous VT. The data indicate that the eft- 
fects of digoxin on post-shock ventricular arrhyth- _ 
mias are dose-dependent, with therapeutic doses 
having no effect in either the normal or infarcted 
heart. (Am J Cardiol 1985;55:1070-1075) .. 























though there is substantial experimental evidence that ^ 
both ouabain and acetylstrophanthidin predispose the _- 
ventricles to post-shock arrhythmias,® recent experi- . 
mental!’ and clinical studies!!!? indicate that thera- 
peutic doses of digoxin may not increase the risk of ` 
post-shock ventricular arrhythmias. In the present - 
study, we used dogs to investigate the risk of post-shock . 
arrhythmias at different digoxin levels (therapeutic, _ 
subtoxic and toxic) and with different methods of ad- - 
ministration (acute vs chronic). Studies were conducted 

in both normal dogs and dogs with a healed myocardial 
infarct (MI). 


Methods 


Experimental preparation: Adult dogs (18 to 20 kg) were 
anesthetized with intravenous sodium pentobarbital (30 
mg/kg) and ventilated with room air using a Harvard respi- 
rator at a minute volume of 300 to 400 ml/kg. The femoral 
artery was cannulated with an 18-gauge intracath to monitor 
arterial blood pressure. Arterial blood gases were monitored 
throughout the experimental procedure and were maintained . 
within a physiologic range (Pos 80 to 100 mm Hg, PCO2 30 to .. 
40 mm Hg, pH 7.35 to 7.45). The right jugular vein was сап- 
nulated with a No. 8 Cordis introducer through which a: 

























































fas Eloctrocardiégranhic lead fy 
n intracavitary electrogram and arte- 
tial blood pressure (ABP) are shown. A, 
га record obtained after 0.05 mg/kg of 
intravenous digoxin. А premature 
. ventricular stimulus (S4) delivered in 
-early diastole results in a single pre- 
mature response. B, recording from the ner er 
-same dog after 3 additional doses of 
-digoxin (0.01 mg/kg), given every 30 mm 

minutes. A spontaneous repetitive Hg 

ventricular response (RVR) follows the 

` premature ventricular stimulus (5 }). 0 
















right ventricle. The catheter was positioned so that both atrial 

and ventricular depolarization were recorded from the same 

pair of electrodes. The intracavitary electrogram along with 

a lead П electrocardiogram (ECG) and arterial blood pressure 
^, were continuously recorded on a Vetter (model D) FM tape 
. recorder and displayed simultaneously on a Siemans-Elema 
(model 803) ink-writing recorder. 
`“ The serum potassium level was monitored by flame pho- 
tometry and maintained within a physiologic range (3.5 to 4.5 
mEq/liter). The digoxin blood level was measured by radio- 
-immunoassay. The rectal temperature of the dog during the 
-experiment was monitored and maintained (37 to 38°C) by 
an infrared heating lamp. 
^ A bioassay was used to monitor the electrophysiologic ef- 
fects of digoxin on the myocardium. A unipolar cathodal 
‘stimulus (3 times diastolic threshold) was delivered to the 
` ventricles in early diastole every 30 to 60 seconds. The stim- 

ulating electrode consisted of a 0.007-inch Teflon®-coated 

‘stainless-steel wire threaded through а 25-gauge needle and 
bent at the tip to form a small hook. A small surgical incision 
into the peritoneal cavity allowed the insertion of the electrode 
into the ventricular apex without producing a pneumothorax. 
The occurrence of a repetitive ventricular response immedi- 
-ately after the stimulated extrasystole defined the presence 
-of a subtoxic level of digitalis in the myocardium (Fig. 1). 
To prepare the dogs for transthoracic DC shock, each dog 
was placed on its right side and a 12.5-cm paddle (indifferent 
lectrode) was centered in the fourth right intercostal space. 
"The active paddle (8.5 cm) was hand-held over the left fourth 
“intercostal space. Synchronized DC shocks (damped sinus- 
oidal pulse) were delivered from a defibrillator (Hewlett- 
Packard 7020-B) during expiration, 20 to 60 ms after the onset 
ofthe QRS complex. The energy output of the defibrillator 
-.. was calibrated across a 50-ohm load so that repeated shocks 
delivered +1% of the desired energy output. Shock energies 
of 5, 10, 25, 50, 75, 100, 150 and 200 J were delivered, with a 
3 to 10-minute recovery period allowed between successive 
shocks. Shock energies of greater than 200 J (10 J/kg) were not 
used because energies of this intensity may cause irreversible 
myocardial damage.“ The ECG and intracavitary electrogram 
were analyzed at a paper speed of 25 mm/s after each shock 
to determine the onset and duration of VT (defined as 3 or 
more ventricular beats in a row). 

'To minimize the shock artifact in the electrocardiographic 
recordings, all electrodes were disconnected from their am- 
 plifiers using an electronic relay circuit 10 ms before the onset 
_of a DC shock. Thirty milliseconds after termination of the 
shock, the electrodes were switched back to their amplifiers 
to resume normal recording. With the relay circuit activated, 
even with shock energies of up to 200 J, shock-induced elec- 






























ifacts con intently 1 lasted legs than 1.0 
pae recordings after 


Acute experiments: The reproducibility of ve 
arrhythmias in response to transthoracic DC shocks wa 
in 10 control (untreated) dogs. Each dog underwent 3 є 
series of shocks (5 to 200 J), with a 2-hour recovery 
between each series. 

The effect of therapeutic and subtoxic doses of d 
post-shock ventricular arrhythmias was studied in 
After a control series of DC shocks (5 to 200 J), each 
ceived 0.05 mg/kg of digoxin intravenously. Ninety 
after the initial bolus, the serum digoxin level was de 
and a second series of DC shocks (5 to 200 J) was adı 
Additional digoxin (0.01 mg/kg) was administe 
minute intervals until a repetitive ventricular гез] 
curred and was stable for at least 10 minutes (Fig. 1 
point, another serum sample was obtained for dig 
and a third series of DC shocks was administered. " 
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FIGURE 2. Suppression of electrical artifact caused by transti 
shocks. Electrocardiographic lead If, an intracavitary electrog 
arterial blood pressure (ABP) are shown. A, response to a 200» 
(arrow) without the protective relay circuit. Both electrical rec 
were lost for 5 seconds after the shock. B, response to the sa 
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Sob toxic dod of i dion was Kanda in 14 je aie Six of these 
. dogs were brought to toxicity (0.02 mg/kg every 30 minutes) 
Р after the effects of a therapeutic and subtoxic dose of digoxin 
к on post-shock arrhythmias had already been studied. The 
. remaining dogs were brought to toxicity immediately after a 
e control series of shocks. Digoxin blood levels were obtained 
` па] animals that showed overt toxicity. 
E Chronic experiments: In 6 dogs we investigated the re- 
E. ` sponse of the myocardium to transthoracic electrical shocks 
` before and after chronic administration of digoxin. All cath- 
` eters in this set of experiments were sterilized and placed 
. under aseptic conditions. After a control series of DC shocks, 
و‎ each dog was allowed to recover from the anesthesia for 24 
hours and then was given digoxin tablets (0.5 mg) once a day. 
. This daily dose of digoxin resulted in stable therapeutic blood 
. levels of digoxin (1 to 2 ng/ml) within 4 to 5 days after the 
` onset of treatment. Five to 7 days after the onset of digoxin 
| Ex each dog was reanesthetized and given a second series 
ad DC shocks. 
In 6 additional dogs, the effect of digoxin on post-shock УТ 
A3 ` was investigated in the presence of a healed MI. These dogs 
| were anesthetized and subjected to a left thoracotomy under 
. aseptic conditions. The left anterior descending coronary 
_ artery was isolated just proximal to the first diagonal branch 
i and ligated using the Harris 2-stage method.!^ The chest was 
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closed in layers and the dogs were given antibiotic therapy 

(cefazolin) and were allowed to recover for 1 month to assure 
A ` complete healing of the MI. Each dog was then brought back 
_ into the laboratory, anesthetized, and instrumented as pre- 
viously described. The dogs were subjected to transthoracic 
- DC shocks (5 to 200 J) before and after treatment with ther- 
ж; . apeutic, subtoxic and toxic doses of intravenous digoxin. 

. Statistical analysis: All results were expressed as mean 
am standard error of the mean. Because of the large variability 
among animals in the duration of УТ for any given shock in- 
a: _ tensity, we compared different groups using a nonparametric 
` test for paired data, the Wilcoxon matched- -pairs signed-rank 
_ test.!6 Differences were considered to be statistically signifi- 
E at the p 0.05 level. 

n 


č 





15 


H 
i. п CONTROL 
ES 12 THERRPEUTIC DIGOXIN 


L] SUB-TOXIC DIGOXIN 


ICULAR- 





NTR 


" 
ЛЕ 


me 


F 7 к. 
TACHYCARDIA (sec) 


ЭПКЕ? unu 
aT DURATION о 
to 


5 
1 
Ж 
1 
1 


CRW HOO 535} 





Be 
ee 2. ы j | 


E 
EC SHOCK ENERGY LEVEL (joules) 


@ FIGURE 3. The duration of post-shock ventricular tachycardia (VT) as 
д, a function of shock energy in 18 normal dogs treated with therapeutic 
_ апа subtoxic doses of digoxin. The different bar types represent a 
v separate series of shocks in each dog. Duration of VT evoked by the 
+ control series of shocks was not different from the duration evoked by 
_ the shock series after a therapeutic dose of digoxin. Subtoxic doses 
of digoxin significantly increased the duration of VT evoked by the same 
Series of shocks (p «0.0 1). 







Results 

The effects of therapeutic and subtoxic doses of in- 
travenous digoxin on the duration of post-shock V'T is 
shown in Figure 3. Regardless of the dose of digoxin, 
there was a direct relation between the duration of 
post-shock V'T and the intensity of the shock in these 
dogs. Instead of separate statistical comparisons of V'T 
durations at each shock intensity, all of the shock 
energies in a given series were compared simultaneously. 
There was no significant difference in the duration of 
post-shock V'T between the control shocks and the se- 
ries of shocks delivered 90 minutes after a therapeutic 
dose of digoxin. Just before the second series of shocks, 
all dogs were in stable sinus rhythm, there was no re- 
petitive ventricular response and the digoxin serum 
levels were 2.2 + 1.5 ng/ml. However, additional doses 
(0.03 to 0.04 mg/kg) of digoxin to produce subtoxicity 
(repetitive ventricular response) almost doubled the 
duration of post-shock VT compared with control (p 
<0.01) (Fig. 3). The additional dose of digoxin increased 
the serum digoxin levels to 13.9 + 4.7 ng/ml. 

To minimize the possibility that changes in the du- 
ration of post-shock VT after digoxin were due to the 
effect of time or to the repeated delivery of high-energy 
shocks, we delivered multiple series of shocks in 10 
untreated control dogs. In these dogs, 3 separate series 
of shocks delivered at 2-hour intervals resulted in the 
same duration of VT for any given shock energy inten- 
sity as determied by the Wilcoxon test. 

In 11 of the 18 dogs treated with both a therapeutic 
and subtoxic dose of digoxin, we estimated the amount 
of energy needed to produce 1 second of VT. This value 
was interpolated in each animal from the regression 
equation that predicted the best straight line relation 
between the shock energy intensity and the duration of 
post-shock VT. Figure 4 is a plot of VT duration vs 
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FIGURE 4. Duration of ventricular tachycardia as a function of shock 
energy in a dog treated with therapeutic and subtoxic doses of digoxin. 
The measured values along with the lines of best fit determined by linear 
regression analysis are shown. The r values for the regression lines 
were 0.97 (control), 0.99 (therapeutic) and 0.99 (subtoxic). The re- 
gression line for the control shocks and the shocks after a therapeutic 
dose of digoxin were the same. There was a leftward shift of the re- 
gression line after the токе dose of eyes 
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shock energy for a representative experiment. The en- 
ergy required to produce 1 second of VT interpolated 
from the regression line was 25 J (control) 24 J 
(therapeutic) and 17 J (subtoxic). À similar analysis in 
all 11 dogs showed that the mean energy threshold for 
1 second of VT induced by the control shocks (65 + 15 
J) was not significantly different from the energy 
threshold after therapeutic digoxin treatment (64 + 15 
J). However, after subtoxic digitalization, there was a 
significant decrease in the energy threshold (39 + 12 J, 
p «0.01). 

The effect of intravenous digoxin on post-shock VT 
was tested in 6 dogs with a healed MI (32 + 2 days). 
There was no significant difference in the duration of 
post-shock VT before or after the administration of a 
therapeutic dose (0.05 mg/kg) of digoxin (Fig. 5). There 
was also no difference in the energy required to elicit 1 
second of VT (74 + 16 vs 75 + 11 J). The therapeutic 
dose resulted in serum digoxin levels of 2.3 + 1.2 ng/ml. 
After subtoxic doses of digitalis (serum levels 14.5 + 4.8 
ng/ml), there was a 7-fold prolongation of post-shock 
VT (p <0.01). There was also a profound decrease in the 
mean energy threshold for 1 second of VT (29.7 + 8.9 
J, p <0.05). 

The effects of oral digoxin therapy on post-shock 
arrhythmia was investigated in 6 dogs. None of these 
dogs showed spontaneous УТ, ectopic beats, or a re- 
petitive ventricular response before the delivery of the 
second series of shocks. The serum digoxin levels were 
1.5 + 0.5 ng/ml. There was no significant difference in 
the duration of post-shock VT before or during therapy 
(Fig. 6). Likewise,the energy threshold required to 
produce 1 second of post-shock VT was not significantly 
different before (30.4 + 5.9 J) or during treatment (42.8 
+9.9 J). 

DC cardioversion of spontaneous VT induced by toxic 
doses of digoxin was attempted 45 times in 14 dogs, 10 
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FIGURE 5. Effect of therapeutic and subtoxic doses of digoxin on the 
duration of post-shock ventricular tacycardia (VT) in 6 dogs with healed 
myocardial infarcts. The duration of post-shock VT is displayed as a 
function of the shock energy. The 2 bar types represent a separate 
series of shocks in each dog. The therapeutic dose of digoxin did not 
significantly alter the duration of post-shock VT from control values. 
The subtoxic dose of digoxin prolonged post-shock VT by an average 
of 70096 (p «0.01). 
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normal dogs and 4 dod with a MI. In no siste Mu d 1 
we convert this arrhythmia to sinus rhythm. Most : 
shocks (96%) did not alter the cycle length or the mor- E 


the VT cycle length by an average of 60 + 17 ms and 3 
shocks transiently prolonged the V'T cycle length by. p 
an average of 22 + 6 ms. Only 2 shocks produced _ 
transient changes in the morphology of post-shock УТ. 
Spontaneous, digoxin-induced VF was produced in 5. 
dogs. This arrhythmia could not be reverted with 200. M 
J shocks, even transiently, to either sinus rhythm . ^N 
or VT. at 
Discussion | 3 
Transthoracic DC countershock has seen widespread 
clinical use for the treatment of cardiac arrhythmias | 2 
since 1962, when Lown et al!” established the technique _ 
as an alternative to AC countershock. There are nu- _ 
merous case reports of serious post-countershock ven- a 
tricular arrhythmias in patients treated with digitalis.!-^ — 
In a controlled clinical study, the administration of . 
digitalis resulted in new ventricular ectopic activity after 4 
low-energy shocks (10 to 20 J) in 4 of 16 patients.!5 
Furthermore, it was shown in dogs that nearly toxic - 3 
doses of digitalis markedly decreased the energy 
threshold for post-shock ventricular ectopic activity 
and increased the duration of VT for any given shock © 
energy.” These observations led to the widesprea i * 
clinical practice of witholding digitalis for 24 hours be- Е 
fore elective сагаіоуегѕіоп.2,78 
As shown in our study and in previous experimental. 1 
studies,1*? transthoracic DC shocks in the absence of 1 
| 
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digitalis can induce significant ventricular ectopy. The 
duration and severity of post-shock arrhythmia is a 
direct function of the dose of electrical energy. It is also - 
well documented that high-energy synchronized 
countershocks may evoke УТ and VF in patients who 1 
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FIGURE 6. The duration of post-shock ventricular tachycardia аза _ 


function of shock energy in 6 dogs treated with chronic oral digoxin. _ 
The 2 bar types represent a separate series of shocks given before and _ 





- 5 to 7 days after treatment (0.5 mg/day). The chronic administration. 


of digoxin did not alter the duration of ventricular tachycardia evoked | 
by the series of shocks. a 
A 











`һе relative clinical importance of an in- 
between digitalis and electrical shock as op- 
to the direct arrhythmogenic effects of electrical 
s has never been established. 

oth the inotropic and electrophysiologic ef- 
digitalis on the myocardium are dose-depen- 
is reasonable to predict a dose dependency of 
de influences on post-shock arrhythmias. In 
o the well-established effects of toxic. or nearly 



























tal ишда suggest that eer doses of 
may not increase the risk of ventricular ectopy 
ransthoracic DC shock. Ditchey and Curtis!? 
ed shocks of 10, 100 and 150 J to dogs treated 
01, 0.02 and 0.05 mg/kg of digoxin, and found a 
eduction i in the risk of post-shock ventricular 
у. However, the higher doses of digoxin (0.03 and 
g/kg) were each given to only 2 dogs. We used a 
er range of shock energies and higher doses of di- 
The results of our study did not demonstrate a 
ed risk of post-shock VT after therapeutic doses 
mg/kg) of digoxin. However, we did confirm the 
ninary findings of Ditchey and Curtis!? that acute 
lis treatment with a 0.05-mg/kg dose of digoxin 
not increase the risk or severity of post-shock 
cular ectopy. 

hough the myocardial concentration of digoxin 
:60 minutes after intravenous administration,?? 
rum levels we measured 90 minutes after a dose 
05 mg/kg (2.2 + 1.5 ng/ml) probably do not reflect 
equilibration between serum and all tissue com- 
ents. The therapeutic dose of digoxin that we 
istered represents about 50% of the dose neces- 
o produce overt toxicity.?? 

' Ditchey and Curtis!? only administered digi- 
cutely, we also demonstrated that chronic digoxin 
apy did not increase the risk of post-shock VT. The 
rm studies allow us to exclude the possibility of 
nificant effects of digoxin reduction products 
rodigoxin and dehydrodigoxigenin) on post- 
entricular ectopy.?4 

ontrast to the insignificant effects of therapeutic 
s. doses on post-shock ventricular arrhythmias, 
c digitalis doses moderately increased the du- 
of post-shock VT and lowered the energy 
old for 1 second of post-shock V'T in normal dogs. 
ed the term subtoxic to indicate the presence of 
le repetitive ventricular response during prema- 
imulation in the absence of spontaneous ectopy. 
ic digitalization required a total dose of 0.08 to 
mg/kg digoxin; we never observed a repetitive 
cular response after a therapeutic dose (0.05 
). The subtoxic serum digoxin levels that we 
red (13.9 + 4.7 ng/ml) were probably not reflec- 
the myocardial levels, because sufficient time was 
wed between successive doses of digoxin for 
at on between serum Bund tissue Compartieni c 



































| ributable {о digitalis * tricular response occurs in the absence 


involved shock energies of 100 J 





pontaneu 
arrhythmias after the administration of about 68% of 
the toxic dose of digoxin.?? 

It has long been suspected that the infarcted heart 
has a greater sensitivity to the toxic effects of digitalis 
than the normal heart.?5-?? Tesaka et al?? showed that 
dogs with a healed MI require 25% less ouabain to in- 
duce stable VT than normal dogs without MI. The re- 
sults of our study failed to demonstrate a potentiation 
of the arrhythmogenic effects of electrical discharge 
with therapeutic digitalis doses in dogs with MI. How- 
ever, subtoxic digitalis doses increased the duration of 
post-shock V'T for any given dose of energy and de- 
creased the energy threshold for 1 second of VT. The 
decrease in the energy threshold was slightly greater in 
the dogs with MI (53%) than the normal dogs (40%). 
However, the duration of post-shock VT for any given 
shock energy increased to a much greater extent in the 
infarcted dogs (700%) than in the normal dogs (100%). 
The longer duration of post-shock ectopy after subtoxic 
digitalization in the dogs with MI may reflect a greater 
sensitivity of the damaged myocardium to the ar- 
rhythmogenic effects of digitalis. 

Previous studies in dogs treated with toxic doses of 
digitalis showed that countershocks of up to 400 J were 
totally ineffective in terminating spontaneous УТ.6 
Interestingly, the electrical discharges had little influ- 
ence on the rate or morphology of the VT and did not 
evoke VF.9 Similar results were also obtained in the 
present study during spontaneous digoxin-induced VT. 
Although countershock did not terminate digoxin-toxic 
V'T, it did not aggrevate the tachycardia or increase the 
risk of post-shock VF. 

The results of the present experiments failed to es- 
tablish an interaction between digitalis and electrical 
shocks that results in truly life-threatening arrhythmias. 
On rare occasions we observed a post-shock УТ that 
degenerated to VF. However, the presence of digitalis 
did not alter the incidence of this occurrence. Previous 
experimental studies also failed to demonstrate a sig- 
nificant mortality associated with electrical shocks in 
the presence of even toxic doses of digitalis.9? It is 
conceivable that there may be multiple factors (elec- 
trolyte abnormalities, ischemia, antiarrhythmic drugs) 
that might adversely influence a countershock-digitalis 
interaction in the clinical setting. However, a recent 
clinical study indicated that patients receiving digoxin 
without clinical evidence of toxicity are at low risk for 
serious post-countershock arrhythmias even when 
serum digoxin levels are modestly elevated.!! Further 
studies will be required to definitively establish the 
safety of DC countershock in digitalized patients. 


Acknowledgments: The technical assistance of James 
Murdock, Michael Wallock and John Scanlon is gratefully 
acknowledged. Special thanks to R. Henkin, MD, for per- 
forming the digoxin assays. 


References 


1. Rabbino MR, Likoff W, Dreifus LS. Complications and limitations of di- 
 rect-current Countershock. JAMA int 90:93--96. ү 











mJ Med Sci 19 3:49: 800-304. UM шо; 
. Gilbert R, Cuddy RP. Digitalis intoxication ойи c conversion to sinus 
тут. Circulation 1965: 32:58-64. 
Kleiger R, Lown B. Cardioversion and digitalis. Н. Clinical studies. Circulation 
1966;33: 878-885. 
Lown B, Kleiger R, Williams J. Cardioversion and digitalis drugs: changed 
; threshold to electric shocks in digitilized animals. Circ Res 1965;17: 
7. Resnekov L. Present status of electroversion in management of cardiac 
` dysthythmias. Circulation 1973;47:1356-- 1363. 
8. Dorney ER. The use of cardioversion and pacemakers in the management 
` of arrhythmias. іп: Hurst JW, Logue RB, Schlant RC, Wenger NK, eds. The 
`: Heart. New York: McGraw-Hill, 1978: 695. 
9. Ten Eick RE, Wyte SR, Ross. SM, Hoffman BF. Post-countershock ar- 
^ rhythmias in untreated and digitalized dogs. Circ Res 1967:21:375--390. 
i Drony Y С Curtis GP. Effects of apparently nontoxic doses of digoxin on 
2 icular ectopy after direct-current electrical shocks in dogs. J Pharmacol 
Exp Ther 1981;218:212-216. 
. Ditchey RV, Karliner JS. Safety of electrical cardioversion in patients 


3 Peleska B. Савар Ee following 0 


enser 
an inductance: comparison with effects of pure disel 
1965;13:11-19. 

Ang T. Synchronized DC precordial shock for arrhythmi 
86:1-7. ; 
Resnekov L, MacDonald L. Complications in 220 patient: 
arrhythmias treated by phased direct current shock and in 
electrocardioversion. Br Heart J 1967;29:926—936. 
Doherty JE, Perkins WH. Tissue concentration and turno: 

digoxin in dogs. Am J Cardiol 1966;17:47-52. 

Klein M, Nejad S, Lown B, Hagemeijer F, Barr 1. Correlation « 
and mechanical changes i in the dog heart during progressiv: 
Circ Res 1971;29:635-645. 

Doherty JE, deSoyza М, Kane JJ, Bissett JK, Murphy ML. 
macokinetics of digitalis glycosides. Prog Cardiovasc Dis . 


Bellei S, Johnston CG, Schecter A. Effect of cardiac infarcti ! 


without digitalis toxicity. Ann intern Med 1981;95:676--679. 
Ali N, Dais K, Banks T, Sheikh M. Titrated electrical cardioversion in patients 
on digoxin. Clin Cardiol 1 982;5:417-419. 
. Lown B. Electrical stimulation to estimate the degree of digitalization. Am 
-J Cardiol 1968;22:25 1-259. 
Babbs EF, Tacker WA, VanVieet JF, Bourland JD, Geddes LA. Therapeutic 
indices for transchest ‘defibrillator shocks: effective, damaging, and lethal Experimental myocardial infarction. VI. Efficacy and toxicity o 
electrical doses. Am Heart J 1980;99:734-738. acute and healing phase in intact conscious dogs. J Clin invest 
Harris AS. Delayed development of ventricular. ectopic rhythms following 358-364. 
experimental coronary occlusion. Circulation 1950; 1:13 18-1328. lesaka Y, Aonuma K, Gosselin АЈ, Pinakatt T, Stanford. W, 
16. Glantz SA. Primer of Biostatistics. New York: McGraw-Hill, 1981:284— Sampsell R, Rozanski JJ, Lister JW. Susceptibility of infarc 


erance of dogs to digitalis. Arch Intern Med 1934;54:509-5 16 
Travell J, Gold H, Modell W. Effect of experimental cardiac inf. 
response to digitalis. Arch Intern Med 1938;61:184--197.  - 
Morris JJ, Taft CV, Whalen RE, Mcintosh. HD. Digitalis and ex 
myocardial infarction. Am Heart J 1969;77:342--355. 
Kumar В, Hood WB, Joeson J, Gilmour DP, Norman JC, Abelman 


292. hearts to digitalis-toxic ventricular tachycardia. JACC 1983;2:4 
































Чайоп between endocardial activation map- 
ind endocardial pace-mapping was evaluated 
gs while they were on cardiopulmonary by- 
‘acing or recording was accomplished by 
| balloon apparatus (with 32 bipolar elec- 
;) inserted through a left apical ventriculotomy. 
icular tachycardia (VT) was produced by oc- 
n followed by reperfusion of the left anterior 
nding coronary artery. During each VT, acti- 
on mapping was performed and early sites de- 
red. Pace-map correlates (sites at which 
cardial pacing produced a similar QRS 
vology to that of the VT) were also determined. 
hronous maps were constructed for activation 
g and pace-mapping. There was a total of 29 
logically distinct VTs. Groups were delin- 
ccording to correlations between activation 
ing and pace-mapping. In 14 episodes of VT 
1), pace-mapping confirmed the findings of 
ion mapping with all early sites being pace- 
rrelates (total number of early sites (ES) = 
tal number of pace-map correlates (tPMC) = 


perative electrophysiologic mapping is a valuable 
que in the direction of surgical treatment for 
reatening, drug-refractory ventricular arrhyth- 
5 Endocardial activation mapping is of use in the 
fication of the site of origin of ventricular tachy- 
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88; {ES same as tPMC = 19). In 9 episodes of VT _ 
(group 2), there was a partial correlation between 7 
pace-mapping and activation mapping, such that 
pace-mapping when used with activation mapping 
appeared to further delineate the region of ar- 
rhythmogenesis (tES = 31; tPMC = 59; tES same 
as tPMC = 14). In 6 episodes of VT (group 3), there 
was no correlation between pace-mapping and 
activation mapping (tES = 15; tPMC = 0). With the 
balloon apparatus, endocardial activation mapping 
сап be performed without the need for sustained = 
monomorphic VT, and endocardial pace-maps may 
be generated easily. Although pace-mapping is less _ 
specific and accurate than activation mapping in 
determining the origin of VT, its use with activation . 
mapping may provide greater resolution than with |. 
either technique alone. By comparing pace-map 
correlates with early sites and using respective 
isochronous maps, a refined view of the origin and | 
conduction of VT may be obtained. 











(Am J Cardiol 1985;55:1076-1083) 










cardia (VT).9O9 One limitation of conventional methods 
is the need to induce sustained monomorphic VT in 
order to obtain a complete endocardial map. However, _ 
a method that permits the simultaneous mapping of . . 
multiple endocardial sites, thereby obviating this need, 
has recently been described.’ n 
Pace-mapping, based on the ability of pacing to re- ~ 
produce the QRS morphology of the VT, has been used 
as an adjunct to or as a replacement for activation 
mapping.!*-!4 Techniques of endocardial pace-mapping  - 
include intraoperative direct stimulation!?!? and pre- = > 
operative catheter electrode stimulation.!4 Although 
catheter pace- mapping as it relates to catheter. acti 
tion mapping has been evalua 
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operative activation mapping reported,!? no study has 
been directed at the relation between intraoperative 
endocardial pace-mapping and intraoperative endo- 
cardial activation mapping. 

We developed a balloon apparatus that allows re- 
cording from multiple endocardial sites simultaneously, 
eliminating the requirement for sustained monomor- 
phic УТ. Also, because this approach permits pacing the 
identical sites from which recordings are taken, intra- 
operative endocardial pace-mapping as it relates to 
intraoperative endocardial activation mapping can be 
evaluated. 


Methods 


Surgical preparation and experimental protocol: Ex- 
periments were performed on 8 mongrel dogs that weighed 20 
to 30 kg. The dogs were anesthetized with intravenous sodium 
pentobarbital, 30 mg/kg body weight, and ventilation was 
provided through a cuffed endotracheal tube using a volume 
ventilator. The femoral artery was cannulated for arterial 
pressure monitoring. All surface electrocardiographic limb 
leads were recorded continuously. Either a bilateral transverse 
thoracotomy with transection of the sternum or a median 
sternotomy was performed. The vagus nerves and stellate 
ganglia were severed to effect complete autonomic decen- 
tralization and thus stabilize heart rate. The pericardium was 
opened and a cradle constructed. The right atrium and either 
the aorta or left subclavian artery were cannulated. The dog 
was placed on normothermic cardiopulmonary bypass at a 
flow rate of 60 ml/kg/min. The balloon apparatus (described 
later) was placed with an inserter through a left apical ven- 
triculotomy (2-cm incision); the ventriculotomy simulates the 
clinical approach. The inserter was retracted once the balloon 
apparatus was positioned. A pursestring suture was placed 
around the point of insertion to hold the apparatus in 
place. 

After balloon inflation, endocardial mapping using the 32 
electrodes on the balloon apparatus was accomplished during 
normal sinus rhythm (NSR). The 32 inputs were connected 
to a digitally controlled analog multiplexer-amplifier capable 
of multiplexing 64 signals with a bandpass frequency range 
of 10 to 150 Hz and an input impedance of 40 МО. Eight si- 
multaneous signals, rapidly switched 4 times, generated 32 
electrograms corresponding to 32 endocardial sites. Data from 
the electrodes and the 6-lead electrocardiogram (ECG) were 
reproduced on chart paper at a speed of 250 mm/s using the 
Siemens-Elema Mingograf 1605 recorder. Pace-mapping of 
the left ventricle was then accomplished using the 32 elec- 
trodes. Without deflating the balloon apparatus or changing 
its orientation, each individual electrode was paced using a 
programmable stimulator (Medtronic model 5325). Record- 
ings of activation were taken from the other 31 electrodes 
during the pacing of each site. The data were recorded at paper 
speeds of 25 and 250 mm/s. 

Myocardial ischemia was produced by passing a suture 
around the left anterior descending coronary artery proximal 
to the main diagonal branch; occlusion was accomplished by 
placing a piece of tubing snuggly against the artery. If spon- 
taneous VT occurred during occlusion, activation mapping 
was promptly performed and the data were recorded on chart 
paper. After 30 minutes, the left anterior descending coronary 
artery was reperfused. Reperfusion often resulted in sponta- 
neous VTs, which were mapped. If VT did not result, pro- 
grammed stimulation (Medtronic model 5325) of the left 
ventricle was performed using 1 of the 32 endocardial 
electrodes for induction of VT. In addition, it was usually 
possible to produce multiple morphologic patterns of VT, 
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with either programmed stimulation or mechanical manipu- - 
lation of the heart. 3 
Endocardial signals were analyzed by using onset of the | 
QRS complex in electrocardiographic leads П or III as a time 3 
reference. Electrogram activation was determined in the _ 
manner described by El-Sherif et а1.16 Briefly, if the electro- ^ 
grams showed an intrinsic deflection, the maximal slope was _ 
taken as the moment of activation; if a slow multiphasic de- ?] 
flection was present, the maximum peak of the signal was | 
chosen. 
Isochronous maps were constructed manually from acti- 
vation sequences recorded during УТ and during pacing. At 
the end of experiments, the dogs were killed and the hearts _ 
opened to verify the orientation of the apparatus. ул 
Endocardial balloon apparatus: The endocardial balloon 
apparatus (Fig. 1) was constructed with an expandable nylon 
fabric as the outer covering on which 32 bipolar electrodes 
were mounted. The fabric was sewn together so that when it 
was expanded, a specific distribution of electrodes resulted. 
A black line was marked on the fabric for orientation. A thin - 
latex balloon was then placed within the endocardial “sock”; _ 
when inflated, the balloon maintained constant contact ofthe — 
electrodes with the endocardium. The balloon apparatus was | 
connected by polyethylene tubing to a larger balloon placed | 
within a pressure bag; it was also connected separately by a 
stopcock to a hand-held manometer. In this manner, pressure _ б 
in the balloon apparatus could be monitored, and potentially _ 
high pressures, which may result in endocardial damage, could 
be displaced from the endocardial balloon into the balloon in — 
the pressure bag. Pressure in the balloon apparatus was 60 mm 
Hg systolic and 40 mm Hg diastolic. s 
Each bipolar electrode was constructed from a thin plastic - 
base (1 mm thick) with two 36-gauge insulated copper wires _ 
attached. The tips of the wires were covered with metal 
spheres 1 mm in diameter. The distance between the 2 ter- 
minals was 1 to 2 mm. The size of each electrode was about 3 
X 4 mm. When the balloon was inflated, the bipolar electrodes 
were distributed uniformly on the nylon “sock” and were 10 
to 12 mm apart. 
Placement of the balloon apparatus was accomplished by 
using an inserter (Fig. 1), constructed from a 6-ml syringe with 
the tip truncated and beveled. The deflated apparatus was 
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FIGURE 1. Endocardial balloon apparatus and inserter. A thin latex 
balloon was placed within an expandable nylon covering on which were 
mounted 32 bipolar electrodes. The black lines on the balloon apparatus 
and the inserter were used for orientation purposes. 


© АР: چا‎ Са >t) ~ гь 3 E EFT 







nding coronary artery. This зз: localization 
ual electrodes after the inserter was retracted and 
inflated. 






























Results 


otal, there were 29 morphologically distinct VTs.. 
gs had at least 1 episode of VT either during oc- 
or after reperfusion. 

ocardial activation mapping: Endocardial 
tion mapping was performed during NSR and 
УТ. An example of activation mapping during 
before occlusion of the left anterior descending 
ary is shown in Figure 2. Thirty-two electrograms 
ecorded after insertion and inflation of the bal- 
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йышт site of the carly activation was evident. Tracings : 
recorded from the same dog during an episode of VT are — 
shown in Figure 3. The position and orientation of the 
balloon apparatus were identical to those in Figure 2. 
Of the recorded signals, early activation was identified 

at sites 1 and 29. Electrogram 25 also appeared to be 
relatively early. However, because of its wide morpho- 
logic pattern, this electrogram probably represented 
volume conduction secondary to poor contact of the 
electrode with the endocardium—in this case, around 
the region of the posterior papillary muscle. 

In most instances, recordings from all 32 sites were 
obtained during mapping. In some cases (Fig. 3), how- 
ever, fewer than 32 sites were adequately mapped (28 
to 31) because of the mechanical action of mitral valve 
or papillary muscle, the trabeculae or defective elec- 
trodes, all of which may contribute to poor endocardial 
contact. 

Activation map isochrones: For each experiment, 
isochronous maps reflecting endocardial spread of ac- 
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tivation were constructed from recordings of activation 
sequences. In Figure 4, the isochronous map of the VT 
depicted in Figure 3 is shown. The isochrones were 
plotted at 4-ms intervals; left ventricular activation 
spread concentrically from the presumed site of origin 
of the V'T at the anterior apex (site of early activation) 
to the posterobasal region (site of late activation). The 
asterisk in Figure 4 is at site 25, where the activation 
could not be determined. By using isochronous maps, 
activation sequences during VT could be compared 
with those during various interventions, such as pace- 
mapping. 

Pace-mapping: All 32 endocardial electrodes were 
individually paced while recording 32 paced morpho- 
logic patterns of the QRS complex in the electrocar- 
diographic limb leads. Each paced morphology was 
compared with that of the VT. A pace-map correlate 
(PMC) was defined as a site at which endocardial pacing 
produced a similar or identical morphologic pattern of 
the QRS complex to that of the VT, regardless of the site 
of early activation. The morphologic patterns of the 
QRS complex in the 6 electrocardiographic limb leads 
during an episode of VT were compared with those 
obtained from pacing sites in the anterolateral region 
of the heart (Fig. 5). The morphologic patterns of paces 
1, 2,3 and 5 were similar to the morphologic pattern of 
the УТ, and these sites were considered PMCs. On the 
other hand, the morphologic patterns of pace 4 and 6 
were unlike the pattern of the VT and were not con- 
sidered PMCs. Early activation in this case occurred at 
the pace 1 site. 

The number of PMCs in an episode of VT with PMCs 
was variable (mean 6.4). The most PMCs for a single 
episode of VT was 11 (2 cases), and the sites were con- 
tiguous. In most cases, however, there were fewer than 
11 PMCs. The smallest number of PMCs in an episode 
of VT with PMCs was 2. 

Groups were delineated retrospectively according to 
correlations between activation mapping and pace- 
mapping. In 14 episodes of VT classified as group 1 in 
Table I, pace-mapping confirmed the findings of acti- 
vation mapping. In this group, there were more PMCs 
than early sites, with all early sites being PMCs (Fig. 6). 
'The mean difference in the number of PMCs and the 
number of early sites was 5; also, the PMCs that were 
not early sites were at sites adjacent to or near the early 
sites. Therefore, although pace-mapping in this sense 
was not as specific as activation mapping in determining 
the presumed origin of the VT, it had a role in con- 
firming the findings of activation mapping and delin- 
eating the approximate region of origin. These findings 
are consistent with those of a previous study.!4 

In group 2 (Table I), there was a partial correlation 
between pace-mapping and activation mapping, such 
that pace-mapping when used with activation mapping 
appeared to delineate further the region of arrhyth- 
mogenesis. In 9 episodes of VT the total number of early 
sites that were also PMCs (i.e., overlap) was smaller 
than either the number of early sites or the number of 
PMCs (Fig. 6). The regions of partial correlation or 
overlap may therefore permit confirmation and further 
delineation of the suspected origin of VT. In 1 episode 









Groups According to Correlations Between — 
Activation Mapping and Pace-Mapping k 


TABLE | 


(ES same as _ 


tES tPMC tPMOVtES* — — 











Group 1 (n = 14) 19 
Group 2 (n — 9) 31 59 14/31 
Group 3 (n = 6) 15 0 0/15 у 


* Total number of early sites that were also расе-тар correlates/ У 
total number of early sites. ) 

п = number of ventricular tachycardias; tES = total number ies [4 
sites; tPMC = total number of расе-тар correlates. 


of VT in this group, the sites of early endo Я 
breakthrough were at discrete locations. There were 4 _ 
early sites, 3 of which were around the apex and 1 at the | 
lateral wall. The 2 apical sites were also PMCs. Pace- - 1 
mapping therefore provided support to an apical осина | 
of the VT. 
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FIGURE 4. Isochronous map of an episode of ventricular tachycardia. _ 
Top, schematic representation of the heart for reference. Bottom, _ 
isochronous map of the ventricular tachycardia depicted in Figure 3. _ 
The isochrones are plotted at 4-ms intervals. The asterisk indicates us 
site 25, the activation of which is indeterminable. | E 
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E m ipei (Table D. Pacing the 39 endocardial sites did 
ET iot result in PMCs (Fig. 6). Similarly, recordings taken 
during those У'Тз often failed to show any distinctly 
_ early sites. A recording taken during one of the 6 VTs 
ES iss shown in Figure 7; no obvious early sites (relative to 
the surface QRS complex) were present. 
gel | Pace-map isochrones: To construct isochronous 
maps during pace-mapping, pacing and recording were 
, combined, such that each endocardial electrode was 
sed to pace while the other 31 electrodes recorded. On 
е basis of activation sequences recorded while pacing 
4 f the site of early activation and adjacent sites, isochro- 
| nous maps for these sites were constructed. 
Comparison of isochronous maps: The isochronous 
[i of VT and the isochronous map from pacing the 
. early site were compared (Fig. 8). The site paced is 
a . considered time 0 (i.e., 0 ms). The spread of activation 
- of the VT (Fig. ЗА) was similar to that when pacing the 
I early site (Fig. 8B). To analyze the specificity of pace- 
ma pping, isochronous maps were also constructed while 











Ü E the adjacent site, in this case, was a PMC. This 
| ше that isochronous maps may be of use їп delin- 





3 oh a PMC can also result in a similar spread of activation 
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xo (o that of the VT, as ме оп eee eco pde map. à d. 
Figure 8D represents an isochronous map of another 
V'T; the early site (Fig. 8E) and the adjacent site (Fig. 
8F) appear to have a similar spread of activation. 


Discussion 


The results of the present study suggest that (1) en- 
docardial activation mapping may be performed with 
the balloon apparatus without the need for sustained 
monomorphic VT; (2) endocardial pace-maps may be 
generated easily with the balloon apparatus (the same 
electrode used to record may be used to pace); and (3) 
although pace-mapping is generally less specific and 
accurate than activation mapping in identifying the 
origin of VT, its use with activation mapping may pro- 
vide greater resolution than with either technique alone. 
Also, by comparing PMCs with early sites and using the 
respective isochronous maps, a refined view of the origin 
and conduction of VT may be obtained. 

'The problems inherent in conventional methods of 
intraoperative activation mapping (using an exploring 
electrode) have been reported.!:2 The main limitation 
is the need to induce sustained monomorphic VT to 
sample from numerous epicardial or endocardial sites. 
To overcome this limitation, the “sock” array, which 
permits simultaneous mapping of multiple epicardial 
sites, was devised.’ However, epicardial mapping may 
not be sufficient in identifying the origin of the V'T,9.10 
because the sites of epicardial breakthrough are distant 


FIGURE 5. Pace-map correlates. The morphologic pat- 
terns of the QRS complex in the 6 electrocardiographic 
limb leads during ventricular tachycardia were compared 
with those during pacing at the 32 endocardial sites, 6 of 
which are illustrated. Paces 1, 2, 3 and 5 were considered 
pace-map correlates; pace 4 and 6 were not pace-map 
correlates. The site of early activation was at the pace 
1 site. Surface leads |, Il, Ill, aVR, aVL, and aVF are 
shown. 
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from the sites of origin by a varying extent (5 mm to 6 
cm).? Therefore, endocardial activation mapping should 
be performed in order to identify the origin of VT.9.10 
The balloon apparatus permits the simultaneous 
mapping of multiple endocardial sites without the need 
for sustained monomorphic VT. Recently, deBakker et 
al!! developed a similar balloon electrode. 

The theoretical advantages of pace-mapping have 
been described.!2-!4 Pace-mapping can be performed 
rapidly because only a few beats are needed to be used 
as comparison, the need to induce VT is avoided at the 
time of surgery, and the time spent on cardiopulmonary 
bypass is reduced.!?-!^ However, pace-mapping has 
limitations. Because of mechanical manipulation of the 
heart, there is possible alteration of the ECG if postero- 
basal portions of the heart are to be mapped intra- 
operatively (whether epicardial or endocardial) with 
conventional methods; similar problems are also present 
in attempting to pace the interventricular septum.? 
Furthermore, the inability to use the preoperative ECG 
as a comparison with the intraoperative ECG (with 
an open chest) would necessitate the induction of VT 
intraoperatively.?.14 

In evaluating pace-mapping, Josephson et а!“ com- 
pared catheter endocardial pace- -mapping with catheter 
endocardial activation mapping. However, previous 
studies have noted inherent limitations of the catheter 
mapping technique, including difficulty in obtaining 
accurate and reproducible catheter position and in- 
ability to localize precisely the origin of VT to a region 
smaller than a few square centimeters.!°:!8-29 Also, in 
attempting to pace the site of early activation, more 
than 30 minutes is required before a paced QRS mor- 
phology similar to that of the VT is obtained.!^ This 
present study, therefore, is an extension of the previous 
work!* in the evaluation of pace-mapping. The balloon 
apparatus removes the difficulties of conventional 
methods and the possibility that the exploring electrode 
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FIGURE 6. Relation of early sites (ES) and pace-map correlates (PMC). 
In group 1, all early sites were pace map correlates. In group 2, there 
was an overlap of early sites and pace-map correlates. In group 3, there 
were no pace-map correlates. 
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olume 55 108 Ж 
is sot TAE at T same v ilte with the same orienta tion | 
when pacing is performed after termination of activ. a | 
tion mapping. The total time needed to pace the 3: 2 
endocardial sites is about 5 minutes. The determinatio iL 
of PMCs by inspection of the data requires an addi 4 
tional 5 minutes. | $3 ей 
Pace-mapping is not more accurate than activati on y 
mapping.!4 In our study, group 1 (in which there were 
more PMCs than early sites, with all the early sites bein ng dc 
PMCs) confirms this finding. Pace-mapping in this d 
group offers only corroborative data. A possible expla- E 
nation for the greater number of PMCs than early sites _ 
(and therefore the lack of accuracy) is that adjacent si ^ 
when paced may conduct retrogradely in the same _ 
manner as the VT; this may also apply to some cases dn | 
group 2. Therefore, the spread of activation may be 
similar across the epicardial surface, and the resultant у 
morphologic pattern of the QRS complex would E bi e 
similar to that of the VT.'4 Also, one may be stimulating _ 
at a limb of the circuit from which the wavefront ex- 
ists,!4 in which case the ECG produced may be simil: ar F 
to that of the VT. a 
On the other hand, pace-mapping in many instance 
(group 2) may provide additional information. 1 wi 
number of early sites that were also PMCs (i.e. ponen 


ЇХ. 
' Ar 
wre 

ry 


Ne 


TEN 





aVR 
амі. 
aVF 
1 
2 
3 
м! Ц ; 2 
4 Ty ou 20— س‎ 
' i: Mu 
4 4 = Eg 
5 " EET qo 21 — A д. 
ә Mr. 
| n 
6 22 Кр 





i m Pa ЖЫ S gh 
kima wer 28 Jie ^ 
10 gam "A Ju РОЩИ А ИЙ 1 
e 

на 28 A, : 9 

29 | ~~ o 

30 Meri 

"am == сей 
32 ~. word F 


msec‏ 300 سم 


рЫ 
FIGURE 7. Activation mapping during an episode of үөн 
tachycardia, in which there were no distinctly early sites and no pace- - 





12 








map correlates. Thirty-two electrograms and surface leads 1, I, Ш, aVR, _ 
aVL, and aVF are shown. a. 
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ў, number. of PMCs. In this manner, the suspected origin 
` of VT (presumably the early sites) can be further de- 
he  lineated by determining the early sites that were also 
n. However, one must consider possible mecha- 
- nisms that may affect this outcome: the disparity i in the 


Es E im when расей, may not conduct retrog- 
. radely in the same fashion as the VT; because of a dis- 
. similar spread of activation, a morphologically different 
eye QRS complex (compared to that of the VT) would re- 
5 sult. Altered retrograde conduction may be related to 
-. local factors such as ischemia, infarction and previous 
| ` endocardial changes. Therefore, pacing the early site 
- could result in a morphologic pattern of the QRS com- 
e plex distinct from that of the VT. Multiple morphologic 
_ patterns of VT can represent variable exit sites or ven- 
tricular activation during the same tachycardia.!? This 
shift i in morphologic pattern may occur when pacing 
е early site, and consequently, the paced morpho- 
logic pattern would not correspond to the morphology 
. of the VT. 

— Delayed endocardial breakthrough: The site of 
| “early activation” reflects early endocardial break- 
- through, but is not necessarily the origin of the VT, 
- Which may be at an adjacent or distant site. This other 
site may have a relatively later endocardial break- 
1 through secondary to the factors stated (such as ische- 
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of the left ventricle.? Although endocardial activation 
mapping provides a better reflection of the activation 
sequence than epicardial activation mapping,?:!° the 
origin of the arrhythmia may be in the subendocar- 
dium.??! This subendocardial origin then may not be 
detected as an “early site” by endocardial activation 
mapping. Furthermore, when paced, the “early site” 
would not be a PMC; instead, another site with a later 
endocardial breakthrough may be a PMC. 

Finally, pace-mapping may provide information 
concerning the origin of V'T in terms of whether it is in 
the right or left ventricle. In group 3, there were no 
PMCs. Moreover, the sites of “early activation" were 
relatively late compared with the QRS complex. A 
possible explanation for the occurrence of VT without 
PMCs is a right ventricular origin for the VT. In this 
case, the spread of activation from the right to the left 
ventricle and the subsequent epicardial breakthrough 
would be reflected by the ECG.9:?! Data from Group 3 
support the possibility of a right ventricular origin. 
Clinically, this possibility can be studied preopera- 
tively.20.22 

The variable specificity of isochronous maps may be 
explained. As shown in Figure 8 (panels A, B and C), 
isochronous maps may be quite specific for the origin 
of VT. To differentiate 2 sites, both considered to be 
potentially arrhythmogenic with similar paced mor- 
phologic patterns and close activation times, the gen- 
eration of isochronous maps of the V'T and from pacing 
may permit comparison of the spread of activation, 


` FIGURE 8. Comparison of isochronous maps during ventricular tachycardia and isochronous maps during pacing from early and adjacent sites. 

s Note the similarity between isochronous map from an episode of ventricular tachycardia (A) and that obtained from pacing the early site (B) in the 
bj f same animal. There was a dissimilarity between the map of the ventricular tachycardia (A) and that obtained from pacing an adjacent site that was 
. 8 pace-map correlate (C). In a different dog, note the similarity among the map during ventricular tachycardia (D), that obtained from pacing the 


early site (E) and that obtained from pacing the adjacent site m The isochrones are plotted at 4-ms intervals. 
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hown (Dak D E and F) thal there may be instances 
where isochronous maps from pacing a site adjacent to 
the early site may be similar to that of the VT. A pos- 
-sible explanation is that similar retrograde conduction 
-may occur at the adjacent site even though this site is 
not the origin of the VT.!* The adjacent site may also 
be part of the region of arrhythmogenesis (especially if 
a macro-reentrant circuit is implicated as the cause of 
УТ), in which case a similar isochronous map could re- 
-sult when the adjacent site is paced. Thus, the com- 
` parison of isochronous maps can assist in identifying the 
. origin of VT, but should not be solely relied upon. Also, 
© because of the amount of time required to construct 

these isochronous maps manually, they can be of sig- 

nificance in the clinical setting only if they are rapidly 
: e e.g., by a computer, as described by Harrison 
. etal. 

Evaluation of intraoperative endocardial pace- 
mapping: Intraoperative endocardial pace-mapping 
can be performed rapidly and easily with the balloon 
apparatus. The question of its accuracy, as noted in a 
previous study,“ exists in this study as well. Generally, 
the decreased accuracy of pace- mapping when com- 
| pared to activation mapping in localizing the origin of 
VT precludes the sole use of this technique when the 
latter is available. Endocardial pace-mapping, however, 
‘can be used as an adjunct to endocardial activation 
1 mapping and may be of use in confirming the site of 
origin of VT as detected by activation mapping and in 
letermining the approximate region of the origin in the 
event of unsuccessful activation mapping. These find- 
ings are consistent with a previous study.!4 Pace- -map- 
ping may also be of use in the delineation of the origin 
of VT when there are multiple early sites, either 
contiguous or discrete, as determined by activation 


mapping. 


































References 


"Waldo AL, Arciniegas JG, Klein Н. Surgical treatment of life-threatening 
ventricular arrhythmias: the role of intraoperative mapping and consideration 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18 


19. 


20. 


21. 


22. 


. Harken AH, Josephson ME, Horowitz LN. Surgical endocardi 





0 cirophysiologic 
1982:49: 221-240 | T с 
Boineau ЈР, Cox JL. Rationale for a direct surgic appr 
ventricular arrhythmias. Am J Cardiol 1982:49:381 [-396. 
Moran JM, Kehoe RF, Loeb JM, Lichtenthal PR, Sanders JH 
LL. Extended endocardial resection for the treatment of ventri 
cardia and ventricular fibrillation. Ann Thorac Surg 1982;34 
Moran JM, Kehoe RF, Loeb JM, Sanders JH, Tommaso CL, M 
" rative therapy of malignant ventricular rhythm disturbance 
1983; 198:479-486. 



















for the treatrnent of malignant ventricular tachycardia. Ann. 
190:456--460. 
Horowitz LN, Harken AH, Kastor ЈА, Josephson ME. Ventricul 
guided by epicardial and endocardial mapping for treatment. 
ventricular tachycardia. N Engl J Med 1980;302:589-593. -. 
Guiraudon б, Fontaine G, Frank В, Leandri R, Barra J, Cabrol 
treatment of ventricular. tachycardia guided by ventricular тар 
AO without coronary artery disease. Ann Thorac Sur 
Spielman SR, Michelson EL, Horowitz LN, Spear JF, Moore: 
tations of epicardial n ing as a guide to the surgical therapy о 
tachycardia. Circulation 1978;57:666-670. 
Horowitz LN, Josephson ME, Harken AH. Epicardial and endoc 
tivation during sustained ventricular tachycardia in man. € 
1980;6 1:1227-1238. . 

deBakker JMT, Janse MJ, vanCapelle FJL, Durrer D. Endocardia 
by simultaneous recording of endocardial electrograms dur. 
surgery for ventricular aneurysm, JACC 1983;2:947-953. — 
Curry PVL, O'Keefe DB, Pitcher D, Sowton E, Deverall PB,- 
Localization of ventricular tachycardia by a new technique—pa 
{abstr}, Circulation 1979;60:Suppi :1--25. 

O'Keefe DB, Curry PVL, Prior AL, Yates AK, Deverall PB, 
Surgery for ventricular tachycardia using operative pace-map; 
Br Heart J 1980;43:116. 

ME, Waxman HL, Cain ME, Gardner MJ, Buxton AE 
activation during ventricular endocardial pacing. Н. Role of pa 
localize origin of ventricular tachycardia. Am J Cardiol. 198 
2 | 
Josephson ME, Horowitz LN, Spielman SR, Greenspan АМ, \ 
Harken AH. Comparison of endocardial catheter mapping w 
ative mapping of ventricular tachycardia. Circulation 1980:61 
El-Sherif N, Smith RA, Evans К. Canine ventricular. arrhythrni | 
myocardial infarction period. 8. Epicardial mapping of reentran 
Circ Res 1981,49:255-265.. 
Harrison L, ideker RE, Smith WM, Klein GJ, Kasell J, Wallace 
lagher JJ. The Sock. electrode array: a tool for determining glob; 
activation during unstable arrhythmias. PACE 1980;3:53 1-540. 
Josephson ME, Horowitz LN, Farshidi A, Spielman SR, Mich 
Greenspan AM. Recurrent sustained ventricular tachycardia. 4. P 
phism. Circulation 1979;59:459-468. 
Waxman HL, Josephson ME. Ventricular activation during venti 
docardial pacing. |. Electrocardiographic patterns related to the 
pacing. Am J Cardiol 1982;50:1~10. . d 
Josephson ME, Horowitz LN, ‘Spielman SR, Waxman HL, Gre 5 
Role of catheter mapping in. the ‘preoperative evaluation of vet 
tachycardia. Am J Cardiol. 1982;49:207 220. 

Horowitz LN, Spear JF, Moore EN. Subendocardial origin of v 
arrhythmias in 24-hour experimental myocardial infarction. 
1976;53:56-63. Е 
Josephson ME, Horowitz LN, Farshidi A, Spear JF, Kastor ЈА, | 

Recurrent sustained ventricular tachycardia. 2. Endocardial тарр 
culation 1978;57: 440-447. 







































































































есоте the property of the Publisher, that the work has 
iously published, and that the data in the manuscript have 
ved by all authors, who agree with the analysis of the data 
onclusions reached in the manuscript. The Publisher reserves 
and renewal on all published material, and such material may 
reproduced without the written permission of the Publisher. 
ents in articles are the responsibility of the authors. 


RESS MANUSCRIPTS TO: William C. Roberts, MD, Editor-in- 
XE AMERICAN JOURNAL OF CARDIOLOGY, 7960 Old Georgetown 
Suite 2C, Bethesda, Maryland 20814. The covering letter should 
precisely and concisely the significance and uniqueness of the 
in the authors' view. The authors might delineate the extent of any 
essions they are readily prepared to make (for example, the 
ation of 1 or more figures or tables or a portion of the text) to in- 
the likelihood of publication of their work in the Journal. Several 
and addresses should be provided of nonlocal experts who, in 
thors' view, could provide objective and informed reviews of their 
The names of investigators considered unlikely by the authors 
e nonbiased reviews of their work may also be submitted. 
omit З copies (1 original and 2 xerographic copies) of the entire 
Tipt, including text, references, figures, legends, and tables. 
‘recent past issues of the Journal for format. Arrange the paper 
lows: (1) title page, which should include the title, the full names 
cademic degrees of the authors, and the institution and city and 
or city and country from which the work originated; (2) second title 
with only the title of the article; (3) miniabstract for Table of 
tents that includes the full title and names of all authors; (4) abstract; 
xt; (6) references; (7) acknowledgment; (8) figure legends; and (9) 
. Number all pages in the above sequence, beginning with the 
page as 1, the abstract as 2, and so on. (Leave the second title page 
е miniabstract unnumbered.) Type on 22 X 28 cm (8.5 X 11 inch) 
only on 1 side of each sheet, double-spaced (including refer- 
with at least 25-mm (1-inch) margins. 
second title page, on which the names and institution of the 
are omitted, gives the Editor-in-Chief the option of acquiring 
d or nonblinded reviews. References to the institution in the text 
he author's previous work in the Reference section must be de- 
or written in a manner that prevents identification of the authors 
the institution. Label figures with the manuscript title rather than 
uthors' names so that blinded reviews can be solicited. The authors 
state which type of review they wish in the covering letter; this 
15 always honored. 


E PAGE, TABLE OF CONTENTS ABSTRACT AND MINIAB- 
T: For the complete title page, include the full first or middle 
ast names of all authors. Provide a short running title of 3 to 6 
. List the institution and address from which the work originated, 

rovide information about grant support if necessary. Add at the 
the phrase, ''Address for reprints:” followed by full name and 
S with zip code. 

i the abstract to 250 words and the Table of Contents miniab- 
О 150 words. List 2 to 6 key words for subject indexing at the 
f the abstract. 


YLE: Use appropriate subheadings throughout the body of the tex, 
as the Methods, Results and Discussion. Abbreviations are per- 
i, but no more than 4 per manuscript, and then they must be used 
ery page of the manuscript after they are initially spelled out 
wed by the abbreviation) in both abstract and introduction. Use 
ic names of drugs. Do not spell out any number, including those 
han 10, except when used for opening a sentence, but try not to 
sentences with numbers. Use symbols for less than (<), greater 
) and percent (96). indent for paragraphs except the first one 
bstract and introduction. Consult the Uniform Requirements 
iuscripts Submitted to Biomedical journals, published in The 
Internal Medicine June 1982:96:766—771, and also the. 








qe JOURNAL OF CARDIOLOGY. агыр upon sub- | for 
érences as shown below. Avoid тос abstracts. buti if 1 


Jitorial Manual of the American Medical Association for oo forth ub 
uh obtained through the author 


used, indicate them as such by the abbreviation (abstr) after ! 
Do not use periods after authors' initials or after abbreviations 
of journals. Check Index Medicus or Annals of Internal Medici 
1982) as cited above for journal titles and abbreviations. F 
communications, unpublished observations, and manuscripts si 
but not yet accepted for publication do not constitute referen 


Journal: Harvey W, Heberden W, Withering W, Stokes W, ! 
reli W, Einthoven W, Osler W. Anomalies and curiositie 
cardiology and of cardiologists. Reflections of famous mec 
Williams. Am J Cardiol 1984;53:900--9 15. 


Chapter in Book: Cabot RC, White PD, Taussig HB, Levine 
Wood P, Friedberg CK, Nadas AS, Hurst JW, Braunwal 
How to write cardiologic textbooks. In: Hope JA, ed. A Tree 
on Disease of the Heart and Great Vessels. London: Y 
Medical Books, 1984;175-200. 


Book: Carrel A, Cutler EC, Gross RE, Blalock A, Craffoor 
Brock RC, Bailey CP, DeBakey ME. The Closing of Holes, 
placing of Valves and Inserting of Pipes, or How Cardiova: 
lar Surgeons Deal with Knives, Knaves and Knots. New Y 
Yorke University Press, 1984:903. 


FIGURES: Submit 3 glossy, unmounted prints of each pho! 
and drawing. Artwork of published articles will not be returnec 
requested. Use black ink for all charts (line drawings). Make de 
broken lines, and so on, clear enough for reproduction. Use ar 
designate special features. Crop photographs to show only e: 
fields. identify figures on back by title of the article; omit the а 
names so that blinded reviews can be obtained. Number figure 
order in which they are mentioned in the text. Indicate the top : 
figure. Submit written permission from the publisher and authc 
produce previously published figures. Limit figures to the 1 
necessary to present the message clearly. Type figure legen 
separate page, double-spaced. Identify at the end of each lege 
in alphabetical order all abbreviations in the figure. The cost ‹ 
reproduction must be paid by the author. 


TABLES: Place each table on a separate page, typed double- 
Number each table in Roman numerals (Table |, Il, etc.) and tit 
table. Identify in alphabetical order at the bottom of the table 
breviations used. When tabulating numbers of patients, use n 
than 2 lines, preferably only 1 line, per patient. Use a plus sigi 
indicate "positive" or "present," a zero (0) for "negative" or "a 
and dash (—) for "no information available” or “not done." Do 
“yes” or "no." 


BRIEF REPORTS: Brief Reports must be limited to no more 
text pages and 6 references. Longer ones usually will be ri 
without review. Neither an abstract nor a Table of Contents mini: 
is required for a Brief Report. Subheadings are not used in the 
the Brief Report. 


LETTERS (For Publication): The author who submits a le 
consideration for publication should provide a covering letter on 
own stationery to the Editor-in-Chief stating why the letter sh 
published. The letter for consideration for publication should be 
double-spaced, on a separate sheet of plain white paper and 
with few exceptions, to 2 pages. The original and 2 xerographic 
should be submitted. A title for the letter should be provided at 
of the page. At the end of the letter, the writer’s full name and ‹ 
state (or country if outside the United States) should be provid 
author's title and institution should not be included. The word ` 
ences" does not appear above the list of references in published 
References should be double-spaced. A letter concerning a pe 
article in the Journal must be received (from authors within the 
States) within 2 months of the article's publication. 


REPRINTS: Price schedules: and order cards for. reprints are 


UNDER DEVELOPMENT BY 
WALLACE LABORATORIES 








What if you could assess 


his coronary risk 
before catheterization? 
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Four of twenty images from a flow study. The time-density graph shows the progressive 
opacification of selected regions of interest from an intravenous bolus of contrast. 


Nine months ago this patient 
underwent coronary bypass surgery. 
Back at work, he is now experiencing 
effort chest pain. Should he undergo 
further arteriography? 

What if you could do a single, 
quick, non-invasive outpatient study 
— at rest and under stress— that gave 
you not only good anatomical detail 
but functional data and blood flow 
measurements? 

At a scan speed 30 times faster 
than conventional CT, the new 
Imatron Cine-CT scanner demon- 
strates the transit of peripherally 
injected contrast material as it flows 
through the cardiac chambers and 
perfuses the myocardium. It gives you 
a highly specific and sensitive estima- 
tion of wall motion, absolute myo- 
cardial blood flow, and graft flow 
and patency. 
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What if you could measure the 
size of her infarction? 
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This 42-year-old lawyer was 
hospitalized to rule out a possible 
myocardial infarction. With non- 
specific ECG findings and slightly 
elevated enzyme levels, what is 
the prognosis? 

With the new Cine-CT scanner, 
you could document the location 
and size of her myocardial infarction 
and determine that her remaining 
perfusion is normal. 





What if you could determine 
whether his myocardial perfusion 
is normal under stress? 
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Previously healthy, this 37-уеаг- 
old engineer recently developed 
atypical chest pain. His rest ECG is 
normal, but a treadmill test was 
equivocal for ischemia, and his father 
died prematurely of acute myocar- 
dial infarction at age 44. 

With Cine-CT, you could 
non-invasively assess his myocardial 
perfusion at rest, under stress and 
during pain. You could also study his 
wall and chamber dynamics under 
the same conditions. 


Because of its speed — 50 msec 
per scan, 17 scans per second — and 
multislice capability, Cine-CT greatly 
expands the diagnostic potential of 
computed tomography. With it you 
can assess wall thickness and motion, 
left and right ventricular chamber 
volumes and mass, myocardial 
perfusion and valvular insufficiency. 

To learn how you can use this 
exciting new technology to benefit 
your patients, contact your regional 
sales representative to schedule a 
showing of our videotapes. Imatron 
[nc.,389 Oyster Point Blvd., South San 
Francisco, CA 94080, (415) 583-9964. 
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Cine-CT: Anatomy, function and flow. 
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Atlas of 2-Dimensiona 
Echocardiography 


by Alfredo Palacio, MD 

Director of National institute of Cardiology. Guayaquil. Ecuador 

Foreword by David H. Spodick, MD, DSc 

Professor of Medicine, University of Massachusetts Medical School: 

Director, Division of Cardiology, St. Vincent Hospital. Worcester. Massachusetts 
ISBN 0-914316-35-4, 198 pp, illus., large format 8% x 12, March '83, $69.0 
2-dimensional echocardiography complemented by M-mode echo- 
cardiography has become one of the most common noninvasive 
diagnostic tools used by the cardiologist. With publication of the 
ATLAS OF 2-DIMENSIONAL ECHOCARDIOGRAPHY, neophyte 
and expert alike now have available to them the most truly 
usable didactic presentation of the subject ever published. 


A true atlas, this book provides in a large 84 x 12 format 251 
black and white half tones, 152 line drawings and 6 К, 
charts which illustrate in exacting detail how to perform and ins. 
terpret 2-dimensional echocardiograms on patients with existing | 
and/or suspected heart disease. The lucid accompanying text —— 
leads the reader step-by-step through the entire process, leaving 
ittle to the imagination. It presents in the most simple, direct 
way possible the broadest range of normal and abnormal 
2-dimensional echocardiograms. The descriptions and detailed il- 
lustrations in its technical sections will ensure the superior level of 
performance of echocardiographic techniques that is a sine qua 
non for good results. o9 
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“When it comes to cardiovascular 
medicine, I like to know exactly | 
what my patients are swallowing.’ 


There are doctors who say that generic drugs have a place in their 
practice —but not necessarily in the treatment of serious or potentially 
life-threatening disease. And when they consider that the average 
patient pays only about 45 а day for INDERAL (propranolol НСІ) 
‘Tablets, there's not much left to discuss. 

When it’s INDERAL Tablets you want for the treatment of hyperten- 
sion, angina, arrhythmias, or post-MI patients, make sure you specify 
“Dispense As Written” (DAW), “Do Not Substitute,” or whatever is 
required in your State. That way, you’ll know exactly what your 
patients will get. 


Please see next page for brief summary of prescribing information. 
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medicine, I like to know exactly 
what my patients are swallowing. 
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Tablets 


BRAND OF PROPRANOLOL HCI 


OED DED QD 


10mg 20mg 40mg 


SUMMARY (FOR FULL PRESCRIBING INFORMATION. SEE PACKAGE CIRCULAR ) 


>; Lr ( propranolol hydrochloride) Tablets 


Д | CONTRAINDICATIONS 
$ contraindicated in 1) cardiogenic shock, 2) sinus bradycardia and greater than 
block, 3) bronchial asthma. 4) congestive heart failure (see WARNINGS) unless 


еіѕѕесопоагу to a tachyarrhythmia treatable with INDERAL. 
WARNI 


FAILURE: Sympathetic stimulation may be a vital component supporting circula- 
on in patients with congestive heart failure. and its inhibition by beta blockade may 
ie more severe failure. Although beta blockers should be avoided in overt conges- 
ure, if necessary they can be used with close follow-up in patients with a history 
аге well compensated and are receiving digitalis and diuretics. Beta- 
iic. blocking agents do not abolish the inotropic action of digitalis on heart muscle 
IENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of beta blockers 
ome cases, lead to cardiac failure, Therefore, at the first sign or symptom of heart 
patient should be digitalized and/or treated with diuretics, and the response 
;osely.or INDERAL should be discontinued (gradually if possible). 


NTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
ia and, in some cases. myocardial infarction, following abrupt discontinuance of 
ERAL therapy Therefore, when discontinuance of INDERAL is planned the dosage 
uid be gradually reduced over at least a few weeks and the patient should be cau- 

d against interruption or cessation of therapy without the physician's advice. If 

RAL therapy is interrupted and exacerbation of angina occurs, it usually is advis- 
to reinstitute INDERAL therapy and fake other measures appropriate for the man- 

int. of unstable angina pectoris. Since coronary artery disease may be 

gnized, it may be prudent to follow the above advice in patients considered at risk 

nt occult atherosclerotic heart disease who are given propranolol for other 


ilergic Bronchospasm (e.g., chronic bronchitis, emphysema)— PATIENTS WITH 
IOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE ВЕТА BLOCKERS. 
hould be administered with caution since it may block bronchodilation produced 
Шив and exogenous catecholamine stimulation of beta receptors 
‘SURGERY: The necessity or desirability of withdrawal of beta-biocking therapy 
urgery is controversial. It should be noted. however, that the impaired ability of 
espond to reflex adrenergic stimuli may augment the risks of general anesthesia 
ical procedures. aor 
like other beta blockers, is a competitive inhibitor of beta-receptor agonists and 
n be reversed by administration of such agents. e.g.. dobutamine or isopro- 
lOwevet, such patients may be subject to protracted severe hypotension. Difficulty in 
а ано has aiso been reported with beta blockers. 
:S AND HYPOGLYCEMIA: Beta-adrenergic blockade may prevent the appear- 
in premonitory signs and symptoms (pulse rate and pressure changes) of acute 
mia in labile insulin-dependent diabetes. In these patients, it may be more difficult 
he dosage of insulin. 
OXICOSIS: Beta biockade may mask certain clinical signs of hyperthyroidism. 
abrupt withdrawal of propranolol may be followed by an exacerbation of symp- 
erihyroidism, including thyroid storm. Propranolol does not distort thyroid function 


NTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been 
which, after propranolol, the tachycardia was replaced by a severe bradycardia 
demand pacemaker. іп one case this resulted after an initial dose of 5 mg 


es PRECAUTIONS | 
Propranolol should be used with caution in patients with impaired hepatic or renal 
INDERAL is not indicated for the treatment of hypertensive emergencies 


60mg  80mg 


90 mg* 


Beta-adrenoreceptor blockade can cause reduction of intraocular pressure. Patients 
should be told that INDERAL {propranolol hydrochloride) may interfere with the glaucoma . 
screening test. Withdrawal may lead to a return of increased intraocular pressure. 1 ^ - 

Сатса! Laboratory Tests: Elevated blood urea levels in patients with severe heart disease. : 
elevated serum transaminase, aikaline phosphatase, lactate dehydrogenase. сз 

DRUG INTERACTIONS: Patients receiving catecholamine-depleting drugs such.as rese 
pine should be closely observed if INDERAL is administered. The added catecholamine- . 
blocking action may produce an excessive reduction of resting sympathetic nervous activity 
which may resuit in hypotension, marked bradycardia, vertigo. syncopal attacks, or ortho- ——— 
static hypotension. 

Carcinogenesis, Mutagenesis, impairment of Fertility. Long-term studies in animals have 
been conducted to evaluate toxic effects and carcinogenic potential. in 18-month studies in. - 
both rats and mice, employing doses up to 150 mg/kg/day there was no evidence ої signifi- : 
cant drug-induced toxicity There were no drug-related tumorigenic effects at any of the dos- 
age levels. Reproductive studies in animals did not show any impairment of fertility that was 
attributable to the drug. C EMT 

Pregnancy: Pregnancy Category C. INDERAL has been shown to be embryotoxic in animal 
studies at doses about 10 times greater than the maximum recommended human dose; .:.. 

There аге no adequate and well-controlled studies in pregnant women. INDERAL should | 
be used during pene only if the potential benefit justifies the potentiai risk to the fetus... 

Nursing Mothers: INDERAL is excreted in human milk. Caution should be exercised when г. 
INDERAL is administered to a nursing woman. е 

Pediatric Use: Safety and effectiveness in children have not been established. Ма 

ADVERSE REACTIONS P 
ед adverse effects have been mild and transient and have rarely required the withdrawal 
therapy Emo 

Cardiovascular: bradycardia, congestive heart faiture; intensification of AV block; hypoten: 
sion, paresthesia of hands; thrombocytopenic purpura, arterial insufficiency usually of the ` 
Raynaud type. 

Central Nervous System: Lightheadedness; mentai depression manifested by insomnia, .. ~ 
lassitude, weakness, fatigue; reversible menta! depression progressing to catatonia: visual - 
disturbances; hallucinations; an acute reversible syndrome characterized by disorientation . - 
for time and piace, short-term memory loss, emotional lability slightly clouded sensorium, 
and decreased performance on neuropsychometrics. "m 

Gastrointestinal: nausea, vomiting. epigastric distress, abdominal cramping. diarrhea, — 
constipation, mesenteric arterial thrombosis, ischemic colitis. Ju. 

Allergic: pharyngitis and agranulocytosis, erythematous rash, fever combined with aching 
and sore throat, jlaryngospasm and respiratory distress. 35 

Respiratory: bronchospasm. A 

Hematologic: agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic 
purpura. 

Auto-immune: in extremely rare instances, systemic lupus erythematosus has been 
reported. 

Miscellaneous. alopecia. LE-like reactions. psoriasiform rashes, dry eyes, male impo- 
тепсе, and Peyronie's disease have been reported rarely Oculomucoculaneous reactions 
involving the skin, serous membranes and conjunctivae reported for a beta blocker (practa- — — 
iol) have not been associated with propranolol. | se 
*The appearance of INDERAL tablets is a registered trademark of Ayerst Laboratories. 
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The effects of antiarrhythmic agents on automatic 
ventricular tachycardia (VT), which emerged in the 
early stage of acute myocardial infarction (AMI), 
were examined in 30 closed-chest mongrel dogs. 
Antiarrhythmic agents were administered intrave- 
‘nously when the rate of VT became almost equal to 
‘sinus rate (5.6 + 1.4 hours). VT was slowed signif- 
icantly by verapamil (0.15 or 0.3 mg/kg), diltiazem 
0.2 or 0.4 mg/kg), propranolol (0.1 mg/kg) and 
miodarone (5 mg/kg), but not by procainamide (20 









Previous in vitro studies!-? have reported that sponta- 
1eous diastolic depolarization, which was inhibited by 
erapamil or enhanced by elevation of extracellular 
‘calcium ion, can occur both in Purkinje fibers!’ and 
myocardial fibers? if they were depolarized to low 
evels of membrane potential. These studies indicate the 
presence of an inward calcium current during diastole 
"under such condition, although there may be more than 
1 ionic mechanism for spontaneous diastolic depolar- 
ization and the resultant automaticity.? Acute myo- 
ardial infarction (AMI) could set up abnormal cir- 
cumstances conducive to such pacemaker activity. 
"However, few reports concerning the abnormal ven- 
tricular automaticity which was inhibited by calcium 
ntagonists in AMI have been developed.!? We exam- 
ined the effects of antiarrhythmic agents on automatic 






















^ ventricular tachycardia (V'T) that emerged in the early 


© stage (4 to 8 hours) of AMI and revealed the potential 
 antiarrhythmic effects of verapamil and diltiazem. 


Methods 


> The study was performed in 30 closed-chest mongrel dogs 
© that weighed 10 to 27 kg. Anesthesia was accomplished with 
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Ectopic Ventricular Tachycardia Sensitive to Calcit 
Antagonists in Acute Myocardial Infarction in Dogs 
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mg/kg), lidocaine (2 or 4 mg/kg), nifedipi | 
mg/kg) and nicorandil (0.03 mg/kg). The 
of ventricular premature complexes was 
most effectively by verapamil. The si 
suppressive effects of calcium antagonis 
(verapamil and diltiazem) and propranolol 
that an inward calcium current during dias 
play a critical role in the abnormal enhanc 
ventricular automaticity in the early stage 
hours) of AMI. (Am J Cardiol 1985;55: 108 





















intravenous sodium pentobarbital (30 mg/kg). Supo 
doses (5 to 10 mg/kg) were administered as neede 
tenance. The dogs were intubated and ventilated 
vard pump. Leads I and П of a standard electr ‹ а 
were recorded throughout the experiments. d 
Ап angiographic catheter was introduced through 
carotid artery into the coronary ostium under fluor 
Then, the tip of a Fogarty balloon-tipped catheter. 
was placed 1 to 3 cm from the coronary ostium thr 
catheter. The balloon was inflated with 0.03 to 0.04: 
luted Urografin? to produce complete coronary arter 
sion. The angiographic catheter was then withdrawn. 
anterior descending coronary artery (LAD) was ос 
24 dogs and the right coronary artery іп 6 dogs. — — 
Sequential changes of ventricular automaticity aft 
nary artery occlusion were evaluated by ventricul: 
intervals and the rates of VT disclosed by vagal 
tion.1 ^12 The right cervical vagus was stimulated fo 
seconds with 2.0-ms square-wave pulses of 4 to 6 V 
quency of 50 cps. : 
'The effects of antiarrhythmic agents on VT were ex 
5.6 + 1.4 hours (mean + standard deviation), when 
of VT became isorhythmic with sinus rate. Arrhythm 
defined as the number of ventricular premature con 
per minute divided by the number of total beats pern 
were 0.64 + 0.19. All antiarrhythmic agents were admii 
intravenously. Doses and times elapsed for injectio 
follows: procainamide, 20 mg/kg for 2 minutes; lid 
or 4-mg/kg bolus; propranolol, 0.1-mg/kg bolus; am 
5 mg/kg for 2 minutes; verapamil, 0.15- or 0.3-mg/k; 
diltiazem, 0.2- or 0.4-mg/kg bolus; nifedipine, 04 
bolus; and nicorandil (SG-75), 0.03-mg/kg bolus. À 
administration, changes in the rates of VT and sin 
and changes in arrhythmic ratios were monitored 
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E і Effects of Antiarrhythmic Agents on Ventricular Tachycardia (VT) and Sinus Rhythm 











No. of Maximal Changes in the Maximal Changes in the Rates 
x Dogs Rates of VT (beats/min) of Sinus Rhythm (beats/min) 
. Procainamide 7 146 + 44 — 121 + 63 158 + 48 — 141 + 48* 
E (5.7 + 3.1 min) (2.4 + 1.5 min) 
` Lidocaine 7 125 +22 — 122 + 26 125 + 25 ¬+ 128 + 26 
EU (3.9 + 1.7 min) (4.6 + 1.4 min) 
| . Propranolol 5 175 + 42—> 153 + 34* 174 + 38 —> 140 + 21* 
E (4.0 + 2.5 min) (4.4 + 2.7 min) 
. Amiodarone 7 180 + 68 > 109 + 30° 154 + 32 ج‎ 110 + 29+ 
ais Ad (17.9 + 11.1 min) (16.9 + 5.5 min) 
— Verapamil 8 151+ 40 — 113 + 45t 148 + 31 ج‎ 138 + 23 
m^ (4.4 + 2.2 min) (5.3 + 2.9 min) 
. Diltiazem 8 144 + 33 > 122 + 33! 142 + 27 ج‎ 137 + 25 
ү (3.3 + 1.7 тїп) (2.9 + 1.5 min) 
. Nifedipine 5 152 + 14— 157 + 22 167 + 17 — 176+ 12 
E (6.8 + 2.9 min) (5.0 + 3.0 min) 
.. Nicorandil 3 154 + 13 — 155 + 28 178 + 26 —> 165 + 27 
E (5.7 + 2.5 min) (4.0 + 0.8 min) 
* . Maximal changes in the rates of VT and sinus rhythm by antiarrhythmic agents are shown as mean values and standard deviations. Statistical 


pi ©0001 was done with paired t test between the control rates and the rates on maximal change by each drug. * р <0.05; їр <0.01; їр 


A 


k. í ` Times elapsed to the maximum effects are indicated in parentheses. 

N After the experiments, dogs were killed with potassium performed with the rate slightly higher than ventricular 
— chloride. The hearts were excised and the ventricles were cut rate; however, VT reappeared immediately after ces- 
parallel to the atrioventricular sulcus into 0.5- to 1.0-cm-thick sation of pacing. Acceleration of VT was not observed 


— slices. The triphenyl tetrazolium chloride tissue enzyme 


с 8псез. ! : during the pacing. 
r staining technique!*!> was used as a macroscopic means for 

А 

e 


Myocardial infarct was identified in all dogs and the 
size varied between 0.6 and 43.0% (mean 18.3 + 11.3%) 
of the total ventricular weight. 


- identifying and quantifying myocardial infarct. 
Statistical analysis was done using Student paired t test. 


dogs, manifest V'T was masked by rapid atrial pacing, effects both on VT (Fig. 3) and sinus rhythm. The 


i | Results Effects of antiarrhythmic agents on ventricular 
L | tachycardia and sinus rhythm (Table D): Procain- 
— Ventricular automaticity was enhanced gradually amide and lidocaine did not suppress VT significantly, 
К after coronary artery occlusion, and ventricular pre- although in 3 of 7 dogs in whom procainamide was ad- 
- mature complexes developed (Fig. 1). Within 8 hours, ministered, distinct slowing of VT was observed (Fig. 
_ VT was the dominant cardiac rhythm in all dogs. In 3 2). Propranolol and amiodarone revealed significant 
we 
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vs 
алаи! dd dt di атсанар eM 
quercu AR е unt bed dini FIGURE 1. Time course of enhancement of ventricular 
- | | : automaticity after coronary artery occlusion in a repre- 
sentative case. Left, electrocardiographic recordings with 
slow chart speeds (0.5 or 1 mm/s); right, corresponding 
recordings with ordinary speed (2.5 cm/s). Ventricular 
= ااا‎ automaticity evaluated by the ventricular escape interval 
VEI 1.04 sec (VEI) during vagal stimulation (VS) began to increase at 
2 hours after left anterior descending coronary artery 
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v8 occlusion and was enhanced progressively thereafter. 
те, A Corresponding to this time course, the number of ven- 
за а чәл ШУ ЧЕЧЕ EN tricular premature complexes increased. QRS configu- 
VEI 0.84 sec ration and rate of spontaneous premature complexes 


coincided with those of ventricular tachycardia disclosed 
by VS (at 4 hours). 


zr 
A 


ae Se ata a AN Thy) чаа TAP oe ee mS 2% 
eL دج“‎ e) * = oe gu 54-4 = کک‎ m Oe, oe кх A z 
У „= лк 56 P^ م‎ ‘ ١ 3 АХ А Le Е Ех “Т ee mE "eiTe X "z ' 
y 4 Ps c. NE T ACTU de ГМ) СРС 5-с у^, ee e RT E =: no Beer 4. - 
M “©; e Sy tas "TU mone Mr SA eyes wor d To- LA. 
"i ^ : к BC en i А “э ЮЕ. 
LUV y - SEAR е, © E. ЗАС = БУ d: i SCA . Le E < 
№ ЕА. < n 1 Y ЕЕ б А ww] , Y 
ve "B oe - * x D a "ue. ‚ай ~ 4 Р, ; а . 
B d E - D^ і. 
С ‘ ал a m кэ z 1 d m 
$ 0 | : ‘ 4 { e 
» d 








рите Ae ЛӘ ae ИТУ КТӨН 
ААРА A И А р" РЫ ЕБ) н 
l ^ i *; t- ~% 1 ` ' . F ^ | > 4 A ! : 


aes 


maximal effect of amiodarone was achieved at 17.9 + 
11.1 minutes, later than those of other antiarrhythmic 
agents, and the effective refractory periods of the right 
ventricle were not altered distinctly (167 + 25 ms before 
vs 180 + 22 ms, n = 3). Verapamil and diltiazem in 
clinical doses suppressed VT significantly without 
causing sinus slowing or advanced atrioventricular 
block. The antiarrhythmic effects of these calcium an- 
tagonist drugs became evident immediately after in- 
travenous bolus injection (Fig. 4 and 5). Nifedipine did 
not suppress VT with the dose that caused an increase 
in sinus rate (Fig. 4). Nicorandil did not suppress VT 
at all. Intravenous administration of small doses of 
catecholamines enhanced VT (Fig. 6). 

As a result of combined effects of antiarrhythmic 
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group that received nicorandil (Table II). 


Discussion E 

t 

Ectopic ventricular rhythms after coronary artery |. 
occlusion in the canine model occur in 2 phases y 
rated by a quiescent period of sinus rhythm. The - 
second, or delayed, phase begins 4.5 to 8 hours and las d 
for 2 to 4 days.!9 Ventricular arrhythmias in 24-hour-old - 
canine infarction were considered from in vitro! ^!? and | 
in vivo studies!92! to depend on abnormal automaticity | 
within the Purkinje cells of the infarcted zone. Recently, - 
another possibility that they were due to triggered ac- 3 
tivity arising from a delayed afterdepolarization in - 


depolarized Purkinje fibers was proposed. | 


м 


initial part of the delayed arrhythmic phase and appear : 
to depend on abnormal automaticity rather than 
triggered activity29?4 or reentry, since it was disclosed - 
by sinus slowing and was not terminated or accelerated | 
A 


agents on VT and sinus rhythm, a more than 90% re- VT focused in the present study corresponds to an^ 


duction of arrhythmic ratios was achieved in 43% of the 
group that received procainamide, 14% of the group that 
received lidocaine, 2896 of the group that received am- 
iodarone, 75% of the group that received verapamil, 38% 
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FIGURE 3. Effects of propranolol and amiodarone on the 
rate of ventricular tachycardia (VT). 150 150 
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azem and nifedipine on the rate of 
ventricular tachycardia (VT). 


FIGURE 5. Effect of verapamil on 
ventricular tachycardia at 5 hours after 
left anterior descending coronary artery — 
occlusion. Intravenous verapamil (0.15 _ 
mg/kg) slowed the rate of ventricular 
tachycardia from 245 to less than 188 | 
beats/min within 4 minutes and sinus — 
rhythm was restored. The first and the | 
last parts were recorded at йз ©, 
chart speed. 


FIGURE 6. Effect of epinephrine on 


ventricular tachycardia at 4 hours after _ 
left anterior descending coronary artery - 


occlusion. The rate of ventricular 
tachycardia increased from 168 to 195 
beats/min 5 minutes after intravenous 
administration of small-dose epineph- 
rine (1 ug/kg). 


FIGURE 4. Effects of verapamil, dilti- - 
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Control arrhythmic ratios are 
AR = arrhythmic ratio. 







` by rapid pacing. The VT was slowed by verapamil and 
diltiazem, but not by nifedipine, which is a more potent 
coronary vasodilator than the former drugs, in clinical 
doses.” This suggests that suppression attained by 
verapamil and diltiazem is likely to be by their direct 
antiarrhythmic effects and not by the effects of im- 
proving ischemia. It is also suggested from the signifi- 
cant suppressive effects of calcium antagonists and 
‘propranolol, and from the effect of enhancement of 
- catecholamines, that an inward calcium current could 
` play a critical role in the enhancement of this tachy- 
cardia. Spontaneous diastolic depolarization that is 
inhibited by verapamil or enhanced by elevation of 
: extracellular calcium ion could occur both in Purkinje 
: fibers and myocardial fibers if they were depolarized to 
. low levels of membrane potential.!-? Furthermore, we 
. assume that ventricular tachycardia focused in the 
..—. present study could depend on such pacemaker activity, 
.. because AMI provides abnormal circumstances which 
=>- depolarize cardiac fibers.?9?7 
3 In the present study, amiodarone also showed V'T 
Without a distinct prolongation in refractory period of 
the ventricle. Therefore acute effect of intravenous 
1iodarone seems to differ from the effect of chronic 
inistration?? and may depend in part on antagonism 
f adrenergic excitation.??9? Nicorandil, which has been 
eported to inhibit depolarization-induced automaticity 
by increasing membrane conductance of potassium (gK) 
. in vitro,?'3? did not suppress VT. This may indicate 
<< that the change in gK does not play an important role 
—- as an inward calcium current in the enhancement of this 
tachycardia. 

The results of present study are different from those 
of a previous study,!° which revealed that disopyramide 
and procainamide had the most potent antiarrhythmic 

effects on ventricular tachycardia in 24-hour-old canine 
infarction, whereas verapamil (0.3 mg/kg) had little 

. effect. The electrophysiologic characteristics of the 
— Subendocardial Purkinje fibers in 24-hour-old infarction 
- apparently does not depend on an increase in the ex- 
tracellular potassium, catecholamines or the presence 
of an anoxic environment.763334 However, at 4 to 8 
hours after coronary artery occlusion, when the present 






























subjected to the effects of elevated extra- 





No. of Control AR 29096 >50 % 

Dogs AR —0 Reduction Reduction dox ` Increase - 
Procainamide 7 0.64 + 0.16 2 1 3 0 1 
Lidocaine 7 0.55 + 0.18 0 1 4 2 0 
Propranolol 5 0.64+0.18 0 0 0 3 2 
Amiodarone 7 0.72 + 0.11 1 1 3 1 1 
Verapamil 8 0.70 + 0.18 3 3 2 0 0 
Diltiazem 8 0.70 + 0.18 1 2 2 3 0 
Nifedipine 5 0.61 + 0.21 0 0 3 2 0 
Nicorandil 3 0.42 + 0.10 0 1 1 1 0 


hown as mean + standard deviation. 


14. Lie JT, Pairolero PC, Holly KE, Titus JL. Macroscopic enzy 


study: was performed, Purkinje fibers in the ischemic. 
egion or г noninfarcted. myocardial cells at marginal zone. 
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stances leaking from dying tissues.26.27,35,36 ° 
ferent environments may provide different i 
for ventricular arrhythmias appearing in the 
phase, which result in different responses 
rhythmic agents. 
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The magnitude and distribution of mechanical 
stresses acting on the closed cusps of porcine 
bioprosthetic valves (PBVs) were estimated using 
a finite element model. The effects of leaflet stif- 
fening, focal calcium and focal thinning on leaflet 
stresses were determined. In a normal closed PBV 
leaflet, stresses increased as pressure was in- 
creased. At a pressure of 80 mm Hg, the maximal 
nal principal stresses were 11 g/mm? near the 
r of the leaflet and increased to 19 g/mm? at 
pressure of 160 mm Hg. These observations 
iggest that the closed valve in the mitral position 
ould experience higher mechanical stresses than 
he. closed valve in the aortic position. Tissue stiff- 
ening increased stresses throughout the leaflet and 
















h calcification and cuspal disruption of porcine 
prosthetic valves (PBVs) have been attributed, in 
part, to mechanical stresses. Cuspal disruption, 
-characterized by tears and perforations, has been sug- 
gested to develop in PBVs as the final consequence of 
ssue failure.! Connective tissue failure develops in 
eas in which mechanical forces are exerted in a highly 
localized manner, either because of the patterns of 
opening and closure of the bioprosthetic cusps or be- 
cause of the presence of calcific deposits.! Mechanical 
stresses are also believed by some to be an initiating 
factor of calcification of PBVs.? 

` Direct measurement of mechanical stresses on val- 
vular leaflets, whether bioprosthetic or natural, is ex- 
tremely difficult or impossible.?-? Experimental studies 
using radiopaque markers sewn to the leaflet surface 
have been used to estimate leaflet stresses during systole 
d diastole for both natural aortic valves and for PBVs 
n the aortic position.” An alternative approach to the 
direct measurement of leaflet stresses is the use of nu- 
merical models that can account for changes of leaflet 
geometry and material properties.? This study estimates 
























































From the Department of Medicine, Division of Cardiovascular Medicine, 
and Department of Surgery, Henry Ford Hospital, 2799 West Grand 
Boulevard, Detroit, Michigan. This study was supported in part by Grant 
HL 23669-05 from the U.S. Public Health Service, National Heart, Lung, 
and Blood Institute, Bethesda, Maryland. Manuscript received October 
30, 1984; revised manuscript received December 26, 1984, accepted 





Д ichigan 4 48202. 


` Estim ation of. Mechanical Stresses on 
Cusps of Porcine Bioprosthetic Valves: E 
of Stiffening, Focal Calcium and Focal Thinning - 


НАМ М. SABBAH, BS, MOHAMED S. HAMID, PhD, and PAUL D. STEIN, MD- 







D. Stein, MD, Henry f Ford Hospital, 2799 
- ОО. that of ihe leaflets (еше 


introduced a site of stress concentration nea 
center of the leaflet. At a pressure of 80 mm 
maximal principal normal stress increased 
when the leaflet was stiff in comparison to 
mal leaflet. Focal calcium and focal thinning < 
marked gradients of stress between the s 
calcium or thinning and the immediate surroi 
tissue. The magnitude of these stress gradie 
creased with increasing pressure. These 
mechanical stress concentration or stress g 
appear to be compatible with sites of leafl 
fication or disruption. Such stresses may co 
to spontaneous чезепеганоп of PBVs. 
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the magnitude and distribution of stresses оп the. 
cusps of PBVs leaflets to determine potential si 
leaflet stress concentration, and to evaluate the е 
of focal calcium and of focal thinning on leaflet str 
Leaflet stresses were determined using the finite 
ment method. 








Methods 


Assumptions: In developing the model, several as 
tions were made to simplify the numerical solution or 
of a lack of reliable experimental data. The 3 PBV 
were assumed to be equal in size, symmetrical and. 
thick (0.6 mm). The deformation of the valve anu 
load (pressure) was neglected. The valve tissue wasi 
isotropic, with a Poisson’s ratio of 0.45. Bending effe 
neglected in comparison to in-plane membrane forces. a 
stent was assumed to be rigid. 

The model: The geometry of the stent-mounted. p 
aortic valve leaflets is complex even in the relaxed st: 
pressure difference across the closed cusps). Based 
examination of various types of PBVs, the relaxed. 
shape was modelled as one-half of an elliptic-paraboloi 
anular diameter of the valve used in the model was 2 
'The height of the stent posts was 19.0 mm and the surfa 
of a single leaflet was 5.77 cm2?. 

The geometry of the PBV, as viewed from directly 
the outflow side of the valve, is shown in Figure 1. The 
is firmly attached to the support structure along the line 
The assumption was made that the cloth and виш 
dition to the stent itself, are rigid. Although thi 
the case, the deformation of these componer 
can reasonably be expecte: neg 
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deformations, material properties and changing boundary 
conditions along the coaptation edge were accounted for in 
the model as previously described.? 

Analysis: The finite element method involves the con- 
ceptualization of breaking the structure to be studied into. 
small portions called “elements” and establishing the gov- 
erning mathematical relations for the elements by invoking 
appropriate physical principles. The approach allows a con- 
tinuous updating of the geometry and the nonlinear properties 


` of the material under consideration. 


Because of assumptions of symmetry, only one-half of 1 
leaflet was considered for analysis. The finite element 
discretization for the entire leaflet is shown in Figure 2. A 
projection of one-half of 1 leaflet is shown in Figure 3. Tri- 
angular membrane shell elements were used in the analysis. 
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. FIGURE 2. Two views of the shape of a full leaflet used in the model, 


which include the finite element discretization. 
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FIGURE 1. Left, aortic aspect of a 
Hancock porcine bioprosthetic valve. 
Right, diagrammatic representation of 
the valve to the left showing symmet- 
rical division of the leaflets. A and C = 
leaflet commissures; В = base of 
leaflet; D = nodulus arantii. Dotted line 
BD represents centerline of leaflet. 
Shaded area represents half of 1 
leaflet used for analysis. 


The displacement method for analysis of the leaflet was used 
and the stresses were calculated based upon the computed 
displacements. The mathematical formulation used to arrive 
at the finite element equations and the associated computer 
code developed for the solution of these equations was pre- 
viously described in detail? The analysis was carried out using 
a minicomputer (Hewlett-Packard 21MX). 

The solution of the finite element equations was obtained 
by increasing the pressure from 0 to 160 mm Hg in increments. 
An initial equibiaxial stress of 0.0001 g/mm? was assumed in 
all of the elements in order to smooth out the surface. The first 
pressure increment was 0.1 mm Hg. The pressure load incre- 
ments were applied to the outflow surface of the leaflet, while 
the inflow surface was assumed to be free from any applied 
pressure. The stress-strain curve for the PBV leaflets used in 
the study was based upon experiments by others.!° A stress 
dependent Young's modulus was used.? 

The magnitude and distribution of the maximal principal 
normal stresses and maximal shear stresses were obtained for 
the following conditions: simulated normal porcine leaflet; 
simulated stiffened leaflet; leaflet with simulated focal cal- 
cium; and leaflet with simulated focal thinning. 

To determine the effects of leaflet stiffening on the mag- 
nitude and distribution of stresses, the stress-strain properties 
of glutaraldehyde-treated porcine leaflets subjected to 648 X 
106 in vitro fatigue cycles were used.!° To simulate focal cal- 
cium, 4 elements in the body of the leaflet were assigned a 
fixed modulus of elasticity of 3,000 g/mm? which was ap- 
proximately 10-fold higher than that reached by neighboring 
normal tissue. To simulate focal leaflet thinning, the same 4 
leaflet elements were assigned thickness of only 0.2 mm, which 
was one-third that of neighboring elements. The specific el- 
ements used to simulate focal calcium and focal thinning are 
shown in Figure 3. The site of focal leaflet calcium or thinning 
was arbitrarily selected. 


Results 


Sites of leaflet stress concentration: In the normal 
gluteraldehyde-treated porcine aortic valve leaflet, both 
the maximal principal normal stresses and maximal 
shear stresses were higher near the leaflet commissures 
in comparison to the main body of the leaflet (Table I). 
А stress contour at a pressure of 100 mm Hg is shown in 
Figure 4. 

The stresses on the leaflet increased when overall 
leaflet tissue stiffening was simulated (Fig. 4, Table II). 
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TABLE! Maximal Principal Normal and Shear Stresses Near Four Sites (Fig. 3) ona : 
Simulated Normal Porcine Bioprosthetic Leaflet for Pressures of 80 to 















160 mm Hg | 
Maximal Principal Normal Stress (g/mm?) Maximal Shear Stress (g/mm?) 
Ё Pressure Nodulus Nodulus D 
(mm Hg) Commissure Center Base Arantii Commissure Center Base  Arantii ; 
80 14 11 4 3 7 5 3 3 d 
100 16 13 6 3 8 6 4 4 ү 
120 20 14 4 4 10 7 3 4 
140 24 17 6 3 12 8 4 5 
160 26 19 7 5 13 9 5 3 
FIGURE 3. Left, finite element discre- | AC SS А 7 
tization of projected view of one-half of NOS >! SURFACE Д 
1 leaflet. The discretization resulted іп LL FREE EDGE | 
138 elements and 85 nodes. Shaded Pa MÀ y COMMISSURE 
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segments represent the site of simu- 
lated focal calcification or focal thin- 
ning. 2 = centerline of leaflet (line BD 
in Figure 1). Right, diagrammatic illus- 
tration of one-half of 1 leaflet showing 
the sites where stresses are reported. 
1 = near commissure; 2 = near base 
of leaflet; 3 = near center of leaflet; 4 
= near nodulus arantii; 5 = site of tis- Jz 
sue immediately surrounding site of LZ 
calcification or thinning. Shaded area | 

represents site of focal calcification or | : 
focal thinning. ¢ 24 
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NORMAL PORCINE LEAFLET 


FIGURE 4. Top, topographic distribu- 
tion of maximal principal normal 
stresses (right) and maximal shear 
stresses (left) of a simulated normal 
porcine bioprosthetic valve leaflet at a 
pressure of 100 mm Hg. The modulus 
of elasticity varied between 30 and 180 
g/mm*, depending upon the stress level 
of each element. Bottom, topographic 
distribution of maximal principal normal 
stresses (right) and maximal shear 
stresses (left) of a simulated stiff por- 
cine bioprosthetic valve leaflet also at 
a pressure of 100 mm Hg. The modulus 
of elasticity ranged between 150 and 
1,400 g/mm?, depending on the stress 
level of each element. 
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ing resulted in a site of maximal principal normal 
oncentration near the center of the leaflet. At 80 
the maximal principal normal stresses near the 
of the leaflet increased 55% when the leaflet was 
comparison to the normal leaflet. Shear stresses 
so higher at the center of the leaflet when stif- 
was introduced (Fig. 4, Table II). 

ct of focal calcium and focal thinning on 
tresses: Simulation of focal calcium, by locally 
asing the modulus of elasticity of the tissue, pre- 
i stress gradient between the site of calcium and 
amediate surrounding normal tissue (Table III). 
im Hg, a 22-g/mm? gradient in normal stresses 
ed between the site of calcium and surrounding 
(Table III). Compressive stresses (negative 
es) were observed at the site of focal calcium. 
tresses may have resulted from the inability of 
egion to deform under pressure along with other 
S because of high stiffness imparted by a high local 
lus of elasticity. A maximal shear stress gradient 
/mm? was present at 80 mm Hg (Table III). There 
o stress difference between these sites in the ab- 
f focal calcification (Fig. 4). 

lation of focal leaflet thinning by locally de- 
‘leaflet thickness also resulted in the develop- 
f а stress gradient between the site of focal 
g and the immediate surrounding tissue. At 80 
Ig, the maximal normal stress gradient was 13 


2 and the maximal shear stress gradient was 6 
(Table IV). 





























Discussion 


ical models designed to simulate certain an- 
stems suffer j in accuracy as a result of inherent 
y to obtain a solution, Ав with any 
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model, some of the assumptions made in this study; г 
justifiable, while others are tenuous. The leaflets o 
PBV are usually of different size and seldom sy 
rical. Lack of symmetry, however, does not significan 
affect the mechanics of statically loaded valves. Th 
leaflet thickness of a PBV is not uniform, and variabilit: 
among different specimens is likely. Using human aorti 
valves, Clark and Finke!! showed that the leafle 
thickness was not uniform and varied markedly betwee 
the relaxed state and the pressure stressed state. A to 
pographic determination of PBV leaflet thickness i in 1 the 
relaxed or stressed state is yet to be made. : 

A Poisson’s ratio (ratio of lateral strain to axial strain 
of 0.45 was used in our model to approach conditions o; 
incompressibility typical of biologic material. Such 
material is also invariably anisotropic. Stress-strai 
properties of leaflets of PBVs differ between the cir- — 
cumferential and radial directions.!? Nevertheless, the — 
assumption of isotropy was made for simplicity. Christie m 
and Medland? simulated anisotropy in cusps of PBVs . 
by reinforcing the isotropic leaflets with circumferen- -© 
tially aligned fibers. This method of simulating an- - 
isotropy gives the leaflet more compliance radially than d 
circumferentially and is qualitatively in agreement with ^ 
natural, untreated tissue.!? The extent to which such 
an approach may be applicable, however, to the glu- 
taraldehyde-fixed tissue remains uncertain. Glutara 
dehyde tissue fixation causes a marked reduction in 
radial compliance of the tissue.!4 The pressure at which 
the tissue is fixed also can influence the radial and cir- 
cumferential compliance of the porcine leaflet.14 - 

Generally, the support stent of a PBV is made from 
thin polypropylene, which is somewhat flexible. In ou 
model the stent. was assum d ri 




















2 plexity. £ Studies by Thu 
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. markers placed at the tip of stent posts of PBVs im- 
. planted in the aortic position of calves, showed that the 

` stent posts did not flex during any part of the cardiac 
cycle. However, their technique cannot detect move- 
ment of the stent posts of less than 0.5 mm. 

In this study, leaflet stresses on the closed valves in- 
creased in direct response to an increase in the applied 
pressure. This would suggest that a PBV in the mitral 
position would experience higher mechanical stresses 
because of higher pressure during systole acting on the 
closed mitral valve than pressure during diastole acting 
on the closed aortic valve. On this basis, valves in the 
tricuspid position may experience the least level of 
Stress. Several studies have shown a greater frequency 
of degeneration among PBVs in the mitral position 

bd a to PBVs in the aortic or tricuspid 


The model predicted higher leaflet stresses near the 
commissures. Morphologic examination of degenerated 
.PBVs showed a high incidence of tears? and calcifi- 
cation!9?? of this region. Vertical tears near the com- 
missural attachment occurred in 9 of 16 PBVs (56%) in 
the aortic position and in 25 of 38 PBVs (66%) in the 
mitral position.!? Studies by Milano et al?? of sponta- 
neously degenerated PBVs showed that calcium de- 
Osits were located near the commissures in 98% of 
cases, in the body of the cusps in 7596, and at the free 
margin in only 37%. Similar observations were made by 
Stein et al.!? This distribution of calcium deposits cor- 
responds fairly well with the distribution of stresses 
observed in this study; namely, the sites of high me- 
. chanical stresses correlated with sites of greater inci- 
` dence of calcification. Ferran et al?! showed that when 
calcific deposits on degenerated PBVs were minimal, 
they tended to be localized to areas of the cusps imme- 
diately adjacent to the commissures. А role for me- 
chanical stresses in the calcification of PBVs has been 
suggested. ?!:22 
. When the overall stiffness of the porcine leaflet was 
-increased in our model to stimulate the stiffening ob- 
served in PBVs after long periods of implantation, a site 
of stress concentration developed near the center of the 
leaflet. The development of this new site of stress con- 
centration after leaflet stiffening may offer a clue to the 
mechanisms of large oval perforations, which have been 
3 eported to. occur и the central regions of leaflets of 


Stress Focal 
Gradient 


Site of 
Surrounding 
Thinning Tissue 


Ishihara et al! found perforations in тр reg 
of the cusps often in association with calcific di 
Gross morphologic examination of degenerat 
showed leaflet tears or holes associated wit. 
deposits in 41% of cases.1? The observation in 
rent study of the development of a marked s 
dient between sites of focal calcium and nonc 
surrounding tissue supports such an associa 
may suggest a cause-and-effect relation. Focal 
of degenerated PBV leaflets with fraying a 
of the connective tissue has been reported.? 
argument would hold true for sites of focal 
where marked stress gradients may occur and 
may result in tissue disruption. 

The magnitude and distribution of streasei 
leaflets reported in this study were limited to 
may occur at a time when the valve is closed an. 
no means representative of stresses througt { 
cardiac cycle. Mechanical stresses that arise ft 
opening and closing action of the leaflets w 
considered in this model. Thubrikar et a112?? rep 
high compressive stresses that result from flex 
the leaflet attachment. Ishihara et al! suggest: 
pattern of opening and closure of the cusps of 
together with the straightening of the wavines 
collagen fibrils, tend to result in bending stresse: 
become localized to certain points along the fre 
Such bending stresses were thought to resul! 
along the free edge of the cusp.! The stresses es 
in this study may be considered additive to stresse 
result from the opening and closing actior 
bioprosthetic leaflets. P 

In conclusion, an estimation of stresses on th 
cusps of a PBV leaflet using a numerical model 
that the magnitude of stresses is dependent up: 
level of pressure applied to the closed valve. I 
overall stiffening of PBV leaflets secondary to pr 
implantation is predicted by the model to incre 
magnitude of stresses and create new sites о 
concentration. The development of focal calcifi 
or focal thinning can induce local stress gradients, 
may favor local tissue disruption. 
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When flow passes through an orifice, pressure loss 
does not occur in the laminar core of the jet distal 
to the stenosis, but occurs in the region more distal 
to the stenosis, where the laminar core disappears 
ind turbulence develops. Therefore, if total pressure 
\еаѕшеа in the laminar core of the jet some 
distance downstream of a stenotic aortic valve, it 
Should be equal to total pressure on the left ven- 
ricular side of the aortic valve. An experimental 
tudy was performed in 5 dogs to test this hypoth- 
















During catheterization of patients with severe aortic 
stenosis, a case is often encountered in which it is dif- 
ficult to insert a catheter into the left ventricle through 
the stenotic valve. Even if the catheter can be inserted 
nto the left ventricle, the catheter itself probably will 
bstruct the small orifice of the stenotic valve and an 
curate measurement of the pressure gradient will be 
possible, or, at worst, the excessive pressure overload 
зау result in serious ventricular arrhythmia. However, 
neasurements of left ventricular (LV) pressure and the 
ortic valvular pressure gradient are the minimum re- 
juirements to determine the indication for surgery. 
Clark,” suggested а way of predicting the mean pres- 
`. sure difference across the valve from the measurements 
made downstream of the valve only. However, his 
. method requires measurement of both the static pres- 
`- sure and velocity of the blood. In this report, we pro- 
.. pose a method that needs only the measurement of the 
~ total pressure, which is easier to measure than static 
- pressure, and can give not only the peak pressure 
.. gradient but also the absolute value of the peak LV 
: pressure. 
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Measurement of Severity of Aortic Stenosis 
Experimentally Produced in Dogs Without 
Inserting a Catheter into the Left Ventricle 







ical College, 1 19  Камада:сђо, ти. 
| Thea aortic valve was left in 













esis. The results revealed that left ventric 
pressure during the ejection period can be 
mined by measuring the pressure in the- 
core. A preliminary evaluation of the clinica 
cability of our method was performed during 
eterization in a patient with severe aorti 
stenosis. In this case, the pressure obtained 
jet downstream of the aortic valve was slight 
than that obtained in the left ventricle. . 
(Am J Cardiol 1985;55: 1097 















Methods 


Theoretical background: Two kinds of pressure 
distinguished: static and total. The term pressure gr 
which is conventionally used in physiology, indica 
difference in the total pressure between upstrea 
downstream of the stenosis. The distribution of the 
pressure along a straight tube with a stenosis is deser 
various text books on fluid dynamics?* and some 1 
texts. As the flow passes through the stenosis it se 
away from the surface of the stenosis and forms a disc 
which contracts to a minimum cross-sectional area soi 
downstream of the stenosis (Fig. 1). Up to this point 
has the characteristics of laminar flow (laminar core 
some distance farther before the jet becomes a fully d 
turbulent flow. Because the pressure loss, which resi 
the viscous dissipation of energy, occurs mainly in th 
sitional region between the core region and the region 
developed turbulence, the total pressure does not d 
significantly within the laminar core region. Therefor 
total pressure is measured within the laminar соге 
stream of the stenotic valve, the obtained value is ne 
to that upstream of the stenotic valve, i.e., LV pressu 

Animal preparation and measurements: Five 
mongrel dogs that weighed 15 to 20 kg were used. Т 
were anesthetized with an intravenous administra 
pentobarbital sodium (25 mg/kg), and ventilation wa: 
tained by positive-pressured respiration. A left thoraco 
was performed in the fourth intercoastal space and г 
was produced in the св aorta 85у а регі sc 
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94 t7 145 + 10 9447 143 + 11 69 +7 60 + 14 95+ 7 82 + 15 68+6 60+ 14 


| р <0.005 | P <0.005 NS | NS NS | 
L NS scc ud] NS 


NS 


values derived by the paired Student t test. 
= aortic constriction; Max = maximal pressure; Min = minimal pressure; NS = not significant; SD = standard deviation. 



























ter tip manometer (Millar Mikro- Tip PC 370, 7Fr) was transducer system. A Cordis 7Fr multipurpose catheter was 
uced into the left ventricle from the left atrial ap- used to measure the total pressure downstream of the con- 
re through the mitral valve. The ascending aortic striction. The catheter was inserted into the femoral artery | 
ure was measured with a 15-gauge metal catheter and introduced into the ascending aorta. The total pressure .- 
ed from the jugular artery and connected to a Toyo in the laminar core was compared with that of the left ventricle 
MPU-0.5 strain-gauge manometer. The femoral arterial measured with the same type of catheter. After recording the _ 
‘was also monitored with a 15-gauge catheter. After pressures, contrast medium was injected through the LV apex 
firmed that the peak systolic LV pressure and aortic to investigate the shape of the constriction, the jet flow апа 
е were the same and the femoral arterial pressure was the position of the catheter tip. ШЫ о 
igher, the perivascular snare was tied to produce Clinical application: Right- and left-sided cardia "cat 


























60% increase in the peak systolic LV pressure. Under eterizations from the femoral vein and artery were perfo 
iation by fluoroscope, the tip of the catheter was in- in a patient with severe rheumatoid aortic valve stenosis 
ed into the ascending aorta and positioned in the lam- pressure was measured with a fluid-filled catheter-transducer 
of the jet. The total pressure in the laminar core was system. À contrived Cordis 7Fr multipurpose catheter was 
and compared with that in the left ventricle and the inserted into the femoral artery and, under examination b: 
artery. In dog 3, the total pressures in the ascending fluoroscope, introduced into the sinus of Valsalva of the as 


oints 0.5 and 3.0 cm distal to the constriction were cending aorta. While monitoring the pressure, the cat 
with metal needles with a side hole and closed distal tip was rotated and positioned in the laminar core of tl 
| ed perpendicularly through the vessel wall. In dogs The position of the catheter tip was confirmed by the p re 
measurements were carried out in the same manner waveforms. After recording the pressure at this. point, 
heterization in humans, with a fluid-filled catheter- catheter was barely introduced into the left ventricle. _ 


Pressure gradient 






Total pressure 









Static pressure 


P. FIGURE 1. General features of the pressure distributio 
along a tube containing an orifice. The total pressure does 
not decrease significantly within the laminar core region 
beyond the constriction. | 
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FIGURE 2. The total pressure waveforms in the left ventricle (LV), ascending aorta (As.Ao.) and femoral artery (Femoral a.). Left, control state; | 
right, with stenosis. The systolic pressure in the ascending aorta was almost the same as the left ventricular pressure both in the control state and _ 


after introducing stenosis. 


Results 


Animal studies: Pressure data under control con- 
ditions and after the constriction of the aorta in all dogs 
are summarized in Table I. There was no difference 
between the peak systolic pressure in the laminar core 
in the ascending aorta and that of the left ventricle. 
Pressure tracings from dog 1 are shown in Figure 2. 
Figure 3 is an angiogram from dog 2, and shows the 
position of the catheter tip and the shape of the jet. In 
dog 3, the systolic pressure waveforms obtained from 
the needle probe 0.5 cm distal to the constriction were 
equal to those of the left ventricle. When the catheter 
was inserted through the femoral artery (dogs 4 and 5), 
the catheter was manipulated to position its tip in the 
laminar core in the center of the vascular tube. For this, 
a contrivance was made on the catheter. Figure 4 shows 
the shape and position of the catheter and the shape of 
the constriction in dog 4. The peak systolic pressure 
measured with the elastic catheter positioned 0.5 cm 
downstream of the stenosis and within the jet agreed 
was the same as that of the left ventricle, although the 
pressure waveforms showed oscillatory distortions be- 
cause of the limited frequency response of the catheter 
system. The continuous withdrawal pressure in dog 5 
is also shown in Figure 5. The peak systolic pressure was 
approximately equal to that of the left ventricle as far 
as 1.5 cm downstream of the constriction. 

Clinical case: The measured pressure waveforms 
varied distinctly according to whether the catheter tip 
was positioned outside or in the jet. When the catheter 


tip was outside the jet, the amplitude of the pressure - 
pulse was small and the peak systolic pressure was 110 | 
mm Hg. However, when the catheter tip was in the jet, - 
the amplitude of the pressure pulse was large and the _ 
peak systolic pressure was 170 mm Hg. There was a 
difference of about 20 mm Hg between the peak systolic — 
pressures in the left ventricle and in the jet. The peak | 
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FIGURE 3. Angiogram of the constricted aorta and the catheter. The | 
catheter tip is inserted into the jet at an angle of 30°. The contrast - 
medium was injected from the left ventricular apex. es 

| 


7 


t | 





REIL ea I i 
ONE A ; 


PERE 
$e 


Е 2, Т 
^ d 7 p 


= 


б, eee 


pay ae 
ах ~ 
411 "Tr 


M 


ts 
? 





zm 


` FIGURE 4. Angiogram of catheterization in a dog. 
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Baortic valve pressure gradient calculated from the left 
_ ventricle pressure was 80 mm Hg and that from the 
E in the jet was 60 mm Hg (Fig. 6). 
x. Discussion 
—. Some investigators claim that a certain degree of 
energy loss must occur across the constricted valve when 
the flow passes through it. Gorlin and Gorlin? proposed 
- the use of an empirical coefficient to make correction 
- for this energy loss. However, the Bernoulli equation 
_ (energy conservation equation) i is used in deriving hy- 
- drodynamic equations that yield the well-known Gorlin 
equation for the valve area, although the minor cor- 
_ rection for the energy loss is included. This means that 
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the Gorlin equation ESRA a basic assumption that the 
energy loss across the valve is small. (Even if there is no 
energy loss across the valve, there is a static pressure 
gradient according to the Bernoulli theorem.) The ac- 
tual values of the empirical coefficient adopted by 
Gorlin and Gorlin confirm that the assumption should 
hold. Therefore, our basic assumption is acceptable 
insofar as the Gorlin equation is acceptable. In fact, the 
total pressure did not decrease significantly across 
the constriction and in the laminar core in our 
experiments. 

Since the pressure gradient exists also in the left 
ventricle, the total pressure just proximal to the aortic 
valve is different from the pressure measured in the left 
ventricle by the conventional method. Wang and Son- 
nenblick? predicted theoretically a difference of up to 
about 7 mm Hg between the static pressure at mid 
ventricle, which is regarded as the conventional LV 
pressure, and the total pressure at a point just proximal 
to the aortic valve. This difference is believed to be 
caused by the accelerating motion of the blood in the left 
ventricle. However, in our animal experiments, we did 
not find any significant difference between the peak LV 
pressure measured with a catheter introduced from the 
left atrial appendage and the peak total pressure mea- 
sured proximally to the constriction in the aorta. 

The continuous withdrawal tracings of the total 
pressure showed that the peak systolic pressure was 
approximately equal to that of the left ventricle as far 
as 1.5 cm downstream of the constriction (Fig. 5). 
Thereafter, the systolic pressure was gradually reduced. 
This means that if the total pressure is measured in the 
laminar core, the peak systolic LV pressure is obtained, 
even though the measurement is carried out a certain 
distance downstream of the stenotic aortic valve. 

For the clinical applications, the measurement should 
be performed with a catheter inserted from the femoral 
or radial artery. It might appear to be difficult to de- 
termine if the catheter tip has been positioned in the 
laminar core or not. However, if the catheter tip is po- 


Des.Ao 


downstream of the stenosis 


- FIGURE 5. Continuous withdrawal tracings of total pressure. The peak systolic pressure was approximately equal to that of the left ventricle (LV) 
. as far as 1.5 cm downstream of the constriction. Ao. = aorta; Desc. Ao. = descending aorta. 
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FIGURE 6. Pressure waveforms from a patient with aortic stenosis. A, 
pressure measured with a catheter inserted into the left ventricle across 
the stenotic aortic valve. B, pressure in the laminar core of the jet. C, 
pressure outside the jet in the ascending aorta. D, pressure in the tho- 
racic descending aorta. 


sitioned outside the jet, the amplitude of the pressure 
pulses is small, and if it is introduced within the jet, the 
amplitude increases suddenly (Fig. 7). Therefore, the 
operator can confirm whether the catheter is within or 
outside the jet without difficulty. When using an elastic 
catheter, the oscillatory and damping effects on the 
pressure waveforms are usually inextricable. Although 
these effects appeared especially in the pressure wave- 
forms immediately downstream from the stenosis, the 
peak systolic pressure at this point was almost the same 
as that of the left ventricle. 

In our experiments the surface of the constriction was 
smooth and the shape was regular. However, actual 
aortic stenoses, such as a severely stenotic rheumatoid 
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FIGURE 7. Difference between pressure waveforms when the catheter. 
tip was in and outside the jet. When the catheter tip was ровай 
outside the jet, the amplitude of the pressure pulse was small. When - 
the catheter tip was introduced within the jet, the aortic pressure pulse - 
suddenly increased in amplitude. As.Ao. = ascending aorta; LV = left 
ventricle. / 


aortic valve, have deformed orifices and irregular sur- 4 
faces, and the jet may flow in various directions. How- 
ever, even though the catheter tip was inserted into the - 
jet at an angle of 30*, the measured pressure waveform. А 
was almost the same as the correct one (Fig. 2 and 3). | 
In the clinical measurements, although the pressure 
waveforms during the ejection period measured at the 
jet were similar to those of the left ventricle, the peak - 
systolic pressure in the jet was 20 mm Hg lower than. 
that of the left ventricle. We believe that this discrep- 
ancy occurred because the catheter itself obstructed the - 
small aortic orifice and increased the afterload on the 
left ventricle. The aortic valve area was calculated to be · 
about 0.5 cm?, and the cross-sectional area of the cath- 
eter was 0.04 cm. Thus, the catheter reduced the aortic - 
valve area by about 10%. LV pressure is probably 
overestimated by the conventional method of the 
catheterization. | 
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ad between the left subclavian artery and the 
al appendage. The dogs were instrumented 
LV pressure micromanometer and ultrasonic 
measuring LV major- and minor-axis di- 
ers and ventricular wall thickness. During 
kade treatment and for the same end-systolic 
re, closure of the fistula produced a 40% 
rease in cardiac output; end-diastolic diameter 
sed y 1.5 mm and end-systolic diameter 





l-systolic pressure-volume relation is used ex- 
to quantify ventricular performance of the in 
eart, both in experimental and in clinical studies.! 
asis of this evaluation rests on the applicability 
obtained with isolated left ventricles to ejecting 
cles in situ. One of the requirements for using the 
tolic pressure-volume relation in clinical situa- 
its absence of modifications by changes of end- 

c dimensions. Isolated left ventricles showed a 
-preload-independent end-systolic pressure- 
e relation? and the same preload independence 
end-systolic pressure-diameter relation was found 
scious dogs.? However, in ejecting left ventricles, 

id-systolic pressure-volume relation deviates from 
ie obtained with isovolumically contracting ven- 
„ particularly when stroke volume is large? and 
ius studies in the in situ heart?-!? documented an 
sed end-systolic volume (or diameter) when 
iastolic dimensions were increased. 

his study examines the behavior of the end-systolic 
ire-volume relation in the conscious dog during 
t modifications of end-diastolic dimensions pro- 
d by closure of a fistula created between the left 
vian artery and the left atrial appendage. 
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ystolic | Left Ventricular Pressure-Di nension 
Shift During Acute Relief of Volume Overload 
in the Conscious Dog 
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decreased by 0.9 mm. Calculated end-systolic 
volume was similarly decreased by 1.3 ml for a 
decrease of 2.9 ml of end-diastolic volume. Thus, 
large end-diastolic dimensional variations associ- 
ated with peripheral resistance decrease signifi- _ 
cantly modify the end-systolic pressure-diameter 
(and volume) relations in the conscious animal. It — 
is suggested that indexes obtained from these . 
relations should not be used in patients when sys- _ 
tolic pressure variations are associated with large. І 
stroke volume variations. i 





(Am J Cardiol 1985;55:1102-1 106) 


Methods 


A thoracotomy was performed in the fourth left intercostal — 
space in 7 beagle dogs that weighed 8.8 to 18.4 kg (average — 
13.8). Ventilation was maintained with a Harvard respirator -. 
delivering room air through an endotracheal cannula. The | 
parietal pericardium was widely open and a high-fidelity - 
micromanometer (Konigsberg P7) was inserted into the left. 
ventricular (LV) chamber through the cardiac apex. Ultra- = 
sonic crystals were positioned for measurement of external a 
LV major-axis diameter (at the base and the apex of the left 
ventricle), anteroposterior internal minor-axis diameter anc 

equatorial wall thickness.!! The left subclavian artery was 
dissected and sectioned. The apex of the left atrial appendage 
was also sectioned and internal architecture of the left atrial | 
appendage was cut. The subclavian artery was sutured to the _ 
left atrial appendage. An inflatable cuff was placed around _ 
the subclavian artery and a plastic tube filled with heparinized 
saline solution was placed into the left atrium through the left 
atrial appendage. The parietal pericardium was left widely |. 
open. The chest was then closed and experiments were per- n 
formed after a recovery period of 6 to 13 days. л. 

The fistula was left open during the recovery period after 
surgery. Data were measured in the conscious state before and 
after closure of the fistula by inflation of the cuff occluder. The 
fistula was then reopened and propranolol (1 mg/kg intrave- 
nously) was injected. Data were measured 5 minutes later, ^ 
before and after a new closure of the fistula. Methoxamine (2... 
mg/kg/min intravenously) was injected in 1 dog and data were 
measured during the pressure increase, 1 to 3 minutes after 
the end of the infusion and after reopening of the fistula. 

Analysis of recorded LV pressure an 





































у упа | ic Data i in the Seven Dogs - 


“EDP 





blockade treatment. 
* p <0.002. 


F is the value calculated by the F test with all 4 interventions. 
end-ejection; ES = end-systolic; HR = 


ED = end-diastolic; EE = 
stress. 





^. period of recording was analyzed at a sampling rate of 200 Hz 
= in each channel. End-diastole was defined by the foot of the 
> pressure increase when LV pressure began to rise rapidly. 
¿> End-systole was the maximal calculated pressure-volume ratio 
^. and end ejection was the nadir of systolic calculated volume. 
— А mean cardiac cycle was calculated by averaging points ob- 
_ tained after end-diastole (60 points every 5 ms) for systole and 
before end-diastole (40 points every 5 ms) for diastole. The 
percentage of systolic shortening or thickening was calculated 
as: %AL = (end-diastolic dimension — end-ejection dimen- 
ion)/end-diastolic dimension. LV volume was obtained by 
the formula of Rankin et all V = 7/6 X Ьа — 1.1 h), where 
Д = internal minor-axis diameter, а = external major-axis 
liameter and h = equatorial wall thickness. Ventricular 
unction indexes were calculated from ventricular volume 
measurements: stroke volume as end-diastolic volume — 
md-ejection volume; ejection fraction as stroke volume/ 
nd-diastolic volume; and cardiac output as stroke volume X 
.. heart rate. 
© . Dimensional data are given in absolute values and in nor- 
malized values: Volume and diameter were normalized to 10 
or end-diastolic values with the closed fistula without 6 
blockade treatment. One-way variance analysis (hemody- 
amic variables) and 2-way variance analysis (dimensional 
ta) were used for statistical analysis of different interven- 
ions. When a significant trend was found by the Е test,!? a 
aired t test was used to compare data obtained when the 
istula was open with data when the fistula was closed. Sta- 
istical significance was defined as p «0.05. Values are given 
s mean + standard error of the mean. 
































Results 


^. An example of the effect of closure of the fistula is 
^ shown in Figure 1. Transient changes of systolic pres- 
- sure prevented to perform a beat-to-beat analysis of the 
`, behavior of end-systolic dimensions when end-diastolic 
_ dimensions were decreasing, because systolic pressure 
`. was also changing. Data were thus calculated after sta- 
` bilization of both end-diastolic dimensions and systolic 
ressure (20 to 60 seconds after closure of the fistula) 
Tables I and П). 

-Closure of the fistula produced a significant decrease 
f end-diastolic pressure and dimensions (Tables I and 
I). This was associated with a slight decrease of heart 
ate, particularly without 8 blockade treatment, so that 
süre. of the fistula produced a decrease of cardiac 
























Data were compared with the fistula open (OF) and with the fistula closed (CF), without and with § 


[+ 0.2 litera; rin ao <0. 200 s 








T peak dP/dt — 






EEP c НАЗ 
(mm Hg) (mm Hg) (mm Hg) (mm Hg/s) | © {beats/min) prom 

Without Û blockade 

OF 15 3 130 + 10 102+ 16 3,909 + 174 129 + 5 

СЕ 9 +3* 133 + 11 116 + 15 3,820 + 196 111+ 9 
During Û blockade 

OF 22 t3 145 + 11 115 X13 3,183 + 142 122 +4 

CF 14 i3 144 + 12 123412 3,043 + 77 109 + 6 
F 6.0 0.4 8.1 2.5 
p value «0.005 NS «0.005 NS 






























heart rate; P — pressure; S — 


without В blockade treatment and from 1.4 + 
1.00 + 0.2 liters/min (p «0.005) during Û bloc 
treatment. 

When ventricular function was expressed 
percentage of systolic shortening or ejection fr. 
closure of the fistula produced a decrease of th 
which was statistically significant for most va 
(Table II). Peak dP/dt was also decreased after « 
of the fistula both without and during £ 
treatment, although these changes were not stat 
significant. The effect of the closure of the fistu 
resented in Figure 1 shows parallel changes « 
diastolic and end-systolic dimensions for similar 
pressures. For similar end-systolic pressures, end 
{ойс diameter and volume (Fig. 2 and 3) were : 
cantly shorter when the fistula was closed than w 
fistula was open. The mean decrease of end-sy 
volume after closure of the fistula was 1.3 ml, c 
sponding to 44.896 of the decrease of end-diast li 
ume (2.9 ml, Table I). Wall thickness showed an in 
behavior (Table IL), although changes were not sta 
tically significant. 
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(mm Hg) 
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DIAMETERImm) 


MINOR AXIS 
DIAMETER (mm)! 


8 
WALL THICKNESS 
(mm) 7 


RE OF THE 
FISTULA 
FIGURE 1. Effect on ventricular function of an abrupt closure of 
subclavian-atrial shunt in 1 dog. immediately after closure of the fis 
the decrease of end-diastolic dimensions was associated with tr 
changes of systolic pressure, which stabilized about 20 se 
Systolic pressure is similar i in the right and in left panel. and. t 
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Ventricular Volume (ml) 
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Wall Thickness (mm) 
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Dimension Data in the Seven Dogs 


Without Û blockade 
OF 
CF 


TABLE 11 


With Û blockade 


05 «0.005 «0.005 «0.005 


00025 


15 
05 NS «0.005 «0.005 «0.005 <0. 


oocoo-c 


Оз еч 015.05 


3 

1 

2 
1. 
42 


005 «0.005 <0.005 «O. 


* p <0.002; їр <0.01; їр «0.05; $ p <0.005. Comparisons as in Table |. 
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емсе d ' diffe busted slopes 
of the end-systolic pressure- -diameter relations i inl dog | | 
during pressure changes associated with or not associ- 
ated with changes in end-diastolic values. 





Discussion Л 


The requirement for assessing ventricular perfor- 
mance using the end-systolic pressure-volume relations 
is the construction of the regression line between end- 
systolic pressure and volume for various end-systolic 
pressures while the inotropic state is kept constant.! 
This allows calculation of the slope of the line corre- 
sponding to Emax as defined by Sagawa.! The goal of our 
study was not to construct such a regression line, but 
was limited to the verification of whether or not end- 
systolic dimensions were fixed only by end-systolic 
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FIGURE 2. Mean calculated cardiac cycle from the 7 dogs when the 
fistula was open and when the fistula was closed during -blockade - 
treatment. Symbols are separated by 10-ms time intervals. The first. 
vertical line represents end-diastole and the second vertical line - 
end-systole (peak of the pressure/volume ratio). Peak systolic pressures. 
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pressure. The requirements were thus to measure 
end-systolic values for different end-diastolic di- 
mensions, keeping systolic pressure and inotropic 
state constant. 

The leftward shift of the end-systolic pressure-di- 
mension point observed after closure of the fistula could 
be a result of methodologic limitations of the study. The 
absence of pericardial sack probably allowed a larger 
ventricular dilatation during volume overload than that 
which would have been achieved with an intact peri- 
cardium as shown by the study of LeWinter and Pave- 
lec.14 However, end-diastolic volume changes produced 
by closure of the fistula during 8 blockade were 13% 
(Table II), which is in the range of changes produced by 
interventions in the catheterization laboratory. Simi- 
larly, ventricles in this study were subjected to a 6- to 
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13-day period of volume overload when mechanical o 3 
e o о оф oa è 
changes are already present.!5 Thus, we may have to dale Reg Я 
limit our conclusions to a physiopathologic state where 8 9 10 11 ^ 
end-diastolic pressure and volume have been increased NORMALIZED L.V. MINOR DIAMETER É 
for a period of time, as they are in cardiac patients. FIGURE 3. Mean calculated pressure-diameter loop (points were 
Sympathetic reflexes were blocked by the intravenous separated by 10-ms time intervals) from 7 dogs receiving 8-Ыоскаде - 
injection of 1 mg/kg of propranolol. We previously treatment with the fistula open and closed. Diameter was normalized - 
showed!! that this dose allows complete B blockade. to 10 for end-diastole when the fistula was closed without 8 blockade. б 
М thel th fl babl t Both end-systolic and end-ejection diameters were significantly shorter 
1 ا‎ 2088, О ег гепехев were PFODEMY present, as when the fistula was closed, although the corresponding pressures were i 
indicated by the slight decrease in heart rate after clo- not significantly different. The p values indicate a significant difference 
sure of the fistula, but these reflexes would tend to de- between diameter values. 
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FIGURE 4. End-systolic pressure-diameter relations in a dog during changes of afterload produced by methoxamine injection. Left, regression 
line was Calculated for different periods of time during and 1 to 3 minutes after methoxamine injection. During the early phase of pressure rising, 
end-diastolic dimensions (indicated by the figures) varied only from 22.9 to 23.1 mm, but there was later a progressive increase in end-diastolic - 
diameter associated with a further increase in end-systolic pressure. Right, with a dilated scale, the squares represent the early phase of pressure 
increase when end-diastolic dimensions did not change significantly. The half-filled circles represent the opening of the fistula, 3 minutes after 
the end of methoxamine injection. End-diastolic diameter did not change during this procedure, whereas systolic pressure decreased by 40 mm 
Hg. The open circle represents the measurements taken when the fistula was open before methoxamine injection. The regression lines of the right © 
. panel are parallel for 2 different end-diastolic dimensions. The dotted line is the calculated line obtained in the left panel when end-diastolic dimensions 
магу. This line appears as an сае between the 2 papo lines. 
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iameter point to the right and not the left, as 
our study (Fig. 3). 
olated hearts, the right ventricle is vented; in the 
1 heart, pressure and volume changes occurring in 
ht ventricle modify LV function.!© However, the 
1 was designed to produce a pure LV overload, and 
re of the fistula did probably not produce right 
icular changes. Furthermore, LV systolic function 
1inimally affected by right ventricular changes, 
icularly when the pericardium is opened.!? Even if 
liscard the calculated volumes which could be er- 
ous, our data show similar variations of the relation 
ween LV pressure and anteroposterior diameter, 
is probably not modified by septal shifts. 
cent studies have shown in isolated hearts!? and 
onscious dogs!? that a decreased peripheral resis- 
e shifts the end-systolic pressure-volume relation 
he left. This shift was attributed to an increase in 
ke volume. Suga and Yamakoshi® showed a de- 
ession of end-systolic pressure from the isovolumic 
n ejecting ventricle when stroke volume was large. 
ur model, the fistula produced a marked change in 
odynamic conditions, particularly an increased 
-diastolic dimension (Tables I and II) and probably 
reased peripheral resistance, since part of LV 
ke volume was ejected into the left atrium. Both an 
sase in end-diastolic volume and a decrease in pe- 
eral resistance, producing an increased stroke vol- 
apparently played a role in the shift of end-systolic 
sure-dimension relations after closure of the fistula. 
echanisms of depression of end-systolic pressure 
rom the isovolumic line when stroke volume is large, 
a and Yamakoshi suggested an uncoupling effect 
iuick shortening of heart muscles, contractility 
ar ges with fiber length and shortening velocity, and 
me viscous resistance against deformation among 
yocardial fibers and layers. The existence of a series 
oelastic element has also been suggested by 
linter et al? as an explanation for the time-de- 
lent shift of the LV diastolic filling relation after 
thoxamine injection, similar to that we observed (Fig. 
"his may play a role on the end-systolic pressure- 
ension relation. 
he depression of systolic pressure from the isovo- 
ic line when stroke volume was increased was con- 
red as small compared with possible changes of 
ойс pressure. However, in our study, end-systolic 
or-axis diameter was 4% larger when the fistula was 
1 compared with values when the fistula was closed 
atched systolic pressures (Tables I and П). Such 
es of end-systolic dimensions are produced by 
ncreases of systolic pressure. Sasayama et al?! 
а a 12% increase in end-systolic diameter when 
systolic pressure was increased by 61 mm Hg by 
nflation of an aortic cuff occluder, and we re- 
similar results in our previous study of pressure 
oad in the conscious dog.!! Preload-induced 
end- рны b did ue would thus corre- 
>t 











i nd to shift the end- systolic Be 


dia of the per pim pres- uc E 


end- diastolic сез ан. were maintained constar 
not. The 45 to 50% variation of the calculated slope о 5 
the pressure-diameter (or volume) relations observed 
in Figure 4 whether or not end-diastolic dimensions . 
were changing, is in the order of magnitude of Emax 
variations produced by norepinephrine infusion in 
perfused hearts? or dobutamine infusion (10 ug/kg/min) 
in the conscious dog.!? 

In conclusion, our data show a significant leftward 
shift of the end-systolic pressure-dimension point 
produced by an abrupt closure of a subclavian artery- 
left atrial fistula, corresponding to about half of the 
end-diastolic dimension changes. This suggests that the 
analysis of the end-systolic pressure-dimension rela- ` 
tions can lead to erroneous conclusions in patients, - 
particularly when Emax is calculated during systolic 
pressure manipulations associated with large variations | 
of stroke volume produced by end-diastolic or aortic 
impedance changes or both. These data illustrate that 
findings in isolated hearts may not be applicable to 
the in situ heart, particularly in a setting of volume | 
overload. | 
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CCurred after abrupt discontinuation of such therapy. 
intinuing chronically administered Visken (pindolol), 
in patients with ischemic heart disease, the dosage 
gradually reduced over a períod of one to two weeks 
patient should be carefully monitored. И angina mark- 
15. 0r acute coronary insufficiency develops, Visken 
ministration should he reinstituted promptly, at least 
шу, abd other measures appropriate for the manage- 
unstable angina should be taken. Patients should be 
interruption or discontinuation of therapy 
hysician's advice. Because coronary artery disease 
id may be unrecognized, it may be prudent not to 
ken (pindolol) therapy abruptly even in patients 
hypertension. 


jronchospasm (e.g., chronic bronchitis, emphy- 
its with Bronchospastic Diseases Should in 
eceive Beta-Blockers: Visken (pindolol) should be 
. With caution since it may block bronchodilation 
J by endogenous or exogenous catecholamine stimula- 
beta, receptors. 

irgery: Because beta blockade impairs the ability of the 
espond to reflex stimuli and may increase the risks of 

anesthesia and surgical procedures, resulting in 
racted hypotension or low cardiac output, it has generally 

suggested that such therapy should be withdrawn several 

prior to surgery. Recognition of the increased sensitivity to 
ct ines of patients recently withdrawn from beta-blocker 
however, has made this recommendation controversial. 
le, beta-blockers should be withdrawn well before 
kes place. in the event of emergency surgery, the 
ogist should be informed that the patient is on beta- 
тару. The effects of Visken® (pindolol) can be 
' administration of beta-receptor agonists such as 
enol, dopamine, dobutamine, or levarterenol. Difficulty 
ring and maintaining the heart beat has also been 
ed with beta-adrenergic receptor blocking agents. 


jetes and Hypoglycemia: Beta-adrenergic blockade may 
‘The appearance of premonitory signs and symptoms 
+ tachycardia and blood pressure changes} of acute hypo- 
eria. This is especially important with labile diabetics. Beta- 
kade also reduces the release of insulin in response to 
emia, therefore, it may be necessary to adjust the 
antidiabetic drugs. 
icnsis: Beta-adrenergic blockade may mask certain 
gns (е.0., tachycardia) of hyperthyroidism. Patients 
ected of developing thyrotoxicosis should be managed 

ly to avoid abrupt withdrawal of beta-blockade which 
Irecipitate a thyroid crisis. 


JONS 

hd Renal or Hepatic Function: Beta-biocking agents 

be used with caution in patients with impaired hepatic or 
jnction. Poor renal function has only minor effects on 
f! (pindolol) clearance, but poor hepatic function may 

€ blood levels of Visken (pindolol) to increase substantially. 


on for Patients: Patients, especially those with 

0f coronary artery insufficiency, should be warned 
rruption or discontinuation of Visken (pindolol) 

hout the physician's advice. Although cardiac failure 
$ in properly selected patients, patients being 

ith beta-adrenergic blocking agents should be advised 
isult the physician at the first sign or symptom of impend- 








агаш ne-depieting drugs (e.g., 
ne) may have an additive effect when given with beta- 
ceiving Visken (pindolol) plus а. 
nt , therefore, be closely. 
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Visken (pindolol) has been used with a variety'of antihyperten- 
sive agents, including hydrochlorothiazide, hydralazine, and 
guanethidine without unexpected adverse interactions. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: in 
chronic oral toxicologic studies (one to two years) in mice, rats. 
and dogs, Visken (pindolof) did not produce any significant toxic 
effects. In two-year oral carcinogenicity studies in rats and mice 
in doses as high as 59 mg/kg/day and 124 mg/kg/day (80 and 
100 times the maximum recommended human dose), respec- 
tively, Visken (pindolol) did not produce any neoplastic, preneo- 
plastic, or nonneoplastic pathologic lesions. In fertility and 
eneral reproductive performance studies in rats, Visken 
pindolol) caused no adverse effects at a dose of 10 mg/kg. 


in the male fertility and general reproductive performance test 
in rats, definite toxicity characterized by mortality and decreased 
weight gain was observed in the group given 100 mg/ kg/day. 

At 30 mg/kg/day, decreased mating was associated with 
testicular atrophy and/or decreased spermatogenesis. This 
response is not clearly drug related, however, as there was no 
dose response relationship within this experiment and no similar 
effect on testes of rats administered Visken (pindolol) as a 
dietary admixture for 104 weeks. There appeared to be an 
increase in prenatal mortality in males given 100 mg/kg but 
development of offspring was not impaired, 


in females administered Visken (pindolol) prior to mating 
through day 21 of lactation, mating behavior was decreased at 
100 mg/kg and 30 mg/kg. At these dosages there also was 
increased mortality of offspring. Prenatal mortality was 
increased at 10 mg/kg but there was not a clear dose response 
relationship in this experiment. There was an increased resorp- 
tion rate at 100 mg/kg observed in females necropsied on the 
15th day of gestation. 


Pregnancy—Category B: Studies in rats and rabbits exceeding 
100 times the maximum recommended human doses, revealed 
no embryotoxicity or teratogenicity. Since there are no adequate 
and weil-controlied studies in pregnant women, and since 
animal reproduction studies are not always predictive of human 
response, Visken (pindolol), as with any drug, should be 
employed during pregnancy only if the potential benefit justifies 
the potential risk to the fetus. 


Nursing Mothers: Since Visken (pindolol) is secreted in human 
Mp nursing should not be undertaken by mothers receiving 
the drug. 


Pediatric Use: Safety and effectiveness in children have not 
been established. 


CLINICAL LABORATORY 

Minor persistent elevations in serum transaminases (SGOT, 
SGPT) have been noted in 796 of patients during Visken (pindo- 
lol) administration, but progressive elevations were not observed 
and liver injury has not been reported in the medical literature 
Over a ten (10) year períod of marketing. Alkaline phosphatase, 
lactic acid ушшш (LDH) and uric acid are also elevated 
on rare occasions. The significance of these findings is unknown. 


ADVERSE REACTIONS 

Most adverse reactions have been mild, The incidences listed in 
the following table are derived from 12 week comparative 
double-blind, parallel design trials in hypertensive patients given 
Visken TOA as monotherapy, given various active control 
drugs as monotherapy, or given placebo. Data for Visken 
(pindoiol) and the positive controls were pooled from severa! 
trials because no striking differences were seen in the individual 
Studies, with one exception. The frequency of edema was 
noticeably higher in positive contro! trials (16% Visken (pindolol) 
vs 996 positive control) than in placebo controlled trials (6% 
Visken (pindolol) vs 3% placebo). The tabie includes adverse 
reactions reported in greater than 296 of Visken (pindolol) 
patients and other selected important reactions. 


Total (Volunteered and Elicited) 
Visk Activa 











en 
(pindolol) controls" Placebo 
Body System/ N= 322] (N = 188) {Н = 78) 
verse Reaction % % 
Central Nervous System 
Anxiety 4 «1 1 
Bizatte ог Many Dreams 8 3 8 
Dizziness 1? 23 8 
Fatigue 15 19 12 
Hatlucinations 1 0 Û 
insomnia 19 12 
Lethargy 3 б 4 
Nervousness 11 5 9 
Weakness 7 5 4 
Autonomic Nervous System 
Paresthesia 5 2 8 
Visual Disturbances 4 3 4 
Cardiovascular 
Dyspnea 9 8 8 
Edema 11 9 3 
Heart Failure 2 «1 0 
Palpitations 2 2 0 
Weight Gain 3 5 0 
Musculo-Skeletal 
Chest Pain 5 3 5 
Joint Pain 11 8 8 
Muscle Cramps 8 2 0 
Muscle Pain 12 12 9 
Gastrointestinal 
Abdominal Discomiort 7 7 5 
Nausea 7 4 t 
Skin Dia A hae 
г РА 22 <] MGE ВЕНЕ 
: Patients received either propranolol -a-methyidopa ora — 


-giuretic thydrochiorothiazide or chlorthalidainel 





` More 





The following selected {potentially important} adverse reactions 
were seen in 296 or fewer patients and their relationship to 
Visken (pindoiol) is uncertain. AUTONOMIC NERVOUS STEM: 
hyperhidrosis; CARDIOVASCULAR: bradycardia, claudication, 
cold extremities, heart block, уреп. syncope, tachycar- 
dia; GASTROINTESTINAL: diarrhea, vomiting; RESPIRATORY: 
wheezing; UROGENITAL: impotence, poliakiuria; MISCELLANE- 
OUS: eye discomfort or burning eyes. 


POTENTIAL ADVERSE EFFECTS 

in addition, other adverse effects not listed above have been 
reported with other beta-adrenergic blocking agents and should 
be considered potential adverse effects of Visken (pindolol). 


Central Nervous System: Reversible mental depression 
progressing to catatonia; an acute reversible syndrome charac- 
terized by disorientation for time and place, short-term memory 
loss, emotional lability, slightly clouded sensorium, and 
decreased performance on neuropsychometrics. 


Cardiovascular: intensification of AV block. See 
CONTRAINDICATIONS. 


Allergic: Erythematous rash; fever combined with aching and 
sore throat; laryngospasm; respiratory distress. 


Hematologic: Agranulocytosis; thrombocytopenic and non- 
thrombocytopenic purpura. 


„з Адаш аы Mesenteric arterial thrombosis: ischemic 
colitis. 


Miscellaneous: Reversible alopecia; Peyronie's disease. 


The oculomucocutaneous syndrome associated with the beta- 
blocker practoio! has not been reported with Visken (pindolol) 
during investigational use and extensive foreign experience 
amounting to over 4 million patient-years. 


OVERDOSAGE : 
No specific information on emergency treatment of overdosage 
is available. Therefore, on the basis of the pharmacologic 
actions of Visken (pindolol), the following general measures — 
should be employed as appropriate in addition to gastric lavage: 


Excessive Bradycardia: administer atropine; if there is no 
response to vagal blockade, administer isoproterenol cautiously. — 


Cardiac Failure: digitalize the patient and/or administer diuretic... 
it has been reported that glucagon may be useful in this 
situation. 


Hypotension: administer vasopressors, e.g., epinephrine or 
levarterenoi, with serial monitoring of blood pressure. (There is 
evidence that epinephrine may be the drug of choice.) 


Bronchospasm: administer a beta, stimulating agent such as 
isoproterenol and/or a theophylline derivative. 


A case of an acute overdosage has been reported with an intake 


of 500 mg of Visken (pindolol) by a hypertensive patient. Blood ^ - 


pressure increased and heart rate was > 80 beat/min. Recovery — 
was uneventful. in another case 250 mg of Visken (pindolol) was - 


taken with 150 mg diazepam and 50 mg nitrazepam, producing. i 


coma and hypotension. The patient recovered in 24 hours. 


DOSAGE AND ADMINISTRATION | E 
The dosage of Visken (pindoiol) should be individualized. The 
recommended initial dose of Visken (pindolol) is 5 mg b.i.d. 
alone or in combination with other antihypertensive agents. Ап 
amihypertensive response usually occurs within the first week of 
treatment. Maximal response, however, may take as long asor - 
occasionally longer than two weeks. If a satisfactory reduction .— 
in blood pressure does not occur within 3-4 weeks, the dose 
may be adjusted in increments of 10 mg per day at these 
intervals up to a maximum of 60 mg per day. 


HOW SUPPLIED 

White, round, scored tablets: 5 тр and 10 mg, packages of 
100. 5 mg tabiets embossed "VISKEN 5" on one side, and 
"78-111" and scored on other side (NDC 0078-0111-05). 10 mg 
tablets embossed "VISKEN 10" on one side, and "78-73" and 
Scored on other side (NDC 0078-0073-05). 
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\1$Кеп (pindolot) for your 
older hypertensive patients?” 


When you're — 
asked about — 
Visken therapy 
you'll want 
, to have | 
| the answers. | 


— Visken 


555 W. JACKSON a 5-mg and 1 Omg : 
CHICAGO, IL 60606 pindolol) iss — 
Please send me clinical background 

information on Visken (pindolol). Fm Send me 


interested in how it acts as a beta 
blocker and a partial beta agonist the answers. 
орке | at ће same time to control blood 
Sire brief summary of pres @ pressure and maintain cardiac 
окшо ET пах ра e output. How does this dual action | 
e benefit my patients over55 who may — . 


have elevated blood pressure, — _ ADDRESS 


imnaired cardiac finctian and 
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Our challenge was to build M-modes singly or simul- 23 

a compact, portable cardiac taneously. Complete calcula- s 
ultrasound laboratory, with state- tion of all important cardiac ae | 
of-the-art performance and deliver parameters (SV, EE FS, CO and ». 1 
it at a cost-effective price. The result: the more). Full alphanumerics plus compre- 4 
new SSH-60A. hensive exam data, physiological param- 53 
We began with a compact, lightweight ^ eters with ECG synchronization and A- ME 
and highly mobile design. Added the mode/TGC displays, only cite a few of the E. 
high performance of phased array trans- 85Н-60А5 features. S 
ducer technology, and an extensive range Couple all of its capability with easy A 
of probes to perform a wide variety of upgradability to Doppler and a surpris- x 
routine and special procedures. . . from ingly affordable price. We think you'll | J 
tiny neonates to large-chested adults. agree that the SSH-60A is today’s “small ‚5% 
The SSH-60A incorporates a powerful wonder?” in cardiac ultrasound. a 
on-board computer with sophisticated, For further information on the SSH-60A Та 
“user friendly” software to provide а cardiac scanner, please call toll-free (800) A 
comprehensive range of functions either 421-1968, in California call (714) 730-5000, 4 
on- or off-line. There's two frame memory ог write Toshiba Medical Systems, 2441 уг 
for recording and displaying both B- and Michelle Drive, Tustin, CA 92680. 4 
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nots angina à pectoris due to coro- 


& 
со, Ап important new book on 
disease. The conditional approval at Sem. 9 ә ө " 
i drug may be marked не futher ves pem s most virulent epidem ic 


1855 Of the product will be announced by the FDA. 
INDICATIONS 
f organic nitrate drugs, marked anemia, increased in- 
pressure or increased intracranial pressure. 
GS 
swith acute myocardial infarction or congestive heart fail- 
erm-Nitro system should be used under careful clinical 
odynamic monitoring. 
ating treatment of anginal patients, both the dosage and 
of application must be gradually reduced over a period of Zu c7 B 0 
рева sudden withdrawal reactions, which are OM : il urge 
tic of ali vasodilators in the nitroglycerin class. TIE —U À 2 Y 
ead oes systerns should be removed before at- Jd vif А m нче тни ES 
efibrillation or cardioversion because of the potential for co MEN T EE. oil is 
iectrical conductivity which may enhance the possibility of vB ? ue Den deny zm | or Жа 


phenomenon associated with the use of defibrillators. 


ms of ча such as faintness, weakness or dizzi- ud о os 
¿particularly orthostatic hypotension may be due to overdos- mE. Be XE И : 
(hen these symptoms occur, the dosage should be reduced or E. - 5 edited by Pearl Ma PhD, and 
product discontinued. OO е 5 toreword pud David ^ Sencer, : 
derm-Nitro system is not intended for immediate relief of 2] ES 
attacks. For this purpose occasional use of the sublingual 
iparations may be necessary. 
VERSE REACTIONS 
sient headaches are the mos! common side effect, especially 
her doses of the drug are used. These headaches should 
eated with mild analgesics while Transderm-Nitro therapy is а Ei али ee COME E rae n 3 Du E 
. When such headaches are unresponsive to treatment, M E : | Dum ; neni 
ilycerin dosage should be reduced or use of the product PS ay 
| The first scientific с presentation | 


e reactions reported less frequently include hypotension, 


heart rate, faintness, flushing, dizziness, nausea, vomit- | Ho 
rmatitis. These symptoms are attributable to the known + facts i in a full 
Ogic effects of nitroglycerin, but may be symptoms of ee 
у. ко they persist the dose should be reduced or use 


should be initiated with application of one Transderm-Nitro 5 
‘the desired area of skin. Many patients prefer the chest; if 
ikely to interfere with system adhesion or removal, it can be 
t to placement of the system. Each system is designed to 
lace for 24 hours, and each successive application 
оа different skin area. Transderm-Nitro system should 
ied to the distal parts of the extremities. 
t dosage is one Transderm-Nitro 5 system every 24 | 
ne patients, however, may require the Transderm-Nitro 10 experts Drs: Pear Ма and. мы мы йыз: have совка. 


а singie Transderm-Nitro 5 system fails to provide ade- | 
nical response, the patient should be instructed to remove it | | the complete range of interdisciplinary approaches to this com 


ither two Transderm-Nitro 5 systems or one Transderm- the most eminent researchers and physicians. in disease control ar 


system. More systems may be added as indicated by contin- г: Da 
fui monitoring of clinical response. The Transderm-Nitro 2.5 En оем the country: Comprehensive cove rage is given t 


setul principally for decreasing the dosage gradually, 
provide adequate therapy for some patients when material on why this syndrome occurs ран among homos 
)ptimal dosage should be selected based upon the clinical re- | f other health care е profesional terested n | the prevention ad 
Side effects, and the effects of therapy upon blood pressure. i 
t attainable decrease in resting blood pressure that is not | F 
ated with clínical symptoms of hypotension especially during EE diseases 
indicates the optimal dosage. To decrease adverse reac- : 
ze and/or number of systems should be tailored to the 


ual patient's needs. * 
ENT матта гот APPLICATIONS з Table of Contents : КОӨ 
ja af © ¢ PART i SEXUALLY TRANSMITTED DISEASES — NO 


ы _ TRANSMITTED DISEASES — DIARRHEAL * РААТ ae. 


derm р System Nitraglycerin — System Carton 

Rel ' in System Size Size 

i 12.5 mg 5 cm? 30 Systems 
{МОС 0083-2025-26j 


25 mg 10 cm* 30 Systems 


(NDC 0083-2105-26) Order Form 


Send orders to 
Yorke Medical Books ALL BOOKS SENT ON 
Box C-757, Brooklyn, New York 11205 30 DAY APPROVAL 


Please send me the following book: 

LI Acquired Immune Deficiency Syndrome (AIDS) and Infections of Homosexual Меп $39.50 (00034) 

LJ Enclosed is my check for which includes $1.50 for handling. York pays postage. Same 
return privilege. New York residents add appropriate sales tax. Add $5.00 per book for orders outside 
the U.S. and Canada. 

Ci Please bill my LJ VISA — L3 MasterCard (same return privilege) 

Card No. Exp. Date 


interbank No. (M/C олу) Signature 
LJ Please bill me plus postage and handling. (U.S. and Canadian orders only.) 


25 mg 10 cm? 7 Systems 
(NDC 0083-2105-07) 
50 mg 20 cm? 30 Systems 
iNDC 0083-21 10-26} 
75 mg 30 cm* 30 Systems 
(NOC 0083-2115-26) 


7 rmaceutical Company 
а CIBA-GEIGY Corporation 


629-7923-А С84-7 (Rev. 2/84) 


Name 
Address 


City/State/Zip 


Customers in the following states plegse incíude appsicable sales tax; CA, CT. GA, IL, МА MI, NY, OH, PA, TX. All foregn order 
be prepaid m US. funds witha check drawn ona U S bank or charged tod cred: : a Please айё. 55, QO per boo. 
shipped outside the US. and Canada: $us | 








































.. Evan Bedford! traced the theme of “palpitation and 
. nervous heart" to the mid-1600s. It was not until 1836 
_ that John Calthrop Williams published his classic text, 
. “Practical Observations on Nervous and Sympathetic 
-Palpitation of the Heart, Particularly as Distinguished 

from Palpitation of the Result of Organic Disease." ? 
Williams, a remarkable figure,’ associated palpitation 
with nervous disturbances, precordial pain, vasovagal 
attacks with syncope, and contrasted nervous or sym- 

athetic palpitation with organic forms. 

During the 1860s, disability in soldiers as a result of 

itigue, palpitation, dyspnea and chest pain, initially 
onsidered unique to the military, was described as a 
specific entity in military medical reports from both 
ides of the Atlantic. 
Jacob M. DaCosta published preliminary reports in 
862 and 1864 about "irritable heart" as the result of 
udies performed at the U.S. Army Hospital for In- 
juries and Diseases of the Nervous System, Turner’s 
Lane, Philadelphia during the War Between the States. 
His definitive and classic work? on “irritable heart,” 
published in 1871, was soon widely recognized and the 
disease is still referred to as DaCosta's syndrome. 
DaCosta thought this disease was similar to that de- 
cribed earlier among British troops in India and in the 
mean War. 
MacLean's published observations іп 18675 confirm 
it irritable heart was widely recognized in the British 
my as well. Myers' 1870 review? of heart disease 
among British soldiers placed emphasis on functional 
disease of the heart—a subject of governmental inquiry 
and commissions that led to a number of military re- 
forms and interventions in attempts to resolve this 
disabling enigma. Myers traced the first British medical 
Officers observations on heart disease in soldiers to the 
“late Dr. Hunter," author of "Observations on Heart 
Disease in the Army," published in the 1836 Transac- 
tions of the Medical and Physical Society of Bombay, 
and Dr. Nicholson, “Prevalence of Heart Disease 
Among the Troops in the Cape Colony in 1839." 8 
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From irritable Heart to Mitral Valve Prolapse: 
British Army Medical Reports, 1860 to 1870 


CHARLES F. WOOLEY, MD 


= hot climates. Functional dis 
. prevalent i in the youn 


Ooo mant and ** 


Diseases of the heart in the British arı 
W.C. MacLean was Deputy Inspector Gene 
Professor of Military Medicine at the Army: 
School when he lectured to men training to bi 
surgeons and physicians at the Royal Victoria 
Netley, first opened in March 1863. From 186 
5,500 men who were invalids from foreign 
passed through the Medical Division; of 49 
for diseases of the heart, 463 were invalided 
service. Earlier experiences with young me 
home stations during 1860 to 1862 included 1. 
service from heart diseases. 

He mentioned® men entered on the lists 


as cases of valvular disease. The great majority ‹ о 
had none of the signs of valvular disease at all. Nc 
Why is this? The official nomenclature in use in t 
has no heading under which to include what may 
"irritable heart”—that rapid, often tumultuous 
common among soldiers; and which, once establishe 
got rid of so long as a man remains in the army and w 
dress and accoutrements of the infantry soldiers. . 


MacLean’s observations support the idea +] 
table heart was widely recognized in the Britis: 
was an important cause of medical disability, a 
the clinical syndrome was frequently classifie 
the category of valvular heart for administrat 
sons. Concerns about the weight (60 pounds) : ic 
tribution of the pack and accoutrements, anc 
strictive nature of the uniform that } 
obstruction to free respiration and circulatio 
accompanied by recommendations for i improvem 
pack and accoutrements. И 

The Netley Hospital records, 1863 to 1869: / 
Myers’ 1870 essay,’ “On the Etiology and Prev 
of Diseases of the Heart Among Soldiers,” was а 
growth of his attendance in the Course of Instr 
at the Army Medical School at Netley. His essay, 
ой a review of the Netley records from 1863 to 186 
chosen by the Executive Committee of the Alex 
Memorial Fund for the first competitive essay. 

Functional disease of the heart was prevalent in 
in part attributed to the great heat. The Army m 
report for 1860 stated that a number of men hat 
sent home laboring under afflictions of the he. 
many cases purely functional, as the result o st 
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nents and рас е were considered as possible 
‘for cardiac symptoms. 

ability or excitability of the heart’s action were 
s an explanation for the cardiac symptoms and 


jlity in young soldiers. The subject generally 
32 


hen at rest he feels perfectly well, and has little or no 
tion of throbbing in his chest; so soon, however, as he 
his tunic and accoutrements and begins his drill, this 
)bing occurs with more or less violence, accompanied with 
ling of oppression in that region, and with difficulty of 
hing; and this being followed shortly by a sensation of 
ess, sickness, or dizziness, he had to fall out of the ranks. 

d treatment in the hospital for a time may keep the 
pitation within certain limits, but should these means 
+ unsuccessful the patient must be invalided, although 
„the disease is only purely functional.” 


committee appointed by the government to in- 
gate the subject of heart disease in the Army (1864) 
‚10 


special heart disease from which young soldiers suffer 
e are informed, disease of the valves, but an extreme 
ility of the heart, combined with some but not great, 

ement. During rest a heart of this kind beats easily, but 
үе least exertion its action becomes irregular, and the man 
es breathless. 


ers referred to Dr. Fuller’s work on functional 
gement of the heart in the text “Diseases of the 


e ‚ palpitation itself is often greater than that which ac- 
mpanied disease of the heart... The sounds of the heart 
58. modified by preexisting disease, are simply louder, 
or, and more abrupt than natural; but not unfrequently 
st sound attains a metallic quality at the apex, and may 
ie reduplicated, or the second may be reduplicated at 
ase. This metallic ringing quality of the first sound is 
icteristic of excessive cardiac excitement, and is doubtless 
able to the energy of the muscular contraction, and 
equently increased tension of the auriculoventricular 


oward the end of his extensive essay, Myers quoted 
an from the Army Medical Report of 18671“: 


‘fairly set up I doubt if it (functional derangement of the 
ung soldier's heart) is ever really cured. I have kept young 
under observation for months under the most favorable 
ditions as regards rest, diet and medicine, but, on causing 
to resume their ordinary address and accoutrement, or 
walk quietly about the corridors of the hospital, distressing 
pe immediately returned, making further exertion 


wW rid War I England: Looking back at the 1860 
870 decade: During World I, R. McN Wilson was 
tant to Sir James Mackenzie i in the inquiry con- 
ucted for the Medical Research Committee. They ex- 







ri d tiated.” ” 13. E ees 


‘of the condition was i cou 


ue Having undergone little or 


Wilson’ oni thought 







observations during the | | | 

studies. The following direct quote from Wilson! places | 
the matter in the perspective as seen from World War : 
I England: 


In 1864 the British Government appointed a committee to 
inquire into the heart conditions prevailing in the Army. The 
comittee was assembled by Earl DeGrey, and consisted of 
three generals and two doctors. It sat during the years 1864, 
1865, 1866, 1867 and 1868, and issued four reports. In the last 
the question of infantry accoutrements was considered, and - 
a recommendation was made that the principle of the brace | 
should be adopted. The idea was that the old form of accou- 
trement restricted the heart’s action . . . The recommendation 
of the committee regarding the change of accoutrement was 
later on adopted. 

The American Civil War meanwhile was furnishing a large 
number of cases of “soldier’s heart," and in 1864 Henry Har- 
thorne [sic] published a paper in the American Journal of 
Medical Science which, I venture to say, furnishes an exact 
picture of the condition as Sir James Mackenzie has described 
it today. Dr. Harthorne laid stress on the rapidity of the pulse, 
on the acceleration of the heart's movements on the slightest 
exertion, on the shortness of breath, and on the cardiac mus- 
cular weakness. He suggested that in the soldier the heart was - 
injuriously affected by long-continued over-exertion with 
deficiency of rest and often of nourishment, and he pointed 
out that several months of rest and treatment in hospital failed - 
to do more than improve without really curing a large pro- is 
portion of well-marked cases. RI 

Two causes had thus been suggested so far back. as 2 
1864—tight accoutrements and over-exertion. The tight ac- 
coutrements were done away with, but the irritable heart re- - 
mained. I pass over here the contribution to the subject made : 
by Dr. Arthur Myers, of the Coldstream Guards, in 1870, Бе- 
cause his description is similar to that already given, and be- 
cause he also regarded accoutrements as the exciting cause of 
the trouble. But I must call attention specially to the par 
of DaCosta published in 1871 in the American Journa 
Medical Science. It is the best known contribution to 
subject. DaCosta saw upwards of 300 cases in a hospite 
Philadelphia, and he affords the following striking pictu 

A man, three months or so on active service, was seized wi j 
diarrhoea, annoying yet not severe, soon rejoined, and then 
noticed that he could not bear exertion as well as formerly. 
Out-of-breath and unable to keep up with his comrades; diz- © 
ziness and palpitation; accoutrements oppresses him, yet 
otherwise he seemed well and healthy. Sought advice; was sent 

to hospital, where his persistent quick heart confirmed hi: 
story. Digestive disturbances, if present passed away, but the 
irritable condition of the heart remained, and only very slowl 
did this get normal or it failed to do so. $ 

DaCosta then proceeded to paint the same picture as tha 
which has been shown today by Sir James Mackenzie... 

In 1876 a new phase of the subject was presented when the 
change in form of accoutrement having failed signally to effect. - 
any improvement, Surgeon Arthur Davy suggested that what 
he called “setting up" drill was the cause. His theory was in- 
genious. Setting up drill, he said, by over expanding the chest, 
caused dilatation of the heart and so induced irritability. This’. 
view found support in 1880 from Brigade-Surgeon Veale, and . 
again in 1896 from Surgeon Captain J.B. Wilson, but the- 
discontinuance of setting up drill does not seem to have put. 
an end to the condition. On the contrary, I have met it in cases - 
in which this cause could be ab; jh ccluded, 







































been asked to view it from the bacte- 
0 and more recently still as a condition 
depending upon faulty action or excessive action of the thyroid 
gland. I am not in a position to discuss these views, but it is 
interesting to note in this latter connexion that I have ob- 
served that in some eighteen of my cases the thyroid gland was 
definitely enlarged, and that administration of thyroid extract 
seemed to exacerbate the symptoms. The application of x- -rays 
to the thyroid gland is said to have effected improvement in 
some cases. Let me say, however, that I have seen cases pre- 
senting very much the same clinical picture in which the ad- 
ministration of x-rays did not help matters at all. 

In view of the dangers which have attended the making of 
theories to explain this disease in the past, I am strongly of 
opinion that we must reserve an open mind. There would 
appear to be but one sound method in regard to the condi- 
tion—the method of prolonged observations and continuous 
. Study. 







































































The military and functional heart disease: During 
the 1860 to 1870 decade, military physicians were 
gradually establishing criteria for fitness for duty and 
bases for classifying persons into “fit-unfit” categories. 
` "This process required the establishment of physical 

diagnostic criteria for the “normal” vs the “abnormal” 
physical examination. Definition of normal standards 
for physical examination, medical examination of re- 
€ruits before military service, the classification of pre- 
cordial murmurs based on the conventional wisdom 
‘were important developments from this exerience. 
__ “Functional heart disease" was described initially by 
exclusion of the known cardiac diseases of the time, e.g., 
aneurysmal, valvular or pericardial disease, which were 
well defined clinical entities with established pathologic 
correlates. 'The next step was descriptive. Irritable heart 
‘was associated with: a well-defined symptom complex 
of fatigue, chest pain, palpitations and dyspnea; a 
paucity of the physical findings usually associated with 
organic disease although a metallic ringing quality of 
he first sound at the apex and reduplications of the first 
rt sound were described; and the inability to perform 
manding or sustained physical tasks under duress or 





- During the Civil War the U.S. Army developed the 

pecialty hospital approach. À large, heterogeneous 
group of soldiers with functional heart disease were sent 
'to the Turner's Lane Hospital, where they are evaluated 
‘by one physician, Jacob M. DaCosta. DaCosta's careful 
clinical description of irritable heart was accompanied 
‘by follow-up studies. Based on his clinical studies and 
follow-up evaluation, DaCosta realized that the outcome 
‘varied; some men returned to normal function, others 
experienced persistent disability, whereas a third group 
- had worsening of the clinical situation with progression 
` to cardiac hypertrophy. DaCosta embodied the state of 
- the art physical diagnostic knowledge of his time, and 
. was a superb diagnostician. Although the group at 
Turner's Lane Hospital was heterogeneous, it should 
` be emphasized that DaCosta was dealing primarily with 
young men with cardiac symptoms and disability on this 
jasis. DaCosta's observations were widely disseminated 
hroughout the Philadelphia and the U.S. medical 


e bankrupt; the disease remains. __ 
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was translated into German, Russian anc 
became conversant with the irritable hea 
during his sojurn in Philadelphia, developer 
further during the next 30 years, and was a k 
in the World War I “Heart Hospital” | 
England.“ 

The British, with empire-wide sitas ac 
funneled invalided soldiers through a central 
at Netley, where physicians interested in hear 
in soldiers produced a system of analysis and 
cation. The magnitude of the problem was $ 
governmental inquiry and commissions were 
lished, with the result that widespread changes 
form, pack and drill were mandated. : 

The U.S. and British military medical activitie 
1860s to 1870s served as a background for the le 
military medical experiences in Great Britai 
World War I, when soldiers heart and effort sy: 
terminology replaced DaCosta's syndrome, 
specialty Heart Hospital concept was extend 
further developed at Hampstead and Cole! 
England, and at U.S. Army Hospital No. 9 at L 
New Jersey. 

In 1869, George Beard!? presented the t 
rasthenia or nervous exhaustion to the medic 
munity and international use of the term f 
rapidly. Thus, many of the concepts embodie 
terminology of neurasthenia, irritable hea 
“functional” heart disorders had origins in tl 
to 1870 decade, and would be eventually blend 
the rationale for the terminology of “neurocire 
asthenia.” 

As knowledge and technology progressed, th 
way from neurocirculatory asthenia would even 
lead to anxiety neurosis of World War II, systo 
and late systolic murmur syndrome of the 1960s 
mitral valve prolapse syndrome, panic disord 
autonomic dysfunction states of the 1970s and. 
Wilson's 1916 conclusion was prophetic": “The 
appear to be but one sound method in regar¢ 
condition—the method of prolonged observat 
continuous study.” 
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estive heart failure (CHF) is a major and growing 
с health problem both in terms of its magnitude 
ts poor prognosis. Approximately 2 million 
cans suffer from CHF.* Moreover, because the 
ence of CHF increases with age,} improvement 
average life expectancy would be expected to in- 
е the magnitude of the problem over the next 
| decades. Further, although advances in the 
al treatment of systemic hypertension and myo- 
‘infarction and the surgical treatment of con- 
and valvular heart disease and multivessel 
ary artery disease can prolong survival, CHF ulti- 
y develops in many patients in later life. The 
r of hospitalizations partly or wholly due to CHF 
doubled i in the 1970s: from 570,000 in 1970 to 1 
уп in 1979.1 Approximately 400,000 new cases of 
* are diagnosed every year in the U.S. The mor- 
rate among patients with CHF is reported to be 
10% per year.? These mortality rates are, not 
isingly, even higher among patients who have more 
grades of CHF or who are unresponsive to the 
egimen of digitalis and diuretic drugs; the mor- 
“ates in these persons approach 40 to 50% at 1 
Despite considerable advances in understanding 
athophysiology of CHF, deriving and measuring 
us indices of left ventricular performance, surgi- 
anaging heart failure secondary to valvular dis- 
and ameliorating symptoms and improving ven- 
ar function by drug therapy in the short term, 
pointingly little is known about the impact of any 
ment or preventive measurement on survival.*? 
this context, it is important to note that although 
'etics and digitalis have long been the mainstay of 
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Extrapolation to the U.S. population for 1982 from prevalence rates 

imated in Gibson et al.’ 

t Unpublished data from the Hospital Discharge Survey 1982, Na- 
| Center for Health Statistics. 
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Effect of Vasodilators on Survival in Chronic 
Congestive Heart Failure 


CURT D. FURBERG, MD, and SALIM YUSUF, DPhil, MRCP 


treatment, these agents have never been evaluated in - 
large, prospective, randomized, controlled trials. (There . 
have recently been a few small trials.97) This may be - 
partly due to the conviction on the part of most physi- . 
cians that these agents are effective (and they are for - 
symptomatic relief in some patients) and, therefore, 
evaluating them in a randomized trial is unnecessary - 
and withholding these drugs would be unethical. It is - 
perhaps a curious twist of fate that the efficacy and . 
safety of digitalis are under a cloud, for some invest 
gators now suggest that digitalis is not effective during | 
prolonged use in patients with sinus rhythm; others? - 
suggest that it may even increase the mortality : rate 1 
patients with coronary artery disease. However, this 
not been confirmed by other similar studies,’ and until 
a truly adequate sized, randomized, controlled study. is 
done, the safety or value of digitalis in such patients will 
remain open to question. 
















The Promise Offered by Vasodilator sud | 
















elevated peripheral vascular resistance, which maintain: 
adequate arterial pressure but can simultaneously de- ; 
press ventricular performance, has led to the intr 
duction of vasodilator therapy. Over the last few years 
vasodilators have emerged as an important component 
in the treatment of patients with heart failure, and some 
reviewers have suggested that this group of drugs: 
particularly promising.?!? A wide spectrum of drugs 
available: direct-acting vasodilators including nitrates, | 
hydralazine and minoxidil; neurohumoral antagonists E 
including prazosin and angiotensin converting enzyme 

inhibitors; calcium-channel blockers including nifedi- 
pine and diltiazem; and newer inotropic agents that 
have some vasodilator activity, (8; agonists such as 
prenalterol and pirbuterol and G2 agonists such as . 
salbutamol); and noncatecholamine, nonglycoside ' 
inotropic agents with vasodilator actions including - 
amrinone and milrinone. With most of these agents, - 
short-term hemodynamic measurements show im- 
provement, as do the clinical signs or symptoms of heart. 
failure. However, for some drugs there have been con- 
tradictory reports of efficacy in the long- term and poor | 
correlation between symptomatic improveme tand 













| Allocated 
Study Treatment 


Allocated _ Ratio of ^. 
Control ` Percentages” 


TUTTI ITem mn i a T e i ————— P چ‎ 


Alpha-adrenergic blockers 
Prazosin 
; Colucci!! 0/10 
Markham? 2/11 
` Higginbotham"? 2/11 
` Reifart!4 6/12 
`` Data from 2 unpublished trials provided by 4/15 
Pfizer 
Trimazosin 
Aronow !5 1/8 
Weber !9 0/10 
. Subtotal 15/77 (19%) 


. Isosorbide dinitrate 

Franciosa”” 1/16 

: Leier’? 4/18 

+ Subtotal 5/34 (1596) 


-Hydralazine 
Franciosa'® 0/16 
9/32 
9/48 (19%) 


2/9 


Angiotensin converting enzyme inhibitors 
. Captopri 
. Captopril Multicenter Research Group?? and 1/54 
К unpublished data 
:Cleland?? 0/7 
E nene (unpublished) 2/10 
naiapr 
“Multicenter study by Merck, Sharp & Dohme 7/193 
К паз Sharpe)*> 
10/264 (4%) 


atl fr all vasodilators 41/432 (9%) 


2/12 
4/12 
3/11 
3/13 
2/17 


0/8 
0/13 
14/86 (16%) 


1/16 
1/21 
2/37 (596) 


2/16 
8/30 
10/46 (22%) 


0/8 


7152 


1/8 
3/10 


11/195 


22/265 (8%) 
48/442 (1176) 


Too much emphasis should not be placed on the ratio percentages for each class of agents because these are based on very few 


effi icacy during prolonged treatment is due to “drug 
olerance" or to the natural and spontaneous deterio- 
ation of ventricular function is unresolved.510!1 A 
‘urther question not directly addressed by any of the 
lished studies is whether these agents can improve 
g-term survival. The reported randomized, pla- 
o-controlled trials have been designed mainly to 

ly the effects of the vasodilators on hemodynamic 
points. Although these studies have also reported 
mortality rate data, none was large enough to reliably 
letermine the effect on survival. In such a situation, 
more information can be obtained by systematically 
abulating the mortality data from all available ran- 
lomized trials. However, while doing this, it is impor- 
ant to obtain as complete a review of published and 
inpublished trials as possible in order to minimize the 
ybvious biases associated with publication. Toward this 
епа, our search for trials included using a Medline 
‘computer to search for all publications in English, 
checking the references from all available original and 
eview publications of vasodilator treatment in CHF, 
canning the abstracts of proceedings from recent na- 
ional and international meetings, corresponding in- 
ormally with numerous colleagues active in this field 
d formally with the investigators of most trials as well 
ith relevant pharmaceutical companies. As a result, 


unpublished studies) of vasodilators without ino 
effects. About 870 patients were involved. The morta! 
data by treatment group and duration of treatme 
presented in Table I. The average trial enrollec 
about 50 patients, and the largest study was of 38i 
tients. The follow-up varied from 6 to 52 week 
most trials included patients who were in New 
Heart Association functional classes П to IV. _. 
Several important conclusions can be drawn. f 
available data. First, the mortality rate in the c 
groups of these studies has been around 15% o 
average follow-up of only about 12 to 15 weeks 
therefore, confirms the poor prognosis in this ра 
population. Second, no study on its own reveal 
significant reduction i in mortality; all were far too.sn 
to detect even large risk reductions (e.g., 50 or 60% 
alone medically realistic and biologically plausible 
reductions of perhaps 20 to 30%. Third, the durati 
these studies has been too short to be truly us 
assessing long-term responses to vasodilator th« 
Only 1 study, which evaluated hydralazine, lasted lon. 
than 6 months. Thus, we really do not even knows 
the hemodynamic effects of the other agents are 
to be at 1 or 2 years, let alone the mor bidity and 
tality rates. Part of the reason that no agent has 
shown to reduce the mortality rate шау һе thai 
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not organized „a suffi icie 








y agent, although : any differences should be 
eted with extreme caution. 
all, there appears to be only a small and statis- 
onsignificant difference in mortality rates. The 
om the trials of a-adrenergic blocking drugs, 
bide dinitrate, hydralazine and minoxidil are not 
incouraging when viewed separately. However, the 
ined mortality rate data from the trials of the an- 
isin converting enzyme inhibitors (4% treated 
red with 8% among the control subjects), appear 
ing and give us hope that pharmacologic treat- 
of patients with CHF may alter prognosis. On the 
hand, there is the danger of reading too much into 
published data; any trial that was not published 
se of its unfavorable results and is unknown to us 
diminish these apparently favorable trends. 
over, the promising results of the angiotensin 
rting enzyme inhibitors have been highlighted 
ind above other vasodilators after perusing the 
i.e., post-hoc and data derived), and it is possible 
he true effects of the angiotensin converting en- 
inhibitors when evaluated in an adequately sized 
may turn out to be more modest, although still 
hwhile. These currently available results should 
provide us with a hypothesis that angiotensin 
rting enzyme inhibitors may reduce mortality, and 
iust be tested in future studies. In this context, it 
е noteworthy that the angiotensin converting 
ie inhibitors, unlike the many other direct-acting 
dilators, counteract one of the chief underlying 
humoral mechanisms that mediate vasocon- 
on and may be theoretically more advantageous. 
he rationale for large randomized studies to evaluate 
| effect of treatment on mortality rates has been 
issed earlier. A few important points are probably 
h highlighting here: first, 2 types of trials could be 
emplated—a "prevention" trial for those with 
rate left ventricular dysfunction but without 
est CHF and a "treatment" trial for those with 
ifest CHF. This approach would enable us to eval- 
'hether both early and late intervention can be 
cial. Second, despite the large benefit suggested 
he pooled data on angiotensin converting enzyme 
jitors, it would be prudent to expect only a mod- 
: effect on mortality (e.g., 15, 20 or 25% risk reduc- 
. This expectation of a moderate benefit on survival 
been borne out by the experience with most other 
ments of cardiovascular diseases.’ Although the 
t of a 10 or 20% reduction in the mortality rate 
not be readily discernible to a clinician in his usual 
ctice, it would be a substantial achievement in public 
Ith terms and could prolong the lives of several tens 
-housands of people annually in the U.S. Third, it 
d be important to moderate our expectation of the 
lity rate in the control group because many 
isk symptomatic patients are likely to be elec- 
treated and not entered into any such trial. Fur- 
al mortality rate Observed i in n most multi- 




















servational studies. ог some imes even iom сй trials 
(Yusuf and Friedman, unpublished observations). All: 
these considerations suggest that about 4,000 patients’ 
with an ejection fraction below 0.35 would be required. - 
for a 2-armed prevention trial and about half this 
number for a treatment trial. 

Because angiotensin converting enzyme inhibitors | 
have recently been advocated for use in patients with- 
CHF, it is urgent that the effect of these agents on sur- 
vival be evaluated in an adequately sized, randomized, 
controlled trial while it is still considered “ethical.” 
Organizing and performing such a study are major 
challenges, but the results could have an important 
impact on the treatment of patients with CHF. 

In summary, the mortality rate after CHF develops 
is substantial. We reviewed data from 17 randomized 
trials of vasodilator treatment, which included a total 
of about 870 patients, in order to assess the effect on . 
mortality rate. Although no single trial of any agent — 
showed a statistically significant reduction in mortality | 
rate, the combined data from all 4 trials of angiotensin. . 
converting enzyme inhibitors appear very promising. |. 
These results suggest that it is timely and appropriate. 
to conduct large prospective trials to determine whether | 
these agents prolong life. PT 
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ncorrect use of names, definitions and abbreviations 
ап everyday problem in clinical medicine. Cardiolo- 
ists are among the most enthusiastic users of abbre- 
iations in everyday language. We repeatedly use the 
term "ventricular premature beat" in our publications. 
recently, the Editor-in-Chief of this Journal questioned 
he correctness of this term. “To beat or not to beat? 
e asked us. He suggested to change ventricular pre- 
mature beat (VPB) into ventricular premature complex 
(VPC). A bit of thinking... 
- How far should the heart contract to result in a 
beat"? During programmed electrical stimulation 
tudies we observe that very early ventricular electrical 
ctivation does not result in an appreciable change in 
rtic pressure. However, if left ventricular pressures 
е recorded, there is an increase in left ventricular 
pressure, but not enough to open the aortic valve. 
;chocardiography also shows that a change in wall 
Yotion takes place during these premature ventricular 
electrical activities ineffective to open the aortic Meus 
A mechanical contraction of the heart, a “beat,” 
therefore still present (Fig. 1). However, if a heart Nei 
< 18 defined as a mechanical contraction resulting in an 
-v increase in aortic pressure, these electrical activities do 
not result in a “beat.” It is therefore better to differen- 
tiate between a circulatory beat (with opening of the. 
aortic valve and a rise in aortic pressure) and heart beat 
(a cardiac contraction without opening of the aortic 
alve and no rise in aortic pressure). Differentiation 
etween beats into effective or ineffective to open the 
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leads, aortic (Ao) (А) and left ventricular (LV) (B) pressure. A ventric 
premature electrical stimulus i is given during sinus E after 34 










нш We do not ide about the atrial 
Лех. It is not used in cardiology for any other 
non recorded by invasive or noninvasive 
(where the term "wave" is generally preferred). 
sible to i imagine electrical activity in the heart 
oes not result in an identifiable complex in the 
electrocardiogram? 
usly yes. Atrioventricular nodal activity, His 
(tentials and activation of the Purkinje system 
ecorded with the standard electrocardiographic 
ues. The recent studies on mapping of ventric- 
hycardia and the averaging techniques clearly 
at not all electrical activity during the ar- 
imia 1s translated to the surfrace electrocardio- 
Whether a ventricular premature stimulus can 
in depolarization of only a small mass of tissue 
t a QRS complex in the surface ECG (the pre- 
' stimulus will be considered refractory) has never 
initely demonstrated, but it may be possible. 
ese considerations in mind, therefore, a com- 
me for the result produced by premature elec- 
timuli given during electrophysiologic investi- 
‘would be: “Ventricular premature electrical 
resulting in a QRS complex in the surface elec- 































in a “heart beat. Thus, ие! all heart beats have to be 
followed by a “circulatory beat." Obviously, these are 
impossible terms for everyday language. Ventricular | 
premature depolarization (VPD) and ventricular pre- 
mature complex (VPC) approach better the electrical _ 
phenomenon that we refer to than ventricular prema- — 
ture beat (VPB). The Editor was right. Because not all 
ventricular premature electrical activity complexes have | 
necessarily to result in a ventricular premature beat — 
(circulatory or cardiac) the term VPB should not be - 
used. Although for the QRS complex the term VPC 
appears to be acceptable to promote uniformity between ` 
nomenclature of atrial and ventricular events, the term — 
VPD (ventricular premature depolarization) is pre- ` 
ferred because this also allows the use of APD (atrial _ 
premature depolarization). We changed our abbrevia-. . 
tions in that article.? Changing VPD for VPC in every- : 
day language will probably take a little longer! 
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The AJC in April 1960 


WILLIAM C. ROBERTS, MD 


‘The April 1960 issue of the AJC contained 22 arti- 
cles, which occupied 133 pages. I will comment on 4 
articles. 
.. Scherf,! from New York City, in an editorial discussed 
lectrocardiographic exercise testing, its usefulness for 
diagnosis and for predicting prognosis in patients with 
-coronary heart disease. According to Scherf, the first 
.electrocardiogram (ECG) after exercise was taken by 
Einthoven who, in 1908, had his elderly laboratory 
orter climb a flight of stairs. The ECG recorded im- 
mediately thereafter disclosed disappearance of the 
iegative T waves in lead IH. In 1909, Nicolai and 
simons described increased height of the Т wave after 
xercise in normal subjects, and they were the first to 
lescribe ECG changes after exercise in a patient with 
angina pectoris. (Their ECG laboratory could only be 
reached after climbing a flight of stairs.) Physical ex- 
-ercise to provoke angina was used for the first time in 
31 by Wood and associates, but these investigators 
d not recommend recording an ECG after exercise as 
‘a diagnostic procedure because “of the dangers in- 
olved." Goldhammer and Scherf, in 1932, were the first 
{о recommend use of the ECG after exercise for diag- 
nosing coronary heart disease. 

. Considerable change has occurred in performance, 
terpretation, and usefulness of exercise tests since 
arch 1960. Scherf recommended in 1932 and again in 
60 that “ ... the patient be asked to perform only the 

imount of work which he performs daily and which 

ccasionally or regularly leads to pain . . . it is not per- 
missible to ask the patient to exert himself until pain 
develops ... as untoward accidents may occur." Not 
until 1942 did Master and associates recommend an 
.exercise test standardized according to sex, weight and 
age. Scherf was unconvinced that graded exercise work 
based on changes in heart rate and blood pressure were 
useful. Abnormal tests were based on 2 ECG changes: 
depression (71.5 mm) of the ST segment and T-wave 
inversion. The percent of positive tests among patients 
with angina, of course, varies with the amount of exer- 
cise performed and the ECG criteria used. In 40 patients 
with angina studied by Scherf, 80% had positive ECG 

hanges with exercise; the changes were positive in 95% 

{ the patients in whom angina developed with exercise 
esting. Scherf considered the exercise test useless in 

i Hieting Prognosis і in patients with coronary heart 

: / | t variance with that today, Scherf 


ce of an exercise test (во B 


in patients with typical angina, but in patients 

. . the pain is atypical or in whom it is neces 
confirm the diagnosis, e.g., for insurance purpc 
Only rarely will one encounter a patient who пе 
anginal pain on exertion in whom the exercise 
positive." 'This editorial by a pioneer in the fie c 
considerable historic interest. E 

Thomas and associates,“ from Nashville, ex: 
T-wave and ST-segment changes in precord 
in 320 healthy black medical and nursing stu 
aged 20 to 40 years (mean 26). Only 3 of the 320 $ 
(1%) had inverted T waves in У} з (“juvenile” рг 
and 2 were among the 43 women. Of the 277 1 
(10%) had tall, peaked Т waves, the tallest bein 
Elevation of the ST segments 22 mm in 22 lez 
present in 89 of the 277 men (27%), but in only 
43 women (2%). The cause and significance of th 
observations in young healthy black subjects. 
undetermined. | 

Shaftel and associates,? from Spring Valle: 
York, described electrocardiographic changes pro 
by the Valsalva maneuver in 209 healthy subjects 

13 to 70 years (mean 48). The Valsalva maneuve 
performed by having each subject maintain an exp 
tory pressure >40 mm Hg for 10 to 12 second: 
blowing into a sphygomomanometer. Continuous 
strips (lead П) were taken, including the pres 
strain and poststrain periods. Of the 209 subjee 
(28%) had 1 or more ECG changes in response t 
Valsalva maneuver: lowering of the T wave (to les: 
half the control height) = 15%; T-wave inversio? 
S'T-segment depression = 4%; and some rhythm 
turbance, mainly ventricular premature complex 
596. 'The significance of and the cause of these 
findings remain uncertain. 

Dimond and associates,* from Kansas City, Kan 
compared internal-mammary-artery ligation to a. 
operation for angina pectoris in 18 patients. Pre 
atively, each patient had classic angina pectoris; a 
had an abnormal ECG either at rest or on exerci: 
18 were exercised to the point of angina under o 
vation, and all 18 patients were operated on undet 
anesthesia. '"The surgeon, by random sampling, se 
those in whom bilateral internal mammary art« 
vein ligation (second interspace) was to be carr 
and those in whom a sham procedure was. to 
formed. The sham procedur ofa 


incision with expos 





puppe 
FUR 
AC 
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lieved or had a pir dui: met for bici 
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« A frequent finding on electrocardiograms are 1 ог more 
. abnormal QRS-T complexes in the same lead. The ab- 
normal complexes have greater heights, greater widths, 
. less straight sides, and broader peaks than their normal 
^ counterparts; they are not preceded by a P wave, and the 
.. direction of ће T wave is usually opposite that of the QRS. 
- Additionally, the abnormal QRS-T complex usually occurs 
- earlier than would the normal complex and the interval 
- between the preceding normal QRS complex is the same 
-when more than 1 abnormal but similar QRS complex 
s recorded in the same electrocardiogram. 
Despite the frequent occurrence of these bizarre QRS-T 
complexes, there appears to be little agreement as to the 
best name to call them.’ As pointed out by Schamroth,? 
he first term used to describe them was extrasystole, a 
мога coined by Engelmann in 1896 and continued by such 
authorities as Pan, MacKenzie, Rihl, Wenckeback and 
wis. Other terms followed, some consisting of 2 words 
Such as ectopic beat or contraction and premature beat 
г or contraction. Most terms, however, consisted of 3 words, 
2 of which were ventricular and premature, with most 
. authorities placing the word premature before ventricular. 
ле choice of the third word in this triumvirate has varied 
and has included beat, contraction, complex, deflection, 
mpuise, activation, discharge and depolarization. 
> Schamroth? argued for the term ventricular extrasystole 
3 on the basis of 4 factors: (1) Historic precedent. (2) Use of 
-the word beat or contraction is improper. (3) ‘Ventricular 
- premature contractions” have at least 6 causes, only 1 of 
which is a ventricular extrasystole. (An ectopic and pre- 
mature ventricular electrical impulse with fixed coupling 
-of the preceding event. He used the term “ectopic ven- 
tricular beats” for ventricular ectopic activity not fulfilling 
this definition.) (4) Economy of language. ‘Ventricular 
extrasystole” consists of only 2 words, whereas “рге- 
mature ventricular contraction," 3 words. But Schamroth 
апа many others before him have pointed out that the word 
-extrasystole is incorrect because the abnormal QRS 
'omplex i is only rarely a true extra or additional systole; 
merely comes Ei and replaces the normal systole. 





| Still Prefer Ventricular Premature Complex 


r, г, that “The prefix extra in the 7 
es es not me mean n addition, but rather T 





© 2 use of further descriptive wor 





outside the normal, as in extracurricular or extraor 
Julian? counters this argument: “But surely if thes 
mean ‘outside the curriculum’ or ‘outside the o 
extrasystole must mean ‘outside systole’? (?diz 
Nikolic* also argues that Schamroth’s definitio 
trasystole" to always involve “fixed coupling t 
chanical ‘preceding beat’ in the belief that 'с 
ventricular activation resulting in a beat is nec 
precipitate or force the ensuing extrasystole’. 
always true, since extrasystoles are observ 
electromechanical dissociation . . . [and] since 
re-entry does not necessarily require any m 
events. The fixity of coupling, itself, need not be 
to extrasystoles, since it may occur with the. i 
euphonious parasystoles.” E 
Both Schamroth? and Julian? oppose use of 
"contraction" as in "premature atrial or ventri 
traction" because it describes the mechanic 
quences only, which do not always occur. In thi 
elsewhere in this issue, Brugada and Wellens 
elegant reasons why the term beat or contractic 
proper to describe "ventricular premature electrica 
resulting in a QRS complex in the surface electr« 
gram." These authors recommend ventricular pri 
depolarization as the most reasonable descriptive ter 
But depolarization is an electrophysiologic phenom 
it is a process of neutralizing polarity and the pr 
cannot be seen; the abnormal QRS complex, howe 
visible. (It is similar to the use of the word calcifi 
which is the process of calcifying. The conseque! 
calcification is calcific deposits, which are visible, | 
process itself is not visible.) : 
Despite these objections as delineated by Brugada 
Wellens, Julian, nevertheless, favors the use of t 
“beat” as one of the descriptive terms: І 






































































Beat is commonly used to describe both the electrical phenon 
and its mechanical consequences and has the advantage of simp 
and brevity. It has been objected that ‘beat’ implies mechanical ac 
but like ‘rhythm’ itself, it is used as a mechanical analogy 
necessarily having such an implication. The term ‘beat’ is ge 
understood and extensively used by йу ны Ды authorit 
different nationalities . » The wor ; 








complex" is the proper term, not why it is not. 
also argues for use of the word “complex”: 


"It is 
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tricular ectopic Minden Its proper abbreviation iube 
is VPC, not PVC. And another minor deficiency of the term 

‘ventricular extrasystole” is that its abbreviation, VE, тау 
get confused with “ventricular ectopy,” which, as pointed 
out by Spodick,’ is one of our worst cardiologic terms. 
because it means “misplaced ventricle” and has nothing 
to do with arrhythmia. 


William C. Roberts, MD. 
Editor in Chief 
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SCIENTIFIC DATA—REPRODUCTION 
JF ORIGINAL WORK: THOUGHTS 
FOR ACADEMICS AND OTHER 
SCRIVENERS 


| small, but often galling nuisance for those 
vho publish books, reviews and teaching 
material is the inability to freely re-use one's 
original illustrations from published inves- 
igations and clinical reports. Although some 
publishers want to know the precise details 
of where the material will appear, permission 
‘is nearly always granted. Yet, ideally, the 
ights to original illustrations and tables 
should belong to those who do the work, 

and it can be annoying to continually solicit 
permissions from journal editors and 
yublishers. 

` Recently, specific assignments of copyright 
or every manuscript accepted—including 
ven letters to the editor—is routinely ob- 

ined by editorial offices through a form for 
authors to sign. That would seem to offer 
leal opportunity to simplify the question 
ture access to the fruits of one’s own ef- 
ts. I propose that—subject to citation of 
e original source— publishers exchange for 
hat transfer of copyright their blanket per- 
mission for reproduction of illustrations and 
oe 

































David H. Spodick, MD 
Worcester, Massachusetts 
31 December 1984 


ALL THAT STICKS IS NOT 
A BAND-AID 
Board novel drug delivery systems of topical 


nitroglycerin, designed to deliver a constant 
е over a 24-hour period, have о 





















нА Nitro-Dur® 10 cm? Rey Pharmaceuti- 
cals), for angina pectoris, with good relief. 
One day the patient injured her lower leg. 
` This resulted in a small superficial laceration. 
г Because she had no bandages available and 
_ the Nitro-Dur patch seemed appropriately 
“shaped with a convenient surrounding ad- 
` hesive strip, she applied it to her injured leg. 
~: "This rapidly resulted in a headache, dizziness 
. and weakness. On arrival in the emergency 
тоот, the patient was neither hypotensive 
. nor orthostatic. However, her symptoms re- 
. solved rapidly when the Nitro-Dur patch was 
replaced with a тоге conventional 
> dressing. 
` This patient was fortunate that her lacer- 
-ation was minor. Probably only a small 























4 Letters (from the United States) concerning a 
| particular article in the Journal must be received 
-within 2 months of the article's publication, and 
ould Бе limited with rare exceptions) to 2 dou- 










amount of nitroglycerin was absorbed from 
the patch into the bloodstream, causing these 
symptoms. If the wound had been larger, the 
patient could have experienced a greater 
degree of vasodilation and subsequent hy- 
potension that occurs with the large systemic 
levels of nitroglycerin. A change in the char- 
acter of the stratum corneum can influence 
the degree of nitroglycerin absorbed from 
topical preparations. Nitro-Dur has a matrix 
construction in which nitroglycerin diffusion 
is dependent on the stratum corneum as the 
absorption-rate-controlling step. It is 
worthwhile to question whether a product 
that incorporates a semipermeable mem- 
brane to control the release rate of nitro- 
glycerin could reduce such exaggerated ef- 
fects. Nevertheless, this case emphasizes the 
importance of explaining the use of these new 
medications to patients, as they can easily 
become confused about the use of this new 
therapeutic modality. 
George Weiner, MD 
Jules Schwariz, PharmD 
Toledo, Ohio 
18 September 1984 


OCCLUSION OF BJORK-SHILEY 

AORTIC VALVE PROSTHESIS BY 

HYPERTROPHIED VENTRICULAR 
SEPTUM 


The report by Ross and Roberts (Am J Car- 
diol 1984;54:231-233) documents interference 
of function of the St. Jude Medical aortic 
valve prosthesis by hypertrophied ventricular 
septum. Such a phenomenon is not unique to 
this particular mechanical valve as a recent 
case illustrates. 

A 70-year-old man had a history of severe 
systemic hypertension and anterior aortic 
dissection 13 years previously that was re- 
paired primarily. One year later, aortic 
regurgitation necessitated aortic valve re- 
placement, accomplished with a 25-cm 
Bjérk-Shiley prosthesis. He was subsequently 
followed up for progressive aneurysmal di- 
latation and pronounced rightward deviation 
of the ascending aorta; this segment was not 
involved in the current event. 

He presented on this admission with acute 
posterior aortic dissection that did not re- 
spond to medical therapy. The dissection was 
repaired uneventfully through a posterolat- 
eral incision with graft interposition using 
femoral vein-femoral artery bypass. Wound 
closure was delayed by diffuse chest wall 
hemorrhage accounted for by preoperative 
anticoagulation with platelet inhibition, a 
regimen necessitated by intolerance to war- 
farin. He was nevertheless kept stable with 
steady colloidal volume replacement when 
sudden hypotension occurred. Prompt re- 
covery resulted from intravenous phenyl- 
ephrine and rapid volume infusion from the 





analysis Provides: exac teval sation 
<: pump oxygenator. Precipitous, irreversible- SOM 
` hypotension recurred 7 a few minutes s later. He 


was totally refractory to addi 
CaCl, dopamine, and open m 
left side of the heart. 

Autopsy revealed the cause 
fixation of the aortic prosthes 
position. The lesser orifice of 
been oriented to the commiss 
right and noncoronary sinuses, i 
orifice side of the disc was held fir 
the underlying bulge of an extr 
hypertrophied ventricular sep 
combination of hypovolemia ani 
cardiac inotropy undoubtedly h: 
uted dynamically to this acute m 
event. 

Olin et al! recently showed tha 
hydraulic performance of the Björ 
aortic valve is achieved with опе 
the greater orifice toward the not 
sinus, opposite and posterior to tha 
our patient, and additionally, pr 
the complication we encountered 
Roberts properly caution about à 
orientation of the St. Jude Me 
valve prosthesis. This warning anc 
tomic reason behind it should not | 
as prosthesis-specific. i 























































1. Olin CL, Bomfim V, Halvazulis V, Holmgren 
BJ. Optimal insertion technique for the Bjork- nik 
in the narrow aortic ostium. Ann Thorac. $ 
36:567-576. 














RECORDING AND ANALYSIS 
CIRCADIAN BLOOD PRESSU 
PATTERNS 


We read the article by Weber et al! on 
dian blood pressure (BP) patterns ir 
latory normal subjects. Some basi 
rhythmic BP changes? was not refe 
them. Halberg et al performed and co 
self-measurements and automated re 
of 24-hour, 48-hour and 7-day loi 
They also studied reproducibility. aft 
year.? The difficulties by Weber et 
produce circadian BP patterns mig 
partly explained by circannual var 
since there were rather long intervals: 
8 weeks between recordings. We w 
whether the series with the longest int 
show the poorest reproducibility. _ 
Weber et al proposed to define major 
of BP abnormalities. This has been do 
the basis of chronobiologic analysis.* ! 
and amplitude hypertension have bee 
fined.5 With their careful documenta’ 
24-hour BP variations in a larger num 
subjects, the study by Weber et al is v 
and important. However, use of “ 
analysis," first introduced by Halber, 
might improve accuracy of analysis. 
producibility of the reported data. 


























































funich, Federal Republic с of Germany 


20 September 1984 


MA, Drayer JIM, Nakamura DK, Wyle FA. The 
lood pressure pattern in ambulatory normal 
Am J Cardiol 1984:54:115- 119. 
‚ Quo vadis basis and clinical chronobiology: 
for health maintenance. Am J Anat 1983; 
194, 
$, Sothern RD, Brunning RD, Goetz FC, 
‘Circadian rhythms in blood and seif-measured 
of ten children, 9-14 years of age. Proc ХШ 
nf. ISC. Halberg F, Scheving LE, Powell EW, 
DK, eds. I! Ponte, Milan, 1981:373-385. 
Е, Caradente Е, Cornelissen G, Katinas GS. 
f chronobiology 1977;4:suppl 1:130- 132. 
Е, Barnes B, Tuna N. Amplitude (A} and mesor 
pertension gauged by tensopies on and off a 
stive (J-blocking drug. Minn Acad Sci 1983; 


.F, Tong YL, Johnson EA. Circadian system 
wan aspect of temporal morphology: procedures 
ustrative examples. in: v Mayersbach H, ed. The 

Aspect of Biorhythms. Berlin: Springer, 1967: 


& AL, Arbogast B. The influence of timeshift on 
an rhythm of sensitivity to x-irradiation in mice. 
jiologia 1983; 10:127 - 128. 
Halberg F, Cornelissen G. Cortisol marker 
etry in pediatrics and clinical pharmacology. 
Chronopharm. іп: Reinberg A, Smolensky M, 
ue G, eds. Oxford: Pergamon Press, 1984. 


': Gerbes et al make the interesting 
at the rhythmicity of the BP pattern 
ns may be best studied during peri- 

hours or even longer rather than the 


tudies that we reported. I agree with 


| prac 
ing such long studies, even with no 
vasive techniques, is limited clinica 


Moreover, an important part of ourintentin — ( 


performing our study was to evaluate the 


reproducibility of the 24-hour BP pattern, 


because this is the likely basis for studies of 
the therapy of systemic hypertension. We 


also agree that the circannual variation in BP- 


patterns might have helped explain the lack 
of reproducibility of BP in some patients, 


although in our relatively small patient 


numbers we did not see a clear difference in 
reproducibility between patients studied 
after shorter or longer time intervals. 

We are well aware of the work of Halberg 
in this area, key parts of which have been 
published under our editorship.! The writers 
of the letter also may be interested to know 
that the data presented in our article (Ref. 1 
above) is currently being analyzed in con- 
junction with Halberg so as to further answer 
some of the questions they raised. 

Michael A. Weber, MD 
Long Beach, California 
13 October 1984 


1. Ambulatory Blood Pressure Monitoring. in: Weber MA, 
Drayer JIM, eds. Darmstadt: Springer Verlag, 1984. 


PREMATURE ATRIAL STIMULATION 

DURING REGULAR ATRIAL PACING: 

A NEW APPROACH TO STUDY OF 
THE SINUS NODE 


In the article by Kirkorian et al, sinoatrial 
conduction time (SACT) was defined as the 


method for: ае indirect sinoatrial 
conduction time described by Narula et al. 
We demonstrated that continuous atrial 
stimulation led to a frequency-dependen 
depression of sinus node automaticity, which 
can be partially attributed to the barorefles 
mechanism.? The subsequent frequenc 
dependent increase of SACT values can : 
compensated for by calculating SACT fro 
the difference between return cycle an 
postreturn cycle lengths. This equatio 
therefore, was justifiably used by Kirko 


et al,! since they performed premature at 


stimulation during continuous atrial ра 
at different ыра. | 


1. Kirkorian G, Touboul P, Atallah G, Moleur P, 
C de. Premature atrial stimulation during regular : 
pacing: a new approach to the study of the sinus node 
Am J Cardiol 1984;54:109— 114. 
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nica di Narula per ii calcolo del tempo di cond 
seno-atriale. G Ital Cardiol 1980;10: 290-300. | 

3. Griebenow В, Hossmann V, Saborowski Е. | lesti 
der sinoatrialen Leitungszeit mit einer modifi 
Methode nach Narula. Z Kardiol 1979;68:643 

. Narula OS, Shanta N, Vasquez M, Towne WD, Linh 

JW. A new method for measurement of sinoatrial con 
duction time. Circulation 1978;58:706-7 14. 
Griebenow В, Hossmann V, Saborowsk! Е. De 
nation of the sinoatrial conduction time by a mac 
continuous atrial pacing technique. In: Feruglio t 
Cardiac Pacing. Padua: Piccin Medical вол. я 
65--68. x 





dfit's not ther new 16th edition of 
MODERN DRUG ENCYCLOPEDIA, 
you can't be sure. 
MODERN DRUG ENCYCLOPEDIA 
and Therapeutic index 16th Edition 
Arthur J. Lewis, MD, Editor 
Gertrude Dittus Gonzales, R.Ph., B.S., Pharm., 
Executive Editor 
Charles L. Winek, Ph.D., Contributing Editor 


` The 16th Edition of MODERN DRUG ENCYCLOPEDIA is written 
specially for the practitioner who needs complete, objective information 
prescription drugs. 


Ап independent team of pharmacists and physicians has researched 
nd edited all the facts on 3,000 prescription drugs. It passes this 
earch on to you in an easy to absorb style that's perfectly suited to 
tight schedule of a time pressed practitioner. 
Some handbooks just reprint manufacturers' package inserts. They 
n't edit. Just print material manufacturer pays to have included. 


lere's what careful planning does for MODERN DRUG 
ICYCLOPEDIA: 
limits entries to prescription drugs. You don't waste time flipping 
through pages of extraneous drugs. 
.* lists over 3,000 pharmaceuticals, biologicals, and allergens in one a-z 
г Sequence. 
:e arranges entries by generic name. All brand names in one place. 
е written in concise language for quick comprehension. 
lesigned with a "strong focus” layout, easy-to-read type, and bold 
-subject headings. 
~The 1,000 page main section arranges over 3,000 drugs 
alphabetically by generic name. Each entry covers vital facts about 
brand names and each manufacturer that markets their own brand. 


. Three a-z indexes provide instant access to all the material found in 

{һе main section as follows: 
GENERAL INDEX of all brand generic names in handy alphabetic 
.Sequence. 
“THERAPEUTIC INDEX of which drugs are prescribed for which 
. purpose. Allows you a wide selection of therapy based on your 
patient's special needs. 
MANUFACTURERS INDEX of names and áddresses and product 

.. names. Helps you identify the drug when you only know the 

` manufacturer's name. 


—————————————————————————---4 


Yorke Medical Books em 
Box С-757 
Brooklyn, NY 11205 

1 Please send me a сору of the MODERN DRUG ENCYCLOPEDIA, 16th Edition (00021) $59.00. 


wt iJ Enclosed is my check for including $1.50 for handling. Yorke pays postage 
eee Acad privilege). 
C3 Visa (3 MasterCard 


Card No 


LG AMEX (same return privilege) 
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о nis indicated for | 
treatment and management о 
with angina pectoris. 
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Acute Myocardial Infarction 
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Clinical events and decisions of the first 24 
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epartment of Pediatrics, Memorial Sloan-Kettering 

ncer Center, New York City, and Cornell University 
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st thinking by international authorities, all of whom 
геге invited to present findings in their area of expertise 
те diagnosis, treatment, and prevention of various 
erial, fungal, viral, and parasitic infections presenting 
pa ans with neoplastic disease. 


is is not just another “proceedings” volume. Rather 
in edited work, with papers by investigators who 
omitted definitive preparations for publication. Further- 
Yore, the authors take a strong position on their topics, 
: k probing questions and promote a stimulating forum 
f controversy. 


The result is a concise, dynamic study that belongs in 
: professional library of every physician treating 
nts with neoplastic disease. 
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A continuum of learning, of to be enjoyed to the fullest. 
expectations, of fulfillment. Life is to be continued. 
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which cannot keep pace 


with its demands. And Systems, lac. 


these are the people to We design for life: 
whom we are dedicated. 


These are the people for 
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the smallest and lightest, 
the most reliable and cost- 
effective pacemakers in 
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2 doses. One clinical study found that 300 to 600 mg were a 
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be administered 5 mg/kg by rapid IV bolus, and then 
10 mg/kg repeated as necessary. 
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Soon enough Bretylol is most successful when started “2 
early. Early administration, within 15 minutes or less, has sA 
been associated with increased survival in countershock- a 
E resistant VF patients. Unlike lidocaine and procainamide, 3d 
E Bretylol significantly increases the VF threshold and Aa 
Ee decreases the defibrillation threshold?^ So it is a logical A 
eee first choice for use after electric countershock, epinephrine, Ju 
p ura and sodium bicarbonate. ta 
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Long enough Bretylol can most successfully prevent VF in p 
post-MI patients when treatment is maintained. In two stud- a 
ies, VF was prevented in nearly all patients who received SA 
4 maintenance doses of Bretylol following MI'5 In patients at i 
: risk of ventricular fibrillation, Bretylol should be given by ES 
; continuous IV drip at a dosage of 1-2 mg/min. Some wi 
degree of hypotension is present in approximately 50% of ^ч 
the patients treated and is usually controlled with fluid #8 
replacement alone. E 
For additional information, contact the Medical Services Es 
Department, American Critical Care, 1600 Waukegan Road, ES 
McGaw Park, IL 60085. Phone 1-800-323-4980. р 
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EO , ventricular fibrillation. Am J Emergency Med 1 :1-6, 1983. 3. Bacaner MB: 

M ! j Quantitative comparison of bretylium with other antifibrillatory drugs. 
Am J Cardiol 21(4):504-512, 1968. 4. Babbs CF: Evaluation js 
of ventricular defibrillation threshold in dogs by antiarrhythmic A 
drugs. Am Heart J 98(3):345-350, 1979. 5. Castle L: Symposium dE 
on the management of ventricular dysrhythmias. Am J Cardiol "d 
54(2):26А-ЗЗА, 1984. E 
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CARDIOLOGY 
1984? 


[n The fourth in an annual series to 
` be published in the summer each 
year — over 750 papers 


О A review of the year's newest 
and most important 
developments in cardiology 
1 A multidisciplinary approach to 
-clinical and applied research 
based on an exhaustive search of 
ће year's literature 
1 A unique, cohesive summary of 
the state-of-the-art, written, not 
edited, by those making out- 
standing developments in the 
field 
1 A practical approach to a compli- 
- cated and fast-moving subject de- 
signed to be read and used daily 


ardiology 1984 provides іп a 
oncise and readable format and 
tyle fundamental and new informa- 
essential to understanding the 
rent thinking on managing cardi- 
vascular disease. It coordinates 
what's new with well established 
data, arming the reader with a per- 
spective on the field which is simply 
navailable elsewhere. Its liberal use 
f illustrations and tables condenses 
valuable information into instantly 
understandable knowledge. 
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together coordinating their 
ual efforts into a cohesive 


Reviews of 
previous editi 


‚ a first-class volume- 
vides a true precis of the 
cardiological literature.. 
unreservedly recommended 
$49.50 is a bargain buy.” | 


Robert H. Anderson 
International Journal of Cardiol gt 


.a remarkable tour « 
inestimable value to all. 
struggling to understand th е 
and its problems.” | 


David Н. Spodick, MD р 
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The quality of the individua 
summaries is high and the 
selection process superb." - 


Arthur C. Fox, MD 
New York State Journal of Medicin 
February 1984 


These seven leaders in their respec- 
tive fields of cardiology have re- 
viewed the year's literature in their 
own areas and have worked 
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60 internationally prominent contributors provide in 26 papers a í 
overview of the current thinking on the causes, mechanisms, treat: 
plications of diabetes. 


Featured topics include: 


The causes of diabetic inheritance 

Immune factors of diabetes 

Mechanisms of diabetes (The culmination of 50 years of res 
Autoimmunity 

New understandings in the mechanisms of insulin dependen 
dependent diabetes mellitus 

New developments in the treatment of diabetes 

Methods of monitoring blood glucose and the use of glycos 
hemoglobin 

Pharmacology of oral hypoglycemics 

Use of insulin infusion devices 

Human insulin produced by recombinant DNA technology 


If it is important to you in vour practice to stay up-to-date on the 
ments in Diabetes Mellitus and you need a quick reference on the 
is the book for you. 


DIABETES MELLITUS 


edited by Jay S. Skyler, M.D., and George F. Cahill, Jr., ^ 
1981, 234 pp., 0-914316-23-0, $35.00 


ПП OU ee 


p ee cmm mm sm пин anm ames жии жаш эмы сто GRUND ана тап анла ee UD a m ms аша m m ан 


Yorke Medical Books 
Box C-757, Brooklyn, New York 11205 


Please rush me: 
C] o сору(ѕ) of Diabetes Mellitus $35.00 (00023). 


LJ] Enclosed is my check for... which includes $1.50 for handling. Yorke 
C) Please bill me pius postage and handling. (U.S. and Canadian residents only.) 
LI Please bill my Û VISA Û MasterCard 


Card No. aeeie 

Exp. Date... МУС Interbank No. 

Signature 
NAME 
ADDRESS 
CITY 
STATE 


- Customers in the following states please include applicable: 
E тим be prepaid i in U.S. funds witha check drawn: ona 




















-puate your echo lab with Cardiac Doppler. 


The Cardiac Doppler system expands conventional 

echocardiography by providing noninvasive assessment 

of flow velocities through all four heart valves. It is all you 

need to confirm stenotic or regurgitant valvular disease. 

* Color spectral patterns grade the degree of valve 
Stenosis and turbulence. 

* Valve cross-sectional areas can be derived from 
pressure gradient half-times. 

* Color spectral patterns grade the degree of 


regurgitation. Valve prolapse is identified through the 
presence and timing of regurgitation. 


| 
| 
| 


CARDIAC ООРРІЕ 


• Detects the high velocity jets of flo 
prosthetic valves. Detects prosthet 
Monitors valve function over time. 

* Color spectral patterns locate and q 

* Displays ECG trace for time referen 
correlation of heart sounds with Do 
patterns. 

* Computes cardiac output approxim: 
volume and average flow. 

Call 1-800-334-4531 to place your ord 
information or an on-site de 


Carolina Medical Electronics, E 


P.O. BOX 307, KING, N.C. 27021 USA, TELEPHONE (919) 983-5132 
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For steady maintenance following 
cardioversion of supraventricular, 


ventricular, and atrial tachyarrhythmias 


ш Maintains normal sinus rhythm 
= Full quinidine cardiodynamics 


= Greater gastrointestinal tolerance 


than with quinidine sulfate" 


= Convenient b.i.d. or t.i.d. dosage 


*Bibliography available upon request. 


INDICATIONS AND USAGE: CARDIOQUIN Tablets are indicated as maintenance therapy after 
spontaneous and electrical conversion of atrial tachycardia, flu iter or fibrillation and n the treatment 
of premature atrial and ventricular contractions, paroxysmal atrial tachycardia, paroxysmal A-V 
junctional rhythm, atrial flutter, paroxysmal atrial fibrillation. established atrial fibrillation when 
therapy is appropriate, and paroxysmal ventricular tachycardia when not associated with complete 
heartblock. CONTRAINDICATIONS: History of hypersensitivity to quinidine, complete A- V block, 
complete bundle branch block or other severe intraventricular conduction defects. myasthenia 

ravis, arrhythmias associated with digitalis toxicity. WARNINGS: In the treatment of atriai 
ibrillation with rapid ventricular response, use digitalisto control ventricular rate prior to administra- 
tion of quinidine. In the treatment of atrial flutter, reversion to sinus rhythm may be preceded by 
progressive reduction in the degree of А-У block to a 11 ratio resulting in an extremely high 
ventricular rate. This potential hazard may be reduced by digitalization prior to administration of 
quinidine. Potentially toxic digoxin plasma levels may occur when quinidine is admiristered 
concurrently. Consider reducing digoxin dosage and monitoring for digitalis o Evidence 
of quinidine cardiotoxicity (increased Р-Н and Q-T intervals, 50% widening of QRS, and/or 
ventricular ectopic beats or tachycardia) mandates immediate discontinuation of the drug, and/or 
close clinical and electrocardiographic monitoring. NOTE: Quinidine effect is erhanced by 
potassium and reduced in the presence of hypokalemia. Quinidine snould be used with extreme 
caution in the presence of incomplete A-V block. since complete block and asystole пах result 
Quinidine may cause abnormalities of rhythm in digitalized patients; therefore, it should be used 
with caution in the presence of digitalis intoxication. Caution is also called for in patients exhibiting 
renal, cardiac or hepatic insufficiency because of potential toxic accumulation of quinidine. in 
plasma. PRECAUTIONS: A preliminary test dose of a single tablet of quinidine sulfate may be 
administered to determine if the patient has an idiosyncracy to quinidine. ECG monitoring and 
determination of plasma quinidine levels are recommended when doses greater than 2.5 g/day are 
administered. Periodic blood counts and liver and Kidney function tests should be performed during 
long-term therapy. 


Purdue Frederick 


© COPYRIGHT 1982, THE PURDUE FREDERICK COMPANY/NORWALK, CT 06856 PFR-003/82 


DRUG INTERACTIONS OF QUINIDINE: 


DRUG 

With anticholinergic drugs 

With cholinergic drugs 

With carbonic anhydrase inhibitors, sodium 
bicarbonate, thiazide diuretics 

With coumarin anticoagulants 

With tubocurare, succinylcholine and 
decamethonium 

With phenothiazines and reserpine 

With hepatic enzyme-inducing drugs 
(phenobarbital, phenytoin, rifampin) 

With digoxin 


EFFECT 

Additive vagolytic effect. 

Antagonism of cholinergic effects. 

Alkalinization of urine resulting in decreased 
excretion of quinidine. 

Reduction ot clotting factor concentrations. 

Potentiation of neuromuscular blockade. 


Additive cardiac depressive effects. 
Decreased plasma half-life of quinidine. 


Increased plasma concentrations of digoxin 
(see WARNINGS). 


PREGNANCY: The use of quinidine in pregnancy should be reserved e for those cases where 
the benefits outweigh the possible hazards to the patient and fetus. NURSING MOTHERS: The 
drug shouid be used with caution due to excretion of the quinidine in breast milk. ADVERSE 
REACTIONS: SYMPTOMS OF CINCHONISM (ringing in the ears, nausea, headaches. and/or 
disturbed vision) may appear in sensitive patients after a single dose of the drug. GASTROINTES- 
TINAL: Diarrhea, nausea, vomiting, abdominal pain. CARDIOVASCULAR: Widening of ORS 
complex. cardiac asystole, ventricular ectopic beats, idioventricular rhythms (including ventricular 
tachycardia and fibrillation), paradoxical tachycardia, arterial embolism, and hypotension. HEMA- 
TOLOGIC: Acute hemolytic anemia, hypoprothrombinemia, thrombocytopenic purpura, agranulo- 
cytosis. CNS: Headache, fever, vertigo, apprehension, excitement, confusion, delirium, and 
syncope, disturbed hearing (tinnitus, decreased auditory acuity), disturbed vision (mydriasis, 
blurred vision, disturbed color perception, reduced vision field, photophobia, diplopia, night 
olindness, scotomata), optic neuritis, DERMATOLOGIC: Rash, cutaneous flushing with intense 
pruritus. urticaria. HYPERSENSITIVITY REACTIONS: Angioedema, acute asthmatic episode, 
vascula: collapse, respiratory arrest, hepatic toxicity. See package insert for Full Prescribing 
information 
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Angina 
Protection 


with Benefits for 
a Lifetime 


ONCE-DAILY CONTROL 
WITH HEART-SAVING BENEFITS 


By reducing heart rate and cardiac contractility, INDERAL LA helps 
protect the heart from the potentially serious and debilitating 
consequences of ischemia. A highly effective antianginal agent for 
around-the-clock control of symptoms, INDERAL LA also provides 
cardiovascular protection for a sense of security in the years ahead. 


PROTECTION AND EXPERIENCE 
NO CALCIUM BLOCKER САМ MATCH 


Unlike calcium blockers, INDERAL LA—either alone or with a 
nitrate —is recommended for early treatment of angina in the 
majority of patients. Equally important, INDERAL LA delivers the 
proven performance and safety profile of INDERAL tablets- 
confirmed by millions of patients during 16 years of clinical use. 


START WITH 80 MG ONCE DAILY 


Dosage may be increased to 100 mg once daily, as needed, to 
achieve optimal control. INDERAL LA should not be used in congestive 
heart failure, sinus bradycardia, cardiogenic shock, heart block greater 
than first degree, and bronchial asthma. Please see next page for 
further details and brief summary of prescribing information. 


ONCE-DAILY - ' 


80 120 
mg mq 





















































































УВ. SIMPLIFIED CORE 
ЧЕКАРҮ IN ANGINA 


(is SUMMARY (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR ) 
JERAL* LA brand o! propranolol hydrochioride (Long Acting Capsules) 
SCRIPTION. indera! LA is formulated to provide a sustained release of propranolol 
rochloride. Inderal LA is available as 80 mg. 120 mg, and 160 mg capsules 
INICAL PHARMACOLOGY. INDERAL is a nonselective beta-adrenergic receptor 
loc g agent possessing no other autonomic nervous system activity. It specifically com- 
with beta-adrenergic receptor stimulating agents for available receptor ‘sites. When 
C fo beta-receptor sites is blocked Бу INDERAL, the chronotropic, inotropic, and 
sodilator responses to beta-adrenergic stimulation are decreased proportionately. 
NDERAL LA Capsules (80, 120. and 160 mg) release propranolol HC! at a controlled and 
predictable rate. Peak blood levels following dosing with INDERAL LA occur at about 6 hours 
nd the apparent plasma һа е is about 10 hours. When measured at steady state over a 24- 
sur period the areas under the propranolol plasma concentration-time curve (AUCs) for the 
apsules are approximately 60% to 6596 of the AUCs for a comparable divided daily dose of 
NDERAL tablets. The oie AUCs for the capsules are due to greater hepatic metabolism of 
ipránolol, resulting from the siower rate of absorption of propranolol. Over a twenty-four (24) 
‘period, blood levels are fairly constant for about twelve (12) hours then decline 
роне тану. 
NDERAL LA should not be considered a simple mg for mg substitute for conventional 
ргапоіо! and the blood levels achieved do not match (are lower than) those of two to four 
es daily dosing with the same dose. When changing to INDERAL LA from conventional 
nolol, a possible need for retitration upwards should be considered especially to 
in effectiveness at the end of the dosing interval. in most clinical settings, however. 
as hypertension or angina where there is little correlation between plasma levels and 
ical effect, INDERAL LA has been therapeutically equivalent to the same mg dose of 

entional INDERAL as assessed by 24-hour effects on blood pressure and on 24-hour 
хегсіѕе responses of heart rate, systolic pressure and rate pressure product INDERAL LA 
тро effective beta blockade for a 24-hour period 

he mechanism of the antihypertensive effect of INDERAL has not been established 

mong the factors that may be involved in contnbuting fo the antihypertensive action are (1) 
ecreased cardiac output, (2) inhibition of renin release by the kidneys, and (3) diminution of 
іс sympathetic nerve outflow trom vasomotor centers in the brain Aithough total peripheral 
sistance may increase initially. it readjusts to or below the pretreatment level with chronic 
бё. Effects on plasma volume appear to be minor and somewhat variable. INDERAL has 
been shown to cause a small increase in serum p um concentration when used in the 
teatrnent of hypertensive patients. E 

` . In angina pectoris, propranolol generally edus 
пу given level of effort by blocking the catecholag 
stolic blood pressure, and the velocity and exte 
пау increase oxygen requirements i increasing 8 
pressure and systolic erection period. The net physi 
usually advantageous and is manifested during 
ncreaseo work capacity. 
zin ا‎ n greater than required for beta biog 





























“The mechanism of the antimigraine effect of g 
drenergic receptors have been demonstrated iq 
B 


ictiona! changes, sympathetic activity is де! ай? 
ituations in which sympathetic stimulation is vital ple 


which should be preserved. In the presence of AV block. greater than first degree, beta 
lockade may prevent the necessary facilitating effect of sympathetic activity on conduction. 
leta blockade results in bronchial constriction by interfering with adrenergic bronchodilator 
ictivity which should be preserved in patients subject to bronchospasm. 
Propranolol is not significantly dialyzable 
INDICATIONS AND USAGE. Hypertension: INDERAL LA is indicated in the manage- 
of hypertension: it may be used alone or used in combination with other antihypertensive 
егі, particularly a thiazide diuretic. INDERAL LA is not indicated т the management of 
lypertensive emergencies. 
а Pectoris Due to Atherosclerosis: INDERAL LA is indicated 
long-term Ws ihip of patients with angina pectoris 
Migraine: INDERAL LA is indicated for the prophylaxis of common migraine headache 
he: dme of propranolol in the treatment of a migraine attack that has started has not been 
and propranolol is not indicated for such use 

ic Stenosis: INDERAL LA is useful in the management of 
ypertrophic subaortic stenosis. RET for treatment of exertional or other stress-induced 
тіла, palpitations, and syncope. INDERAL LA also improves exercise performance. The 
tiveness of propranolol hydrochloride in this disease appears to be due to a reduction of 
levated outflow pressure gradient which is exacerbated by beta-receptor stimulation 
Clinical ратан may be temporary 
CONTRAINDICATI . INDERAL is contraindicated in 1) cardiogenic shock, 2) sinus 
àdycardia and greater than 1151 degree block: 3} bronchial asthma; 4) congestive heart 
SR "il WARNINGS} unless the failure is secondary to a tachyarrhythmia treatable with 





ARNINGS. CARDIAC FAILURE: Sympathetic stimulation may be a vitai component sup- 
circulatory function in patients with congestive heart failure, and its inhibition by beta 
de may precipitate rnore severe failure. Although beta blockers should be avoided in 
нї congestive heart failure, f necessary, they can be used with close follow-up in patients 
vith a history of failure who are weil compensated and are receiving digitalis and diuretics 
i e blocking agents do not abolish the inotropic action of digitalis on heart 


aure, the ausit should be БЕ and/or treated with diuretics, and the response 
served closely, or INDERAL should be discontinued (gradually, if possibie) 


IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
pn and. in some cases, myocardial infarction, following abrupt discontinuance of 

INDERAL therapy. Therefore, when discontinuance of INDERAL is planned the dosage 
поша be gradually reduced over at least а few weeks. and the patient should be 
cautioned against interruption or cessation of therapy without the physicians advice. tf 
INDERAL therapy is interrupted and exacerbation of angina occurs, it usually is advis- 
abie to reinstitute INDERAL therapy and take other measures appropriate for the man- 
agement of unstable angina pectoris. Since coronary artery disease may be 
unrecognized, t may be prudent to follow the above advice in patients considered at risk 
ot- Medo occult atherosclerotic heart disease who are given ргоргапою! for other 
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MAJOR SURGERY: The necessity or desirability of withdrawal of beta-blocking быу 
prior to major surgery is controversial. R should be noted. however, that the impaired ability of 
the heart to respond to reflex adrenergic stimuli may augment the risks of general anesthesia 
and an procedures 

INDERAL (propranolol HCH, like other beta blockers. is a competitive inhibitor of beta- 
receptor agonists and its effects сап be reversed by administration of such agents, е.д.. 
dobutamine or isoproterenol. However, such patients may be ы fo protracted severe 
hypotension. Difficulty in starting and maintaining the heartbeat has also been reported with 
beta blockers. 

DIABETES AND HYPOGLYCEMIA: Beta-adrenergic blockade may prevent the ap- 
pearance of certain premonitory signs and symptoms (pulse rate and pressure changes) of 
acute hypoglycemia in labile insulin-dependent diabetes. In these patients, it may be more 
difficult to adjust the dosage of insulin. 

THYROTOXICOSIS: Beta biockade may mask certain clinical signs of hyperthyroidism. 
Therefore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms 
of hyperthyroidism, including thyroid storm. Propranolol does not distort thyroid function tests. 

IN PATIENTS WITH WOLFF-PARKINSON- WHITE SYNDROME, several cases have been 
reported in which, alter propranolol. the tachycardia was replaced by a severe bradycardia 
requiring a demand pacemaker in one case this resulted after an initial dose of 5 mg 
propranolol 
PRECAUTIONS. General: Propranolol shouid be used with caution in patients with impaired 
hepatic or renal function. INDERAL is not indicated for the treatment of hypertensive 
emergencies. 

Beta adrenoreceptor blockade can cause reduction of intraocular pressure Patients 
should be told that INDERAL may interfere with the glaucoma screening test. Withdrawal may 
lead to a return of increased intraocular pressure. 

Clinical Laboratory Tests: Etevated blood urea levels in patients with severe heart disease, 
elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase. 

DRUG INTERACTIONS: Patients receiving catecholamine-depieting drugs such as reser 
pine should be closely observed if INDERAL is administered. The added catecholamine- 
blocking action may produce an excessive reduction of resting sympathetic nervous activity 
which may result in hypotension, marked bradycardia. vertigo, syncopai attacks, or orthostatic 
hypotension. с 

Carcinogenesis. Mutagenesis, Impairment of Fertility: Long-term studies in animals have 
been conducted to evaluate toxic effects and carcinogenic potential. In 18-month studies in 


Don rats and mice, жоны нела Up to 150 mg/kg/day. there was no evidence of significant 


Binder месту haie nose related tumorigenic effects at any of the dosage 
B E $ A "NA not show any impairment of fertility that was 


ERAL has been shown to be embryotoxic in 
сае than the maximum recommended human dose. 

JEU c FORRES studies in pregnant women. INDERAL should 

& gnancy only t the potential benefit justifies the potential risk to the fetus. 
Iis INDERAL ts excreted in human milk. Caution should be exercised when 

Истеген Io a nursing woman. 
OBEY MD E Боп children have not been established. 
; ИГ Р effects have been mild and transient and have 


pe г ДЕ Mae. intensification of AV block; hypo- 
jo ; artenal insufficiency, usually of the 


Central Nervous Siti по сеспесѕ. menta! depression manifested by insomnia. 
lassitude, weakness, fatigue; пе mental depression progressing to catatonia; visual 
disturbances, hallucinations: an acute reversible syndrome characterized by disorientation for 
time and place, short-term memory loss, emotional lability, slightly clouded sensorium, and 
decreased performance on neuropsychometrics. 

Gastrointestinal, nausea, vomiting, epigastric distress, abdominal cramping. diarrhea, 
constipation, mesenteric arterial thrombosis, ischernic colitis 

Allergic: Pharm and agranulocytosis. erythematous rash, fever combined with aching 
and sore throat, laryngospasm and respiratory distress. 

Respiratory: bronchospasm. 

Hematologic. agranulocytosis. nonthrombocytopenic purpura. thrombocytopenic 
purpura 

Auto-Immune: in extremely rare instances, systemic lupus erythematosus has been 
reported 

Miscellaneous: alopecia, LE-like reactions, psoriasiftorm rashes, dry eyes, male impo- 
tence, and Peyronies disease have been reported rarely Oculomucocutaneous reactions 
involving the skin, serous membranes and conjunctivae reported for a beta blocker (practoltofj 
have not been associated with propranoloi 
DOSAGE AND ADMINISTRATION. INDERAL LA provides propranolol hydrochloride in a 
sustained-release capsule for administration once daily If patients are switched from INDERAL 
tablets to INDERAL LA capsules, care should be taken to assure that the desired therapeutic 
effect is maintained. INDERAL LA should not be considered a simple mg for mg substitute for 
INDERAL. INDERAL LA has different kinetics and produces lower blood levels. Retitration may 
be necessary especially 10 maintain effectiveness at the end of the 24-hour dosing interval. 

HYPERTENSION... Dosage must be indiidualized. The usual initial dosage is 80 mg 
INDERAL LA once daily. whether used alone or added to a diuretic. The dosage may be 
increased to 120 mq once daily or higher unt! adequate blood-pressure control is achieved: 
The usual maintenance dosage is 120 to 160 mg once dally. In some instances a dosage of 640 
mg may be required. The time needed for full hypertensive response to a given dosage is 
variabie and may ran E from a few days to several weeks 

ANGINA PECTOHIS Dosage must be individualized. Starting with 80 mg INDERAL LA 
once daily, dosage d be gradually increased at three to seven day intervals until optimum 
response is obtained. Although individual patients may respond at any dosage level, the 
average optimum dosage appears to be 160 mg once daily In angina pectoris, the value and 
safety of dosage exceeding 320 mg per day have not been established. 

I! treatment is to be discontinued, reduce dosage gradually over a period of a few weeks 
(see WARNINGS) 

MIGRAINE —Dosage must be individualized. The initial ога! dose is 80 mg INDERAL LA 
once daily The usual effective dose range is 160-240 mg once dally The dosage may be 
increased gradually to achieve optimum migraine prophylaxis. H a satisfactory response is nol 
obtained within four to six weeks after reaching the maximum dose. INDERAL LA therapy 
shouid be discontinued. It may be advisable to withdraw the drug gradually over a period ot 
several weeks 

HYPERTROPHIC SUBAORTIC STENOSIS---80-160 mg INDERAL LA once daily : 
PEDIATRIC DOSAGE — At this time the data on the use of the drug in this age group are toc 
limited to permit adequate directions for use. 

*The appearance of INDERAL LA capsules is a registered trademark of Ayerst Laboratories 
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L PHARMACOLOGY. LOPID is a lipid regulating agent which lowers 
serum lipids primarily by decreasing serum triglyceride with a variable 

| in total serum cholesterol. These decreases occur primarily in the very 
sity lipoprotein (VLDL) fraction and ‘ess frequently in the tow density lipo- 
(LDL) fraction. In addition, LOPID may increase the high density lipopro- 
HDL) cholesterol fraction, an action considered of possible benefit to 

tion of the atherosclerotic process 

mechanism of action has not been definitively established. іп man, LOPID 





f free fatty acids, thus reducing hepatic triglyceride production. LOPID азо 
-Synthesis of VLDL carrier apoprotein, leading to a decrease in VLDL 
tion. 
а! studies suggest that LOPID тау, in addition to elevating HDL choles- 
reduce incorporation of long-chain fatty acids into newly formed trigiycer- 
accelerate turnover and removal of cholesteroi from the liver, and increase 
ration of cholesterol in the feces. 
D is wel! absorbed from the gastrointestinal tract after ога! administration. 
asma levels occur in one to two hours with a plasma half-life of 1.5 hours 
g singie doses and 13 hours following multiple doses. Plasma levels 
proportiona! to dose and do not demonstrate accumulation across time 
8 multiple doses. 
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methy! and а carboxy! metabolite Approximately seventy percent of the 
tered human dose is excreted in the urine, primarily as unchanged gemfi- 
их percent of the dose is accounted for in the feces. 

arge, controlled multicenter trial of 427 patients, lipid and lipoprotein 
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HCATIONS AND USAGE. Drug therapy shouid not be used for the routine treat- 

‘Of elevated blood lipids for the prevention of coronary heart disease. Dietary 

y Specific for the type of hyperlipidemia is the initial treatment of choice. Excess 

ody weight and excess alcoholic intake may be important factors in hypertrigiyceri- 
nd shouid be addressed prior to any drug therapy Physica! exercise can be 

Ortant ancillary measure. Contributory diseases such as hypothyroidism or 

es mellitus should be юокеа for and adequately treated. The use of drugs 

ре considered only when reasonable attempts have been made to obtain sat- 

results with nondrug methods. If the decision is to use drugs. the patient 

Бе instructed that this does not reduce the importance of adhering to diet. 

cause of chemical, pharmacological, and clinica! similarities between gemfibro- 

xi.clotibrate. and the adverse findings with clofibrate in two large clinica! studies 

arnings), use of gemfibrozil should be restricted to the following indications. 

ID may be considered for the treatment of adult patients with very high serum 

gride ievels (type У hyperlipidemia) who present a risk of abdominal pain and 

eatitis and who do not respond adequately to a determined dietary effort to con- 

т. Patients with triglyceride levels in excess of 750 mg per deciliter are likely to 

Such risk. 

ID (gemfibrozil capsules. USP) has little effect on elevated cholesterol levels 

St subjects. A minority of subjects show a more pronounced response. How- 

it must be understood that there is no evidence that use of any lipid-altering 

ill be beneticial in preventing death from coronary heart disease (see WARN- 

herefore, the physician should be very selective and confine gemfibrozil 

nt to patients with clearly defined risk due to severe hypercholesterolemia 

ividuals with familial hypercholesterotemia starting in childhood) who inade- 

ely respond to appropriate diet and more effective cholesterol-lowering drugs. 

PID is not useful for the hypertrigiyceridemia of Type i hyperlipidemia 

biochemical response to gemfibrozil is variable. and it is not always possibie to 

| from the 'ipoprotein type or other factors which patients wil! obtain favorable 

ts. it is essentia! that lipid levels be assessed and that the drug be discontinued 

hree months in any patient in whom lipids do not show significant improvement. 

effect of drug-induced reduction of serum cholesterol or triglyceride levels or 

in of HDL cholesterol levels on morbidity or mortality due to coronary heart dis- 

аз по! been established. Several years may be required before ongoing tong- 

vestigations wil! resolve this question 

RAINDICATIONS. 1 Hepatic or severe rena! dysfunction, including primary 

cirrhosis. 








GS. 1 Because of chemical, pharmacological, and clinical similarities 
gemfibrozil and ciofibrate, the adverse findings with clofibrate in two targe 
Studies may aiso apply to gemfibrozil. In the first of those studies, the Coro- 
ug Project. 1000 subjects with previous myocardial infarction were treated for 

with clofibrate. There was no difference in mortality between the ciofibrate- 
d subjects and 3000 placebo-treated subjects, but twice as many clofibrate- 
d subjects developed cholelithiasis and cholecystitis requiring surgery In the 
Study. conducted by the World Health Organization, 5000 subjects without 
coronary heart disease were treated with clofibrate for five years and followed 
eyond. There was a statistically significant 36% higher tota! mortality in the 
“treated than in a comparable placebo-treated control group. The excess 

ue to noncardiovascular causes, including malignancy, postcholecys- 
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bilateral cataracts occurred in 10%, and unilateral in 6.3% of the high dose males. ` 
3 Since a reduction of mortality from coronary artery disease has not been demon- 
strated and liver and interstitial celi testicular tumors were increased in male rats, — - 
LOPID should be administered only to those patients described in the Indications and 
Usage Section. If a significant serum lipid response is not obtained, LOPID should be 
discontinued. | 
4. Choleiithiasis—L OPID may increase cholesterol excretion into the bile leadin to 
cholelithiasis, If cholelithiasis is suspected galibladder studies are indicated. LOPID 
therapy shouid be discontinued if galistones are found. 
5. Concomitant Anticoagulants-— Caution shouid be exercised when anticoagulants 
are given in conjunction with LOPID. The dosage of the anticoagulant should be — 
reduced to maintain the prothrombin time at the desired level to prevent bleeding . ' 
compiications. Frequent prothrombin determinations are advyisabie until 1 has рев. 
definitely determined that the prothrombin level has stabilized. | 
PRECAUTIONS. 1 initial Therapy — Before instituting LOPID (gemfibrozil ca 
sules, USP) therapy, every attempt should be made to contro! serum lipids with 1 
appropriate diet, exercise, weight loss in obese patients, and other medica! prob- 
lems such as diabetes mellitus and hypothyroidism. i 
2. Continued Therapy—Pretreatment laboratory studies shouid be performed to 
ensure that patients have abnormal levels of serum lipids. Periodic determinations of © 
serum lipids should be obtained during LOPID administration. The drug should бе: ~ 
withdrawn after three months if the lipid response is inadequate. i 
3. Seasonal Variation of Lipid Levels —L OPID is not expected to alter seasonal © 
variations of higher serum lipid values in mid-winter and late summer or the lower vai. 
ues in fall and spring. * oe 
4. impairment of Fertility — Administration of approximately three and ten times. — 
the human dose to maie rats for 10 weeks resulted in a dose-related decrease of fertii-: 
ity. Subsequent studies demonstrated that this effect was reversed after a drug-free 
period of about eight weeks, and it was not transmitted to their offspring. TEL. 
5. Pregnancy Category B— Reproduction studies have been performed in the rat- 
at doses 3 and 9 times the human dose. and in the rabbit at 2 and 6 7 times the 
human dose. These studies have revealed no evidence of impaired fertility in femaies 
or harm to the fetus due to LOPID. Minor fetotoxicity was manifested by reduced birth . 
rates observed at the high dose ieveis. No significant malformations were found = __ 
among almost 400 offspring from 36 litters of rats and 100 fetuses from 22 litters of ` 
rabbits a 
There are no studies in pregnant women. in view of the fact that LOPID is tumori © 
genic in male rats, the use of LOPID in pregnancy shouid be reserved for those . 
patients where the benefit clearly outweighs the possibie risk to the patient or fetus... 
6 Nursing Mothers. Because of the potentia! for tumorigenicity shown for geri : 
orozi! in male rats, a decision shouid be made whether to discontinue nursing or dis- 
continue the drug, taking into account the importance of the drug to the mother 
2 Hematologic Changes —— Mild hemoglobin. hematocrit and white biood се? 
decreases have been observed in occasional patients following initiation of LOPID 
therapy However, these levels stabilize during long-term administration. Therefore, 
periodic blood counts are recommended during the first 12 months of LOPID > 
administration. ү 

8. Liver Function—~ Abnormal iver function tests have been observed occasionally” 
during LOPID administration, including elevations of SGOT. SGPT, LDH, and alkaline 
phosphatase. These are usually reversible when LOPID is discontinued. Therefore ^ ^. 
periodic liver function studies are recommended and LOPID therapy should be termi- 1 
nated if abnormalities persist. yT 

9. Cardiac Arrhythmias— Although no ciinically significant abnormalities —. ^ 
occurred that Could be attributed to LOPID, the possibility exists that such abnormali- 
tes may occur c WM 

10. Use In Children — Safety and efficacy in children have not been established. = 

ADVERSE REACTIONS. in controled clinical trials of 805 patients. including 245 . 
who received LOPID for at least one year, the most frequently reported adverse. teac 
tions associated with ОРО involved the gastrointestinal system. In decreasing order 
of frequency, these were abdomina! pain (6.096). epigastric pain (4.995), diarrhea 
(4.8%). nausea (4 0%). vomiting (1.6%). and flatulence (1195). Other adverse reac- о 
tions where the probability of a causa! relationship to LOPID therapy exists are listed E. 
Оу system. ч 
Integumentary: rash. dermatitis, pruritus, urticaria 

Central Nervous System: headache, dizziness, blurred vision 

Musculoskeletal: painfu! extremities 

Hematopoietic: anemia. eosinophilia, leukopenia En 

Other reactions have been reported under conditions where a causal relationship is т 
difficult to establish, thus the physician should be alert to these occurrences. Reports ' 
of viral and bacteria! infections (common cold, cough, and urinary tract infections) — 
were more common in gemtibrazil than in placebo-treated patients. | 
Other reactions were: 

Gastrointestinal: dry mouth. constipation, anorexia, gas pain, dyspeosia 

Musculoskeletal: back pain, arthralgia, muscle cramps. myalgia. swollen joints : 

Centrat Nervous System: vertigo, insomnia, paresthesia. tinnitus 2 

Clinical Laboratory: hypokalemia, liver function abnormalities (increased SGOT. ` 
SGPT, LDH, СРК, alkaline phosphatase) 

Miscellaneous: fatigue, malaise, syncope m 
DOSAGE AND ADMINISTRATION. The recommended dose for aduits is 1200 mg 7 
administered in two divided doses 30 minutes before the morning and evening meal. 
Some patients wiii experience therapeutic effects on 900 mg/day: a few may require — : 
1500 mg/day for satisfactory results. ub 
DRUG INTERACTIONS. CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- . К 
LANTS ARE GIVEN IN CONJUNCTION WITH LOPID (GEMFIBROZIL CAPSULES, - 
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1121 Magnetic Resonance imaging in Hypertrophic Cardiomyopathy 


CHARLES B. HIGGINS, BENJAMIN F. BYRD Ill, DAVID STARK, MICHAEL McNAMARA, 
PETER LANZER, MARTIN J. LIPTON, NELSON B. SCHILLER, ELIAS BOTVINICK, and 
KANU CHATTERJEE 


Gated magnetic resonance imaging (MRI) was performed in 14 patients with hypertrophic cardiomyopathy 
in order to define the site and extent of abnormal wail thickness. These studies were compared with 2-di 
sional echocardiograms (2-D echo). Gated MRI studies in 12 normal volunteers were used for comparison. 
surements on MRI studies indicated that the thickness of the septal and posterolateral walis in normal st 
was 10.2 + 0.4 mm (+ standard deviation) and 10.8 + 0.5 mm, respectively, whereas septal thickness ina 
1 patient with HC was 15.0 mm or greater. In patients with HC, septal and posterolateral wall thicknesse: ; 
2.2 + 0.8 cm and 1.3 + 0.17 ст, respectively, by MRI. The 2-0 echo measurements for septal and posterol 
al walls were 2.4 + 0.6 cm and 1.4 + 0.7 cm, respectively. The severity and distribution of hypertroph 
comparable on 2-D echo and MRI. Gated MRI is an effective and completely noninvasive technique for o 
strating the presence, site and extent of abnormal wall thickness in HC. 


CONGENITAL HEART DISEASE 


27 Radionuclide Assessment of Ventricular Contraction at Rest and During Exercise Following the 
B | Fontan Procedure for Either Tricuspid Atresia or Single Ventricle 


STEFANO DEL TORSO, MICHAEL J. KELLY, VICTOR KALFF, and ALEXANDER W. VENABLES 





Ventricular contraction was evaluated in 18 patients studied at a mean of 2.6 years tollowing Fontan re 

tricuspid atresia or single ventricle. Gated first-pass and gated equilibrium radionuclide ventriculograph 
performed at rest and during exercise. Most patients had either abnormal ventricular contraction at rest or 
normal response to exercise or both. This study documents the frequent presence of abnormalities in vent 
contraction following the Fontan procedure either at rest or during exercise, despite absence of symptoms: 


эз 'Memnodyndile Determinants of Exercise-induced ST-Segment Depression in Children with Valvar 
` Aortic Stenosis 


DANIEL A. KVESELIS, ALBERT P. ROCCHINI, AMNON ROSENTHAL, DENNIS C. CROWLEY, 
MacDONALD DICK, A. REBECCA SNIDER, and CATHERINE MOOREHEAD 


Seventeen children with valvar aortic stenosis (12 with ST-segment depression during treadmill exercise 
without treadmill-induced ST-segment depression) underwent hemodynamic evaluation during supine bicy: 
exercise. The left ventricular systolic pressure and outflow tract gradient were significantly greater both at ri 
and during maximal supine bicycle exercise in those children with treadmill-induced ST-segment depression, 
though overlap existed. The left ventricular oxygen supply-demand ratio during maximal supine bicycle exer 
was significantly less in those children with treadmill-induced ST-segment depression, and no overlap ex 
between the 2 groups. These results suggest that treadmill-induced ST-segment depression is related to an: 
balance of left ventricular supply and demand during exercise. | 


E 140 Complete Transposition of the Great Arteries: Visualization of Left and Right Outflow Tract Obstructi 
by Oblique Subcostal Two-Dimensional Echocardiography 


BRUNO MARINO, GUISEPPE DE SIMONE, LUCIANO PASQUINI, SALVATORE GIANNICO, 
CARLO MARCELLETTI, ANTONIO AMMIRATI, PAOLO GUCCIONE, RENATA BOLDRINI, and 
LUIGI BALLERINI 
















































ci and visualized all left-sided obstructions and 15 of the 7 7 right-sided obstructi . $5 
е projections were the best 2-dimensional echocardiographic projections to detect the ventricular outflow . 
| obstructions in transposition of the great arteries. 








ubxiphoid Two-Dimensional Echocardiographic Identification of Tricuspid Valve Abnormalities in 
ransposition of the Great Arteries with Ventricular Septal Defect 


BARBARA J. DEAL, ALVIN J. CHIN, STEPHEN P. SANDERS, WILLIAM I. NORWOOD, and 
ALDO R. CASTANEDA 





Using 2-dimensional echocardiography, we examined tricuspid valve morphology in 39 infants <2 years old with 
transposition of the great arteries (TGA) and ventricular septal defect (VSD) and correlated these findings with 
operative outcome. Twenty patients with simple TGA, 30 patients with isolated VSD and 15 normal patients 
served as age-matched control subjects. Vaive abnormalities, consisting of chordal attachments to the infundib- 
ular septum or ventricular septal crest, straddling or overriding, were identified in 25 of 39 patients (64%) with 
TGA and VSD. One patient had tricuspid regurgitation by preoperative angiography. No valve abnormalities were 
identified in patients with simple TGA or in normal patients; 6 of 30 patients with VSD had abnormal attach- 
. .ments. Intraatrial baffle repair was performed in 27 patients with TGA and VSD and 19 patients with simple TGA. 
. Postoperative catheterization, performed in 17 of 27 patients with TGA and VSD, demonstrated tricuspid regur- 
. . gitation in 9, and 3 of these patients required valve replacement; all had abnormal chordal attachments. No tri- 
. Cuspid regurgitation was present in 8 of 19 patients with simple TGA catheterized postoperatively. Tricuspid 
-.. valve abnormalities are common in patients with TGA and VSD and may be responsible for tricuspid regurgita- 
tion after intraatrial baffle repair. 


Two-Dimensional Echocardiographic Estimation of Right Ventricular Area Change and Ejection 
Fraction in infants with Systemic Right Ventricle (Transposition of the Great Arteries or Hypoplastic 
Left Heart Syndrome) 


ECKARDT TROWITZSCH, STEVEN D. COLAN, and STEPHEN P. SANDERS 


Right ventricular fractional area change and ejection fraction determined using biplane echocardiography and 
angiocardiography were compared in 19 preoperative infants (age 1 day to 30 days) with either hypoplastic left 
heart syndrome (п = 12) or transposition of the great arteries (n = 7). The echocardiographic ejection fraction 
correlated well with angiographic values (r = 0.84). The echocardiographic fractional area change correlated 
somewhat less well with angiography (r = 0.79), but provides a good estimate of right ventricular ejection frac- 
tion without complex volume calculations. Derived volume data were not closely correlated, reflected the prob- 
lems in right ventricular geometric modeling inherent in both methods. 


Evaluation of Atrioventricular Septal Defect by Magnetic Resonance Imaging 


MARK D. JACOBSTEIN, BARRY D. FLETCHER, STANLEY GOLDSTEIN, and 
THOMAS A. RIEMENSCHNEIDER 


ECG-gated magnetic resonance imaging (MRI) was successfully performed on 9 patients with atrioventricular 
(AV) septal defect. Six patients had complete defects (AV canals) while 3 had defects confined to the atrial sep- 
tum. The AV septal defect was well-demonstrated in all patients on transverse scans at the AV value level. The 
size and extent of the defect could be appreciated. Other important anatomic details demonstrated included AV 
valve morphology, patterns of chordal attachment, ventricular sizes and myocardial wall thicknesses. MRI ap- 
pears to be a useful noninvasive imaging modality capable of accurately diagnosing AV septal defects and dem- 
onstrating important anatomic details and variations. 


62 Transatrial Septal Velocity Measurement by Doppler Echocardiography in Atrial Septal Defect: 
‘Correlation with Qp:Qs Ratio 


GERALD R. MARX, HUGH D. ALLEN, STANLEY J. GOLDBERG, and CELIA J. FLINN 


Doppler echocardiographically measured right atrial velocities in patients with atrial septal defects (ASD) have 
a discernible morphologic pattern and are related to shunt magnitude. Right atrial Doppler waveforms were mea- 
sured in 18 control subjects and 17 patients with ASD. These were compared with shunt magnitude measured 
at cardiac catheterization or nuclear shunt scan in the ASD patients. For control subjects, mean right atrial ve- 

locities were 15 + 4 cm/s and for ASD patients, 41 + 11 cm/s (+ standard deviation) (p <0.001). Doppler 
` Qp:Qs ratios correlated with catheterization Qp:Qs ratio (n = 9, г = 0.85, SEE = 0.27) and with radioisotope ra  . 
- tios (n = B, =. 0.60, SEE = 0.51). Transatrial septal velocities іп ASD patients correlated well with. Doppler Lr 
: Qs re vin = 16, pe Ps 89, SEE A, 9; у= : 16.2 2+ 8. D- This study йкы he ght s | 
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APOTEN 
ОТЕМ 
CAPO, tablets j 


* Angiotensin Converting Enzyme 


'CAPOTEN is indicated for the treatment of hypertensive patients 
who on multidrug regimens either have failed to respond 
satisfactorily or have developed unacceptable side effects. 
*CAPOTEN is indicated in patients with heart failure who have not 
responded adequately to or cannot be controlled by conventional 
diuretic and digitalis. CAPOTEN is to be used with diuretics and 
digitalis. 
Please see brief summary of prescribing information on adjacent page. 
1. PDS Alpha, June 1984, Pharmaceutical Data Services, Subsidiary of McKesson Corporation. 


























































































et Failure: CAPOTEN (captopril) is 
icated in patients with heart failure who 
ve not responded adequately to or cannot 
be controlled by conventional diuretic and 
igitalis therapy. CAPOTEN is to be used 
with diuretics and digitalis. 


WARNINGS: Frotelnuria-- Total urinary pro- 
teins >1 g/day were seen in 1.2% of patients 
-on captopril; the nephrotic syndrome occurred 
in about th of these cases. About 60% of 
“affected patients had evidence of prior renal 
disease; the remainder had no known renal 
dysfunction. In most cases, proteinuria subsided 
or cleared within 6 months whether or not 
 captopril was continued. The BUN and creati- 
nine were seldom altered in proteinuric patients, 
-  Membranous glomerulopathy was found in 
с nearly all the proteinuric patients on captopril 
who were biopsied and may be drug related. 
Most cases of proteinuria occurred by the 8th 
-month of therapy. Patients should have urinary 
"protein estimates (dip-stick on rst morning urine, 
гог quantitative 24-hr urine-—the latter provides 
greater precision when proteinuria is persistent 
and/or at low levels) before therapy, at approx. 
` monthly intervals for the rst 9 months of therapy, 
and periodically thereafter. For patients who 
develop proteinuria 71 g/day, or increasing 
. proteinuria, the benefits and risks of continuing 
` captopril should be evaluated. 


.. Meutropenia/Agranulocytosis -— Neutrope- 
nia (<300/mm*) associated with myeloid hypo- 
. plasia (probably drug related) occurred in about 
0.3% of captopril treated patients. About half of 
"he neutropenic patients developed systemic or 
. oral cavity infections or other features of agranu- 
-locytosis, Most of the neutropenic patients had 
severe hypertension and renal function impair- 
. ment; about half had systemic lupus erythema- 
. tosus (SLE), or another autoimmune'collagen 
disorder; multiple concomitant drug therapy was 
common, including immunosuppressive therapy 
“in a few cases. Daily doses of captopril in the 
. Jeukopenic patients were relatively high, particu- 
larly in view of their diminished renal function. 
The neutropenia appeared 3 to 12 weeks after 
starting captopril; it developed relatively slowly, 
taking тото зо days to have white blood count fall 
to its nadir; neutrophils returned to normal in 
about 2 weeks (other than 2 patients who died 
of sepsis). 
© Use captopril with caution in patients 
` with impaired renal function, serious auto- 
. immune disease (particularly SLE), or who 
сате exposed to other drugs known to affect 
the white cells or immune response. In 
. patients at particular risk (as noted above), 
perform white blood cell and differential 
counts prior to therapy, at about 2-week 
intervals for about the rst 3 months of 
therapy, and periodically thereafter. 
i Phe risk of neutropenia in patients who are less 
- seriously ill or who receive lower dosages appears 
‚ to Бе smaller. In these patients white blood cell 
Counts should be performed every 2 weeks for the 
“3st 3 months of therapy, and periodically there- 
after. Perform differential counts when leukocytes 
аге « 4000/ mm? or the pretherapy white count is 
` halved. All patients treated with captopril should 
be told to report any signs of infection (e.g., sore 
throat; fever); if infection is suspected, perform 
Counts without delay. Since discontinuation of 
-captopril and other drugs has generally led to 
prompt return of the white count to normal, upon 
confirmation of neutropenia (neutrophil count 
"x 1000/mm?) withdraw captopril and closely fol- 
_Jow the patient's course. 


,Hypotension—Excessive hypotension was rare- 
y seen in hypertensive patients but is a possibility 
^in severely salt/volume-depleted persons such as 
_those treated vigorously with diuretics (see PRE- 
“CAUTIONS [Drug Interactions ]). 














ated with arrhythmia or conduction defects. A 
starting dose of 6.25 or 12.5 mg tid may minimize 
the hypotensive effect. Patients should be fol- 
lowed closely for the first 2 weeks of treatment 
and whenever the dose of captopril and/or diu- 
retic is increased. 


BECAUSE OF THE POTENTIAL FALL 
IN BLOOD PRESSURE IN THESE 
PATIENTS, THERAPY SHOULD BE 
STARTED UNDER VERY CLOSE MED- 
ICAL SUPERVISION. 


PRECAUTION: General: Impaired Renal 
Function, Hypertension-~Some hypertensive pa- 
tients with renal disease, particularly those with 
severe renal artery stenosis, have developed in- 
creases in BUN and serum creatinine. It may be 
necessary to reduce captopril dosage and/or dis- 
continue diuretic. For some of these patients, 
normalization of blood pressure and maintenance 
of adequate renal perfusion may not be possible. 
Heart Failure—About 20745 of patients develop 
stable elevations of BUN and serum creatinine 
> 20974 above normal or baseline upon long-term 
treatment. Less than 59245 of patients, generally 
with severe preexisting renal disease, required 
discontinuation due to progressively increasing 
creatinine, See DOSAGE AND ADMINIS- 
TRATION, ADVERSE REACTIONS [Altered 
Laboratory Findings]. Valvular Stenosis—A the- 
oretical concern, for risk of decreased coronary 
perfusion, has been noted regarding vasodilator 
treatment in patients with aortic stenosis, due to 
decreased afterload reduction, 

Surgery! Anesthesia—1f hypotension occurs dur- 
ing major surgery or anesthesia, and is considered 
due to the effects of captopril, it is correctable by 
volume expansion. 


Drug Interactions: Hypotension. Patients on Di- 
uretic Therapy—Precipitous reduction of blood 
pressure may occasionally occur within the 1st 
3 hours after administration of the initial captopril 
dose in patients on diuretics, especially those 
recently placed on diuretics and those on severe 
dietary salt restriction or dialysis. This possibility 
can be minimized by either discontinuing the 
diuretic or increasing the salt intake about 1 week 
prior to initiation of captopril therapy. Alterna- 
tively, provide medical supervision for at least 
3 hours after the initial dose in hypertensive 
patients. 

Agents Having Vasodilator Activity: In heart 
failure patients vasodilators should be adminis- 
tered with caution. 

Agents Causing Renin Release—Captopril's ef- 
fect will be augmented by antihypertensive agents 
that cause renin release. 

Agents Affecting Sympathetic Activity—The 
sympathetic nervous system may be especially 
important in supporting blood pressure in pa- 
tients receiving captopril alone or with diuretics. 
Beta-adrenergic blocking drugs add some further 
antihypertensive effect to captopril, but the over- 
all response is less than additive. Therefore, use 
agents affecting sympathetic activity (e.g., gan- 
glionic blocking agents or adrenergic neuron 
blocking agents} with caution. 

Agents Increasing Serum Potassium-—Give po- 
tassium-sparing diuretics or potassium supple- 
ments only for documented hypokalemia, and 
then with caution, since they may lead to a 
significant increase of serum potassium. 


Drug/Laboratory Test Interaction: Captopril 
may cause a false-positive urine test for acetone. 


Carcinogenesis, Mutagenesis, and Impair- 
rnent of Fertility: Two-year studies with doses 
of so to 1350 mg/kg/day in mice and rats failed 
to show any evidence of carcinogenic potential. 
Studies in rats have revealed no impairment of 
fertility. 

Usage in Pregnancy: There are no adequate 
and well-controlled studies in pregnant women. 
Embryocidal effects were observed in rabbits. 
Therefore, captopril should be used during preg- 
nancy only if the potential benefit outweighs the 
potential risk to the fetus. 









BRL mer any yof the бга several doses andi is ‘usually 2 Pedi 
c well tolerated, although rarely it has been associ- © 








limited experie nce ‘with use eof captopril i in chil- us 
dren. from 2 months to 15 years of age. Dosage, . 
on a weight basis, was comparable to that used. 
ín adults. Captopril should be used in children 
only if other measures for controlling blood pres- 
sure have not been effective. 


ADVERSE REACTIONS: Reported inci- 
dences are based on clinical trials involving about 
4000 patients. 

Renai—One to 2 of roo patients developed 
proteinuria (see WARNINGS). Renal insuffi- 
ciency, renal failure, polyuria, oliguria, and uri- 
nary frequency in 1 to 2 of 1000 patients. 

Hematologic—Neutropenia/agranulocytosis oc- 
curred in about 0.3% of captopril treated patients 
(see WARNINGS). Two of these patients devel- 
oped sepsis and died. 

Dermatologic—Rash (usually mild, maculopap- . 
ular, rarely urticarial}, often with pruritus and .. 


sometimes with fever and eosinophilia, in about. = 


то of тоо patients, usually during the Ist 4 weeks 
of therapy. Pruritus, without rash, in about 2 of 


тоо patients. A reversible associated pemphigoid- .. 


like lesion, and photosensitivity have also been 
reported. Angioedema of the face, mucous mem- 
branes of the mouth, or of the extremities in about 
1 of тоо patients—-reversible on discontinuance 
of captopril therapy. One case of laryngeal edema 
reported, Flushing or pallor in 2 to 5 of 1000 
patients, 

Cardiovascular—Hypotension in about 2 of r90 
patients, See WARNINGS (Hypotension) and. 


PRECAUTIONS (Drug Interactions) for dise 


cussion of hypotension on initiation of captopril 
therapy. Tachycardia, chest pain, and palpita- .. 
tions each in about 1 of тоо patients. Angina 


pectoris, myocardial infarction, Raynaud's S ѕуп- : 


drome, and congestive heart failure each in 2 tO 1. 
3 of 1000 patients. E 

Dysgeusia--About 7 of roo patients developed — : 
a diminution or loss of taste perception; taste _ 


impairment is reversible and usually self-limited. . 
even with continued drug use (2 to 3 months)... — 


Gastric irritation, abdominal pain, nausea, vom- 
iting, diarrhea, anorexia, constipation, aphthous 
ulcers, peptic ulcer, dizziness, headache, malaise, 
fatigue, insomnia, dry mouth, dyspnea, and par- 


esthesias reported in about 0.5 to 2% of patients `- 
but did not appear at increased frequency com- ` 
pared to placebo or other treatments used ш E 


controlled trials. 


Altered Laboratory Findings: Elevations of 
liver enzymes in a few patients although no causal 
relationship has been established. Rarely chole- . 





static jaundice and hepatocellular injury with |. 


secondary cholestasis have been reported. A 


transient elevation of BUN and serum creatinine ^ 
may occur, especially in volume-depleted of 
renovascular hypertensive patients. In instances : 


of rapid reduction of longstanding or severely - 


elevated blood pressure, the glomerular filtration | ^ 


rate may decrease transiently, also resulting in 
transient rises in serum creatinine and BUN. 
Small increases in serum potassium concentration — . 
frequently occur, especially in patients with renal .— 

impairment (see PRECAUTIONS). пы, 


OVERDOSAGE: Primary concern in correc- | - 
tion of hypotension. Volume expansion with an. : 
I.V. infusion of normal saline is the treatment of 
choice for restoration of blood pressure. Captopril 
may be removed from the general circulation by 
hemodialysis. 


DOSAGE AND ADMINISTRATION: САР- 
OTEN should be taken one hour before meals. 
Dosage must be individualized; see DOSAGE 
AND ADMINISTRATION section of package 


insert for detailed information regarding dosage ^ 
in hypertension and in heart failure. Because ^ 


CAPOTEN (captopril) is excreted primarily by — 
the kidneys, dosage adjustments are recom- . 
mended for patients with impaired renal function. — 
Consult package insert before periere 
CAPOTEN (captopril). 


HOW SUPPLIED: Available in tablets of 25$, - 
50, and тоо mg in bottles of тоо, and in UNI- 
MATIC? unit-dose packs of тоо tablets. 
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At Hewlett-Packard, — 
we take a slightly different M. 
approach to upgrading. - 


A more constructive approach. 
Hewlett-Packard ultrasound imaging systems are 
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designed to be upgradeable year after year. So in the 4 
future, HP owners will be upgrading at considerable rab 
savings, when others are replacing their ultrasound BA 


systems at considerable expense. 


Upgradeability. It’s been an HP design objective right 
from the start. For example, the very first HP system ever 
sold was recently upgraded to include new Doppler and 
cardiac imaging enhancements. In fact, the same is true — 
for more than 30% of all HP ultrasound systems ever sold. — 
Recent upgrades make them virtually the same as any new _ 3 
HP ultrasound system you can buy. And they all continue — - 





to operate with HP's 9996 average uptime. * 
Cost-effectiveness, upgradeability, image quality and p 
long-term reliability. These requirements are enough to E 


make some ultrasound systems crumble. But at HP. build- d 
ing a strong foundation for the future is a fact of life. | 


To find out more about the complete line of Hewlett- E 
Packard ultrasound imaging systems, write to: Inquiries 
Manager, Hewlett-Packard, Dept. A18, 3000 Minuteman 
Road, Andover, MA 01810. Or call your local HP sales office 
listed in the White Pages. 


Hec cS 





Hewlett-Packard offers two superior cardiac imaging systems with E 
Doppler capabilities: the HP77020AC phased array imaging system Es 
and the HP77065AC mechanical imaging system. Both provide 

incomparable image quality, reliability and upgradeability. 
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: Relation of Eléctroca/dicmaphic R-Wave Amplitude to Changes in Left Ventricular Chami 
Position in Normal Subjects 


TED FELDMAN, KENNETH M. BOROW, ALEX NEUMANN, ROBERTO M. LANG, and 
RORY W. CHILDERS 


To clarify the relation between R-wave amplitude and changes in left ventricular (LV) size and position, simulta 
neous 9-lead electrocardiograms and targeted M-mode echocardiograms were recorded from 15 norma 
subjects. Recordings were made at rest, during Valsalva maneuver, and during methoxamine infusion. LV die 
stolic dimension increased with methoxamine infusion and decreased with Valsalva maneuver (p <0.001). F 
wave amplitude in leads Vs and Ve varied directly with LV dimensions (p <0.001). Distance from the chest wa 
to the LV posterior wall correlated with change in R-wave amplitude (r — 0.79). With change from supine to le 
lateral position, the left ventricle moved closer to the lateral chest wall and R-wave amplitude increased by 4 
i 8% (p «0.001). There is a direct and a dynamic relation between R-wave amplitude and LV chamber si: 
Chamber size and distance from the LV to leads Vs or Vg interact as major determinants of R-wave amplitude 


75 Electrocardiogram, Clinical Findings and Chest X-Ray in Persons Aged 85 Years or Older 


SULO A. RAJALA, ULLA K.M. GEIGER, MATTI V. HAAVISTO, KAARINA S. KALTIALA, and 
KARI J. MATTILA 


The electrocardiograms (ECGs) of 559 persons aged 85 years or older were evaluated according to the Minne 
ta code in the course of a health survey. Electrocardiographic items showed a poor association with cardi 1 
symptoms. ST-segment depression, T-wave inversion, ventricular premature complexes and atrial fibrillati 
were related significantly to clinical congestive heart failure, as were ST-segment depression and T-wave i inver 
sion to clinical coronary heart disease. High left А waves, ventricular premature complexes and atrial fibrillatio 
showed a significant association with cardiac enlargement (more than 500 mi/m*) and pulmonary congestio 
in chest radiograph. 


79 Effects of Age on Ventricular-Vascular Coupling 


WILMER W. NICHOLS, MICHAEL F. O'ROURKE, ALBERT P. AVOLIO, TOSHIO YAGINUMA, 
JOSEPH P. MURGO, CARL J. PEPINE, and C. RICHARD CONTI 


Left ventricular ejection and aortic input impedance were measured in 45 "normal" subjects aged 19 to 6 
years. Impedance at zero frequency (peripheral resistance) increased 37% over the age range of 20 to 6 
years, and characteristic impedance (index of elastance) increased 137%. The fundamental impedance modi 
lus and fluctuations in the spectra increased, and the modulus minimum shifted to a higher frequency. Thes 
changes in the impedance spectra indicate that the aorta becomes stiffer and the cross section of the resistan 
bed decreases with age, causing increased pulse wave velocity and wave reflection. These hemodynami 
changes with advancing age are indicative of increased vascular load and may be related to the observed d 
crease in left ventricular stroke output (23%). 


85 Left Vanieular Volume Determination Using Single-Photon Emission Coinputer Tomography 


MICHAEL L. STADIUS, DAVID L. WILLIAMS, GEORGE HARP, MANUEL CERQUEIRA, 
JAMES H. CALDWELL, JOHN R. STRATTON, and JAMES L. RITCHIE 


A new method for measuring left ventricular (LV) volume using gated single-photon emission computed tomog- 
raphy (SPECT) is described. Correlation between SPECT and observed volumes in phantom studies was r = 
0.99, standard error of the estimate (SEE) = 4.9 mi. SPECT was performed 24 hours after biplane contrast LV 
angiography in 36 patients. Volume was calculated from serial short-axis tomograms after reconstruction of 
count data by filtered back projection and reorientation to views orthogonal to the cardiac axes. Correlation be-. 
tween SPECT and contrast angiographic volumes at end-systole was r = 0.96 and SEE = 12 ml; at end-diastole, 
r = 0.81 and SEE = 27 mi; for ejection fraction, г = 0.85 and SEE = 0.06. Interobserver variability in the pro- 
cessing of count data was г = 0.98 and SEE = 8.3 ml. SPECT, using the analysis method described, requires no 
attenuation correction, no arbitrary background correction and no geometric assumptions for volume determina- 
tion. It has obvious ee as a direct method for measuring LV volume ina пишу invasive manner, 





ойоргодис!в | Liberated d by ir in Vitro Argon L Laser Irradiation of А | hero ‹ torolic f "аам | 
lic c Valves and Myocardium т 


JEFFREY M. ISNER, RICHARD H. CLARKE, ROBERTA FORTIN DONALDSON, and ALON AHARON 


To determine how laser lights effect alterations in cardiovascular tissues, photoproducts liberated as the result 
-of argon laser irradiation of atherosclerotic plaque, myocardium and calcified aortic valve leaflets were analyzed - 
Бу gas chromatography, gas chromatography-mass spectrometry, and absorbance spectroscopy. The photo- 

` products generated are those typical of combustion or thermal degradation, and indicate that the fundamental 
nature of laser irradiation of coronary plaque, myocardium and calcified valve leaflets is thermal rather than pho- 
tochemical. Thermal degradation of myocardium is more complete than is thermal degradation of atherosclerot- 
` ic arteries or calcified valves, because the red hue of myoglobin-containing myocardium enhances the absorp- 
tion of the blue-green argon laser light. in contrast, the yellow-white hue of both atherosclerotic plaque and cal- 
cified aortic valve leaflets allows less complete absorbance of the argon laser light, leading to a smaller amount 

` of converted heat and, therefore, less complete thermal degradation. 


Reproducibility of Stand-Alone Continuous-Wave Doppler Recordings of Aortic Flow Velocity Across 
Bioprosthetic Valves 


MARTHA L. RAMIREZ and MAYLENE WONG 


The reproducibility of continuous-wave Doppler measurement of aortic flow velocity was analyzed from dupli- 
cate recordings taken in 20 subjects by 1 technician on З occasions; initially and 1 week and 1 month later. The . 
120 tracings were coded and read by 1 observer. in blinded fashion, 20 tracings were read twice and 26 were — 
read by 2 interpreters. Variability was calculated from the square root of pooled variances and expressed in me — 
ters per second and also related to mean aortic flow velocity and expressed as a coefficient of variation for ће -= 
following categories: Interpretive [intraobserver +0.019 (3:0.896), interobserver +0.071 (+2.7%)]; technical — 
[duplication 0.048 (+1.9%)]; and temporal/biologic [60.125 (+5.0%)]. Thus, Doppler measurements of ` 
maximal aortic flow velocity can achieve excellent reproducibility by maintaining constant technique. With a — 

` methodologic variability of +2%, variability seen with the passage of time was significantly different at 5% < 
and was a result of the fluctuating physiology of a few subjects. 


200 Holter Recording During Treadmill Testing in Assessing Myocardial Ischemic Changes 
DAN TZIVONI, JESAIA BENHORIN, ALEX GAVISH, and SHLOMO STERN 


One hundred forty-four patients with chest pain underwent treadmill testing. The electrocardiogram was record- · · 
ed simultaneously by a standard 12-lead system and on a 2-lead ambulatory Holter recorder. Va- and Vs-like _- 
leads were used for the Holter recording. Using the same criteria for ST-segment depression as indicative of 
ischemia for both electrocardiographic (ECG) systems, the results (positive or negative study) were concordant © 
in 96%. The Holter ECG system identified 6 of 7 patients with only inferior wall changes on the 12-lead system, - 
but missed the 4 patients with ECG changes only in leads | and aVL on the 12-lead system. Using coronary occlu- _ 
sions of 70% or more as the reference standard, the Holter recording was almost as sensitive as the 12-leadre-. . 
cording and the specificity of both systems were identical in detecting hemodynamically significant coronary 
heart disease. 


` CARDIOVASCULAR PHARMACOLOGY 


`` Physiologic Assessment of the Inotropic, Vasodilator and Afterload Reducing Effects of Milrinone in 
"Subjects Without Cardiac Disease 
|. KENNETH M. BOROW, PATRICIA C. COME, ALEXANDER NEUMANN, DONALD S. BAIM, 

EUGENE BRAUNWALD, and WILLIAM GROSSMAN 


Milrinone increases left ventricular shortening while decreasing afterload. It is controversial whether it also has 
positive inotropic properties or whether the improved hemodynamics can be explained by vasodilation alone. 
Load-independent end-systolic indexes of LV contractility were assessed under control and milrinone conditions - 
over а wide range of afterload induced by methoxamine. Sixteen studies were performed in normal subjects 
using echocardiography and calibrated carotid pulse tracings. Milrinone loading doses of 30, 45 or 60 ug/kg 
were given over 10 minutes, followed by maintenance infusion and determination of plasma concentrations. Mil- 

5 rinone induced dose-dependent vasodilation (i.e., fall in total systemic resistance, p <0.05), afterload reduction E 

БОМ (4 e. decrease i in end-systolic wall stress, p «0.00 1), and augmentation in inotropic. state (p <0. a Thus, when | 
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Beyond beta blockers-also acts as a 
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Beyond vasodilators- acts as a beta 
blocker to blunt excessive cardiac 
response to exercise in hypertensives. 
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ober posse “hes greater than first а we block, 
shock, and severe bradycardia. (See WARNINGS.) 





s receiving be 
; tion of digitalis on rhe muscle. 
tients Without a History of Cardiac Failure In patients with latent 
insufficiency, continued depression of the myocardium with 
king agents over a period of time can in some cases lead to 
ilure. At the first si n or symptom of impending cardiac fail- 
nts should be fully pal and/or be given a ariii and 
nse observed closely. И cardiac failure continues, ay ade- 
talization and diuretic, NORMODYNE (laberalol 
should be withdrawn шэ ie ni 
sation of Ischemic Heart Dise brupt Withdrawal 
à pectoris has not been коне п labetalol HCI discontinua- 
awever, hypersensitivity to ca amines has been observed in 
ithdrawn from beta-blocker therapy; exacerbation of angina 
some cases, myocardial infarction have occurted after abrupt dis- 
ination of such therapy. When discontinuing chronically adminis- 
NORMODYNE (laberalol E rticularly in patients with 
mic heart disease, the dorape shoy d be gradually reduced over a 
1 di = weeks and the patient should be carefully moni- 
ly worsens or acute coronary insufficiency devel- 
UE (la p HCl) AN should be 
itut n y, at ieast temporarily, ап et measures appropri- 
abe tos the ment of ee angina should be taken. Patients 
оша ец against interruption or discontinuation of therapy 
i т picai s advice. ш coronary artery disease is com- 
кана A шерге it may be prudent not to discontinue 
ORM E (labetalol HCl) therapy abruptly even in patients 
only for ше 




























































\ acd m ре ос bronchitis and 

ysema) Patients wi горане disease should, in general, 
ve beta-blockers. NEMO YNE may be used with caution, 
t; in patients who do not respond to, or cannot tolerate, other 
ypertensive agents. It is prudent, if NORMODYNE is used, to use 
eler effective dose, so that inhibition of endogenous or exoge- 
nous beta-agonists is minimized. 

Pheocks toma Labetalol HCI has been shown to be effective in 
ing the blood pressure and relieving үн in patients with 
ocytoma. However, paradoxical hypertensive responses have 








eported in a few patients with this tumor; therefore, use caution 
adr filming lab labetalol НСІ to patients with pheochromocytoma. 
abetes Mellitus and Hypoglycemia Beta-adrenergic blockade may 
ent the appearance of premonitory signs and symptoms (e.g., tachy- 
ара dad acute hypoglycemia. This is especially important with labile 
ibetics. Beta-blockade also reduces the release of insulin in response to 
emia; it may therefore be necessary to adjust the dose of anti- 


c drugs. 
ela Surgery The necessity or desirability of withdrawing beta- 
ing therapy prior to major surgery is controversial, Protracted 
ere hypotension and difficulty in erii oF maintaining a heart 
at have been reported with beta-blockers. The effect of labetalol 
Cls alpha- adrenergic activity has not been evaluated in this setting. 
А synergism between labetalol НСІ and halothane anesthesia has 
shown {see Drug Interactions). 


Hepatic Function NORMODYNE (labetalol НС 
e ie Mie caution in on with impaired hepatic . 
ictión since metabolism of the drug may be diminished. 
: patic Dy On rare occasions, labetalol НСІ has 
‘associated with jaundice (both hepatic and cholestatic). It is there- 
recommended that чеши aie Bel НСІ he stopped 
ediately, он a patient dev undice or laboratory evidence of 
үшү. Both have been iii to иб оен on stopping therapy, 
for Patients 
ith all drugs with beta-blocki activity, certain advice to 
nts being treated with laberalol HCl is warranted. This information 
wied to aid in the safe and effective use of this medication. Ír is 
х disclosure of all possible adverse or intended effects. While no 
“of the ү withdrawa ке БЕСС (exacerbation of 
tà pectoris) has been reported with labetalol НСІ, dosing with 
MODYNE Tablets should not be interrupted or discontinued with- 
ehysician's е бач being treated with NORMODYNE 
Id consult a physician ar any sign of impending cardiac 
Also, transient scalp tingling may occur, usual en pen 
A NORMODYNE Tablets is initiated (see AD 
TONS). 
As s! dion longed periods, labo 
with any 3 iris rug given over prolonged peri aboratory 
parameters should be observed over re intervals, In patients with 
йам Ше. such as impaired renal function, appropriate tests 
be done to monitor these conditions. 
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tions 
ne. survey, 2.3% of patients taking labetalol HCl in combination 
tricyclic antidepressants experienced tremor as compared to 0.7% 
iro occur with labetalol HCI alone. The contribution of each of 
ments to this adverse reaction is unknown but the possibility of 
ig interaction әш E add ee ko 
rubs possessing beta-bioc ing properties can unt the bronchodila- 
effect of beta-receptor agonist drugs in patients with bronchospasm; 
r- doses greater than the normal anti-asthmatic dose of beta- 
shodilator drugs may be required. 
Yimetidine has been shown to increase the bioavailability of labeta- 
CA. Since this could be explained either Ы enhanced 
bá bolism of labetalol НСІ, special care 
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ects may occur. - 


presence of a metabolite of labetalol in the urine e may m ih 
наогаат when measured Буа. 
nonspecific trihydroxyindole reaction. Га screening patients sus- 
me of having a pheochromocytoma and being treated with men 
specific ri ри atic or high performance liquid chromat 
phy assay аке should be used to determine levels of catechol- 
amines or their metabolites. 


Carcinogenesis, Mutagenesis, Impairment of Fertilit 

Long-term oral dosing studies with labetalol HCl for 18 months in 
mice and for 2 years in rats showed no evidence of carc inogenesis. ` 
Studies with labetalol HCl, using dominant lethal assays in rats and 
mice, and exposing microorganisms according to modified Ames tests, 
showed no evidence of mutagenesis. 
Р y Category C 

pai y studies have been performed with labetalol in rats and 

rabhits at oral doses up to approximately 6 and 4 times the maximum 
tecommended human dose (MRHD), г tively. No reproducible evi- 
dence of fetal ior aire as was abies . increased fetal resorptions 
were seen in both species at doses ximating the MRHD. There are 
no adequate and well-controlled studies in pregnant women. Labetalol 
should be used during pregnancy only if the potential benefit justifies the 
potential risk to the fetus. 
Nonteratogenic Effects 

ann of mothers rii were treated ied жайгын E E D en- 
sion ү pregnancy did not appear то versely t 
drug. Oral administration of labetalol to rats during late gestation 
through weaning at doses of 2 to 4 times rhe MRH RHD caused a decrease in 
neonatal survival. 
Labor and Delivery 

Labetalol HCl ¢ given to pregnant women with hypertension did not 
appear to affect the usual course of labor and delivery. 
Nursing Mothers 

Small amounts of labetalol (approximately 0.004% of the maternal 
dose) are excreted in human milk. Caution should be exercised when 
NORMODYNE Tablets are administered to a nursing woman. 
Pediatric Use 

Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 

Most adverse effects are mild, transient and occur early in the course 
of treatment. Їп controlled clinical trials of 3 to 4 months duration, dis- 
continuation of у аек (labetalol HCl) Tablets due to one or 
more adverse effect was required in 796 of all patients. In these same 
trials, beta-blocker control agents led to discontinuation in 8 to 1096 of 
patients, and a centrally acting alpha-agonist in 30% of patients. 

The incidence rates of adverse reactions listed in the following table 
were derived from multicenter controlled clinical trials, comparing labe- 
talol НСІ, placebo, metoprolol and propranolol, over treatment periods 
of 3 and 4 months. Where the frequency of adverse effects for labetalol 
HCI and placebo is similar, causal relationship is uncertain. The rates 
ate hased on adverse reactions considered wb ably drug-related by the 
investigator. If all reports are considered ей the rates are somewhat higher 
{e.g., dizziness 2096, nausea 14%, fatigue 1196), but the overall conclu- 
sions are unchanged. 





Laberalol HC] Placebo iol — Metoprolol 
{N= 121) (Nz98)  (Nz84) {М = 49} 
% % % % 
Body as a whole 
fatigue 5 Ü i2 12 
asthenia H } i 0 
headache 2 Н і 2 
Gastrointestinal 
nausea 6 Н { 1 
урне < ! Ó 0 А 
ia 1 1 
abdominal pain o 0 і 2 
diarrhea <j о 2 0 
taste distortion i Ò 8 Q 
Central and Peripheral Nervous Systems 
dizziness il 3 4 4 
paresthesias «1 о 0 0 
drowsiness <} 2 2 2 


Autonomic Nervous System 
nasal stuffiness 3 
ejaculation failure 2 
impotence 1 
increased sweating <} 
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vision abnormality 
vertigo 
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The adverse effects were г 
sentative of do күке of adverse effects that may be observed in a 
properly selected hypertensive patient population, i.e., a group exclud- 
ing patients n bronchospastic disease, overt congestive heart failure, 
or othet contraindications to beta-blocker thera y. 

Clinical tríals also included studies utilizing daily doses up to 
2400 mg in more severely hypertensive patients. Certain of the side 
effects increased with increasing dose as shown in the table below which 
depicts the entire U.S, therapeutic trials data base for adverse reactions 
that are clearly or possibly dose related. 
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Ejaculation Failure 3 
impotence 2 
ma i 






In addition, a number of other less common adverse events ha 
been reported in clinical trials or bia: literature: 

Cardiovascular Syncope. Central and Peripheral Nervous Systems. E 
Paresthesias, most frequently described as scalp AR: In most cases 
it was mild, transient and usually occurred at the beginning of treat- - 
ment. Collagen Disorders Systemic lupus «уыш они, positive : 
antinuclear factor (ANF). Eyes Dry eyes. I Sy: 
Antimitochondrial antibodies. Liver and Biliary System Cholestasis wit 
ot without jaundice. Musculo-Skeletal сна Muscle Cramps; toxic. 
myopathy, Respiratory System Bronchospasm. Skin and 

various types, such a3 generalized maculo- r; lic ae 
urticarial; bullous lichen planus; psoriaform, facial erythema; Peyronie 
disease; reversible alopecia. Urinary System Difficulty in micturition, : 
including acute urinary bladder retention. 

Following approval for marketing in the United Kingdom, a moni- 

release survey involving approximately 6,800 ا‎ was CON 
ducted for further safety and efficacy evaluation of t t. Result 
of this survey indicate that the type, severity, and ink nce of adverse 
effects were comparable to those cited above. 


Potential Adverse Effects 

In addition, other adverse effects not listed above have been: 
reported with other beta-adrenergic blocki nts. 

Central Nervous System Reversible menta essión gk 
catatonia; an acute reversible syndrome characterized b yum de 
for time and place, short-term memory loss, emotional ty. аммо 
clouded sensorium, and decreased performance on neuropsyche 

Cardiovascular Intensification of AV block. 

See CONTRAINDICATIONS, 

Allergic Fever combined with aching and sore throat; 
крг distress. 

Hematologic Agranulocytosis; thrombocytopenic ot йй: 
bocytopenic purpura. 
astrointestinal Mesenteric artery thrombosis; ischemic: colitis: 

The oculomucocutaneous syndrome associated with the beta- 
practolol has not been reported with labetalol HOL 

Clinical laboratory tests: There have been reversible increases 
serum transaminases in 496 of patients treated with eed i 
tested, and more rarely, reversible increases in blood urea. 


OVERDOSAGE 
Overdosage with NORMODYNE {labetalol HCI) Tablets causes x 
excessive hypotension which is кшт! sensitive, and sometimes, exce 
sive bradycardia. Patients should be laid supine and their legs 
necessary to mo ie blood dius to AE brain. The follo 
tional measures should e f necessary: d Ic 
administer atropine (3. ei ler s po response to vagal gal b 
administer isoproterenol cautiously. Cardiac administer 
talis glycoside and a diuretic. Н serm — "miner va 
e.g. dine ay se ee Be p 7 
и rine may е drug of choice. аса 
сем agent and/or a theophylline preparation. - 










































































tric ета or pharmacologicaily induced hep (uini ipi 3 
pe is vee i movil of кырс shortly after ingestion. үш 
from the general circulation by alysis. 


The n LDso value of labetalol HCI in the mouse is approximat ' 
600 mg/kg and in the rat is greater than 2 gm/kg. The intravenous a 
in these species is 50 to 60 mg/kg. 









should be eons dorod. as possible explanations when toxic levels of digoxin are found. 
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Add Calan 221s 


80 mg апа 120 mg 
(verapamil HCI) 


Calan plus nitrates: 
Unique hemodynamic benefits 


` @ increased myocardial oxygen supply— 
prevents vasoconstriction both in large 
coronary arteries and in coronary arterioles 











А © reduced myocardial oxygen demand due to 


—a reduction in peripheral vascular 
resistance (afterload) 


—a decrease in venous return (preload) 
—a modest decrease in contractility 





“It makes sense to treat those patients [with 
. chronic stable angina]... [with] an agent 

that has a beneficial effect on both Oxygen 

demand and supply, rather than a beta 

blocker which attacks just one side of 

that ratio.” 





Calan plus nitrates: 
Efficacy for all types 
of angina 


‚а combination of rate-lowering vasodilator 
А от .) and long-acting nitrates... іѕ very 
efficacious in patients with variant angina, angina 
_of effort, and unstable angina at rest.” 
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improvement in exercise ABE 


Calan F2 Placebo 5s clinically significant i improve- ^ M 


ment in exercise tolerance 


© clinically significant reduc- 
чеш tion in the number of attacks 
| mg/day and the need for sublingual 

3 


Dose= 360 
mg/day 
п=28 

P—0.001 Dose = 360 
mg/day в п=28 


4 P—0.001 nitroglycerin 


Dose —480 
mg 5 ay 





п=22 
ШИ р=<0.01 
TP ie эде 


| M 1? Study?’ Study » Study 4° 





Calan safety: 
Favorable side-effects profile 


With Calan, side effects such 
as fatigue, mental depression, 
impotence or bradycardia (heart 
rate less than 50 beats/min) 
seldom occur. 


The most commonly reported adverse reactions" 


nical 


E 
li 


uring c 


In one study involving 63 
patients “verapamil therapy was 
not discontinued in any patient 
because of the development of 
adverse reactions.’ 


ies involving 1,166 


patients 
izziness 


хс нде 
D 


Fatigue 
Bradycardia 
АУ block- 


Hypotension 


TABLETS 


80 mg and 120 mg 





Cala 


(verapamil НСІ) 
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5 lige sinus речен {if no 
t}, 2nd- ог Ire toges AV block. 


È diuretics before Calan is used. Calan yd 
produce hypotension, usually asymptomat- 


5 Elevations of liver enzymes have been reported. 
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Magnetic Resonance Imaging in 
Hypertrophic Cardiomyopathy 
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ated magnetic resonance imaging (MRI) was patients with HC, septal and posterolate 
erformed using a 0.35-Tesla cryogenic system in thicknesses were 2.2 + 0.8 cm and 1.3 +. 
patients with hypertrophic cardiomyopathy (HC) respectively, by MRI. The 2-D echocardio 
rder to define the site and extent of abnormal measurements for septal and posterolater 
all thickness. These studies were compared with were 2.4 + 0.6 cm and 1.4 + 0.7 cm, resp: 
imensional (2-D) echocardiograms. Gated The severity and distribution of abnorm 
agnetic resonance imaging studies in 12 normal thickness were comparable on 2-D echo : 
teers were used for comparison. In normal Gated MRI is an effective and completely 
ibjects and in patients with HC, the sharp demar- sive technique for demonstrating the presen 
ion of the myocardial wall permitted measure- and extent of abnormal wall thickness in Н! 
ent of wall thickness. The thickness of the septal large field of view, ability to image directly i 
id posterolateral walls in normal subjects was 10.2 tiple planes, and discrete blood-endocardia 
.0.4 mm (+ standard deviation) and 10.8 + 0.5 faces are advantages for cardiovascular im: 
mm, respectively, whereas septal thickness in all 
ut 1 patient with HC was 15.0 mm or greater. In (Am J Cardiol 1985;55:1121- 


СА distinct advantage of gated magnetic resonance ination of the endocardial and epicardial interfa 
imaging (MRI) in cardiac disease is the sharp discrim- the myocardial walls.!-9 The presence and exten 

а thinning caused by evolved myocardial infarcti 

`. From the Department of Radiology and Medicine, University of California been demonstrated by gated MRI.® Gated М 


San Francisco Medical Center, San Francisco, California. This study 
ins в ed by grants from Diasonic, Inc., U.S. Public Health Service differentiated acutely infarcted from normali 


7 | 
ontract HV02928, and grants from the National Heart, Lung, and Blood dium in the beating heart." This technique sho 
itute, Bethesda, Maryland. Manuscript received October 1, 1984; be useful for defining the extent of a variet 

evised ишет received December 21, 1984, ке December abnormalities involving the myocarc ial wal 


quently, this study was undertak 
o 7 _ bility of MRI for evaluati 















































































ает the кусан was established by both 
| 2-dimensional (2-0) sector scan echocardiog- 
he echocardiograms were performed with a variety 
rcially available 2-D echocardiographic instruments 
5- or 3.0- MHz transducer. In 7 patients the diag- 
iso established by hemodynamic and angiographic 
18 The patients were 26 to 67 years old; 6 were women. 
unteers were 28 to 46 years old; 2 were women. 

4 patients with HC underwent electrocardiographic 
RI between May and December 1983 and the normal 
ts underwent the study between January and December 
Zach person gave informed consent. 

gnetic resonance imager and imaging techniques: 
ager was a cryogenic system operating at a field 
h of 0.35 which gave a resonance frequency for hy- 
of 15 MHz. This imager has been described in detail.” 
ple-plane selective irradiation technique was used for 
cquisition and sectional (plane) images were recon- 
using the 2-D Fourier transform technique. The re- 
ction matrix was 128 vertical X 256 horizontal pixels. 
lisplayed in 256 gray level with the brightest area 
enting the tissues with the greatest magnetic resonance 
int nsity. Spatial resolution was 1.6 mm. 

maging sequence was spin echo at echo delay times of 
36 ms. The repetition rate or interval between sets of 
requency pulses (TR) was determined by the subject's 
te and the decision by the operator whether to initiate 
nce for every heartbeat or for alternate heartbeats. In 
jects images gated to every heartbeat were obtained; 
itients and 7 normal volunteers transverse images gated 
' second heartbeat were also obtained. 

a for each sectional image were acquired during 512 
с cycles. Total imaging time varied from 5.1 to 8.5 
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Y (vertical) axis of the оош. ion matrix, and the таре 
of times the signal was averaged (4 in the current study). 
Multisectional imaging was accomplished by .sequentially 
irradiating 5 adjacent 7.0-mm thick (Z axis) tissue sections at 
100-ms intervals during each TR. Thus, the time required to .- 
apply each pulse sequence at all 5 sections was approximately: 
500 ms. For most patients the heart rate was such that the TR, ~ 
which was 600 to 1,000 ms, easily accommodated the time 
necessary for imaging 5 separate sections. The electrocar- - 
diographic gating unit and the specifics of its operation have i 
been described. a 

Image analysis: Five or 10 adjacent transverse tomo- . 
graphic images were obtained in all subjects; these images. 
encompassed the left ventricle from aortic valve to the apex. 
Five adjacent sagittal images were obtained in 2 patients and 
2 normal subjects. Five coronal images were obtained in 1 
patient and in 1 normal subject. Images were subjectively . 
analyzed to determine the presence, site and extent of the 
hypertrophic process. These images were examined to de- 
termine whether abnormal wall thickness was confined to a 
localized region of the upper ventricular septum, middle o 
the septum, the entire septum or other regions of the left. 
ventricle. The direction of imaging planes relative to the an- 
atomic position of the heart and the orientation of images in E 
each plane are depicted in Figure 1. ds 

With the multislice imaging technique used for gated. jt 
in the current study, only 1 of the 5 tomographic images со 
formed to end-diastole. This image corresponded to an image 
initiated with the R wave of the electrocardiograph. Eai 
tomographic i image was offset in time by 100 ms from: ] 
adjacent image. Consequently, end-diastolic measurement 
of wall thickness could be obtained for only a single tomo- 
graphic image of each multislice series. On an end-diastolic 
image obtained at a transverse level just caudal to the mitral 
valve, the thickness of the septal and posterolateral (posteri 
half of the lateral wall) walls was measured. The ratio of the ` 
anteroposterior diameters of the left atrium and base of the. 
aorta were determined on systolic images. Because of the 
nature of the gating technique, i images could not be obtainec 
precisely at end-systole in most patients. Definite left atrial 
enlargement was considered to be present when the ratio was _ 
1.5 or greater. The MRI measurements were made without ; 
knowledge of the echocardiographic measurements. The MRI : 
measurements were made by 2 observers and by 1 of the ob- 
servers on 2 occasions and repeated at 3 weeks in order to... 
define inter- and intraobserver variability. Echocardiographic . 
measurements were made on parasternal short-axis views at 
end-diastole. These measurements were made by 2 experi- 
enced echocardiographers using the American Society of . 
Echocardiography standards. The minimal thickness of the 
septal and posterolateral walls were measured. The longitu- 3 
dinal extent of the hypertrophy was determined from 3 . 
short-axis views extending from the base to apex and the 
long-axis view and apical 4-chamber view.!9 т 


















































Results 


Normal volunteers: The internal architecture of the 
left ventricle was well defined on MRI and the wall of | 
all regions of the left ventricle could be evaluated using 
a combination of transverse (Fig. 2), sagittal (Fig. 3) and 
coronal images. Both the interface between the endo 
cardial surface and blood within the left ventricle, а 
the interface between epi ardi ( 


























GURE 2. Transverse magnetic resonance images of the 
ventricle in a normal volunteer clearly define the inner 
outer edge of the left ventricular wall. images were made 
the base (left) and through the middle of the left ventricle 
М). Arrow indicates posterolateral wall. 























The transverse images gated to end-diastole (Fig. 2) 
| ‘owed the similar thickness of the septal, anterior and 
lateral left ventricular walls. Sagittal images through 
‘the middle of the left ventricle in normal subjects have 
_ shown similar thickness of the septal and posterior walls 
ig. 3). The coronal image showed the thickness of the 
phragmatic wall as well as the posterior septum and 
teral wall of the left ventricle. 

-: Measurements of the thickness of the septal wall and 
| posterolateral wall of the left ventricle demonstrated 
"equivalent mural thickness of these 2 regions. The 
kness of the septal and posterolateral walls averaged 
2+ 0.4 mm (+ standard deviation) and 10.8 + 0.5 
mm respectively. The ratio of septal to posterolateral 
| wall thickness was 1.06. The intraobserver and in- 
-terobserver variability for these measurements was 3% 
id 7%, respectively. 

Hypertrophic cardiomyopathy: Gated MRI dem- 
nnstrated HC in 13 of 14 patients in whom this diagnosis 
id been previously established. ТҺе MRI study was 
mal in 1 patient. MRI demonstrated a wide spec- 
rum of distribution of abnormal wall thickness through 
e left ventricular myocardium (Table I). In all but 1 
tient, increased wall thickness involved the outflow 
region of the left ventricle; i in 8 patients it was limited 
хо the septal wall in the outflow region (Fig. 4). In 4 
patients abnormal wall thickness involved both the 
septal and anterolateral walls of the left ventricular 
outflow region, whereas the apical portion of the left 
ventricle was not involved (Fig. 5). In 1 patient hyper- 
trophy involved the septal and anterolateral wall in the 
-distal regions of the left ventricle, whereas the basal 
septum was normal. 

© MRI showed that the extent of involvement of the 
ерип was variable, involving only the basal septum 
just below the aortic valve (4 patients) (Fig. 4); the 
septum at the base and in the middle of the left ventricle 
4 patients); and the entire septum (4 patients) (Fig. 6 
and 7) or middle and apical regions of the septum (1 
tient). All but 1 patient had abnormal wall thickness 
зе basal septum. In this patient, MRI demonstrated 




















hickness of the upper septum but substantial — 
«ness of the mid- and distal septum (Fig. 2 

























6). Both MRI and 2-D echocardiographic studies: 
patient were consistent with the apical form i I 
trophic cardiomyopathy. | 

Left atrial enlargement was demonstrated 
in 6 patients. In these 6 patients, the ratio of the 
roposterior dimension of the left atrium to aor 
was greater than 1.5. In a patient with substantiz 
regurgitation associated with hypertrophic car 
opathy, the axial and sagittal images demons! 
markedly enlarged left atrium (Fig. 7). 

Comparison of magnetic resonance imagin 
2-dimensional echocardiograms: Comparison 
extent and distribution of the abnormal wall thi 
between 2-D echocardiography and MRI is shc 
Table I. These 2 techniques showed general арте 
in defining the distribution of abnormal wall thic К 
(Table I). An exception to this was 1 patient in w 
echocardiography showed slightly increased se 
thickness, whereas MRI showed normal thickness i 
regions of the left ventricle. Both studies showed 
the abnormal wall thickness was not confined tc 
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| TABLE | Comparison of the Extent of Hypertrophy Defined by Two-Dimensional Echocardiography and Gated Magnetic 


Resonance Imaging 
Echocardiography 
SWT PLWT 
WEE Pt (cm) (cm) Extent of SH LAE 
k 1 1.8 1.0 Basal - 
ү! 2 1.7 0.9 Basal - 
T 3 1.7 1.0 Basal, mid & - 
ki anterolateral 
D + 2.4 1.0 Basal, mid - 
a 5 3.1 2.6 Entire + 
d 6 2.6 1.5 Basal, mid + 
7 3.3 3.0 Basal, mid - 
8 2:7 1.5 Basal, mid + 
E 9 3.0 1.5 mid Е 
10 2.3 11 Ваза! = 
11 1.4 1.0 Basal - 
12 2.0 0.8 Basal - 
13 3.5 1.0 Entire & + 
anteroapical 
14 2.0 1.0 Mid, anterolateral + 
& apical 
. Mean 2.4 1.4 
| SD + 0.6 + 0.7 





Magnetic Resonance Imaging 


SWT PLWT 1 
(cm) (cm) Extent of LH LAE 
1.8 Ti2 Basal - 
1.0 0.9 None + 
1.6 1.2 Basal, mid & - 
anterolateral 
1.8 1.0 Entire & - 
anterolateral 
2.6 2.2 Basal, mid t 
ОЗТ 1.3 Basal, mid + 
2.9 2.0 Entire & - 
anterolateral 
2.2 1.0 Entire + 
2.9 2.4 Basal, mid - 
1.5 0.7 Basal + 
1.5 1.0 Basal - 
2.0 0.8 Basal - 
3.9 1.0 Entire & + 
anteroapical 
1.5 0.8 Mid anterolateral + 
& apical 
2.2 1.3 
+ 0.8 + 0.7 


N. EO EL ee 
` Echo = echocardiographic; LAE = left atrial enlargement; LH = left hypertrophy; PLWT = posterolateral wall thickening; SD = standard deviation; 


SH = septal hypertrophy; SWT = septal wall thickening; + = present; — = absent. 





FIGURE 4. Transverse magnetic resonance images of a 
patient with hypertrophic cardiomyopathy confined to the 
septal wall of left ventricular outflow region. Note the 
coaptation of the hypertrophied upper septum and the lateral 
papillary muscle. Level located just beneath aortic valve in 
diastole (left) show focal hypertrophy of the septum. Level 
located 1 cm further caudally (right) was obtained during 
systole and shows coaptation of the hypertrophied papillary 
muscles. 


FIGURE 5. Transverse magnetic resonance images ex- 
tending from the base (upper left) to apex (lower right) of the 
left ventricle of a patient with hypertrophic cardiomyopathy 
show marked thickening of the septal and lateral walls of the 
left ventricular outflow region. Transverse images in the 
middle of the left ventricle show greater thickening of the 
septal wall in the body of the left ventricle. 


basal region of the septum in most patients (Table I). 
The thickness of the septal and posterolateral walls was 
2.2 + 0.8 and 1.3 + 0.7 cm by MRI, whereas these mea- 
surements by 2-D echocardiograms were 2.4 + 0.6 and 
1.4 + 0.7 cm, respectively. The intra- and interobserver 
variabilities for these measurements from MRI were 3% 
and 8%, respectively. 


Discussion 


Distribution of hypertrophic cardiomyopathy: 
Previous studies using 2-D echocardiography or angi- 
ography have also demonstrated the site and extent of 
the abnormal wall thickness within the left ventri- 
cle.19-15 Although the early angiographic report sug- 
gested that it was limited to the outflow septum,!? 2-D 
echocardiographic studies, !°:!1-14.15 as well as the current 
study, reveal the variable distribution within the left 
ventricle in patient populations with HC. These studies 
suggest that there is a broad spectrum of distribution 
of abnormal wall thickness through the left ventricle. 
Maron et al!*:!° demonstrated 4 patterns of distribution 
by hypertrophy as gleaned from wide-angle 2-D echo- 
cardiography. These patterns are based on the combi- 
nations of involvement of only the anterior or the entire 
ventricular septum, the anterior septum and the ante- 
rolateral wall, or involvement of a portion of the septum 
other than the basal anterior septum. The most fre- 
quent pattern of distribution was hypertrophy of a 
substantial portion of the septum and a portion of the 
anterolateral wall. Because the classification by echo- 
cardiography is primarily based on an anatomic short- 
axis view of the left ventricle, the patterns of distribu- 


FIGURE 7. Transverse (left) and sagittal (right) images during 
late diastole in a patient with significant mitral regurgitation 
secondary to hypertrophic cardiomyopathy demonstrating 
hypertrophy of the entire muscular septum, normal thickness 
of anterolateral wall and substantial left atrial enlargement. 
Note the abrupt transition in thickness at the site of the 
atrioventricular portion of the septum (arrow). Sagittal image 
(lower right) shows the left atrial dimension is more than 
double the diameter of the base of the aorta. 
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FIGURE 6. Transverse magnetic resonance image in a patient with 
hypertrophic cardiomyopathy show hypertrophy involving the antero- 
septal and anterolateral segments of the left ventricle. 


tion demonstrated by the fixed orthogonal body planes 
used for MRI are not directly comparable to those de- 
fined in the prior echocardiographic studies. MRI in the 
current study displayed substantial differences in the 
longitudinal extent of septal hypertrophy among pa- 
tients and included a patient with isolated distal or 
apical hypertrophy. As noted by earlier echocardio- 
graphic reports,!415 hypertrophy was isolated to the 
basal anterior septum in a minority of patients. MRI 










- wall. However, MRI is encumbered by fixed body axis 
 tomograms, whereas echocardiography has the versa- 
- tility of infinite variations in the imaging plane. This 
plane variability for 2-D echocardiography allows 
` imaging along the axis of the heart, as well as the body, 
and the possibility of imaging in a plane perpendicular 
- to each of the cardiac valves. 

— In comparison with other imaging techniques, MRI 
. gives superior differentiation among various soft tissues 
апа organs. The proton magnetic resonance images 
. reflect the density distribution of protons, i.e., hydrogen, 
- in tissues and provide further tissue characterization 
` by showing the variation in T1 and T2 relaxation times 
of tissues. The spin echo technique used to generate 
images in the current study was responsive to both T1 
and T2 relaxation times as well as proton density. Dis- 
tinction between pathologic lesions and normal tissues 
` сап be changed by varying the pulse sequence used 
` to generate images in order to explore differences in pro- 
ton density and T1 or T2 relaxation times among 
` tissues.19.17 
—— An important concept for MRI of the cardiovascular 
` system is that the chamber of the normal heart and lu- 
` mina of blood vessels possessing blood flow at normal 
"velocity have an MRI signal intensity approaching 
- background intensity and appear black (flow void) with 
` most MRI pulse sequences.?:^1? This absence of signal 
` results in maximal contrast between the lumen and the 
` walls of the cardiovascular system and consequently 
` does not require the use of contrast media. Thus, MRI, 
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similar to echocardiography, but in contrast to com- 


puted tomography and digital subtraction angiography, 
is a completely noninvasive technique for imaging the 
cardiovascular system. 


17. 
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_ Radionuclide Assessment of Ventricular Contraction at Rest 3 
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and During Exercise Following the Fontan Procedure _—_ 
for Either Tricuspid Atresia or Single Ventricle m 


STEFANO DEL TORSO, MD, MICHAEL J. KELLY, MBBS, VICTOR KALFF, MBBS, — 


and ALEXANDER W. VENABLES, MD A 





Ventricular contraction was evaluated in 18 patients 
studied at a mean of 2.6 years after Fontan repair. 
The diagnosis was tricuspid atresia in 9 patients and 
single ventricle in 9. Gated first-pass and gated 
equilibrium radionuclide ventriculography were 
performed at rest and during exercise. Abnormally 
low ventricular ejection fraction (EF) at rest was 
present in 8 of 18 patients by the gated equilibrium 
technique and 6 of 13 technically adequate gated 
first-pass studies. An abnormal response to exercise 
(failure of EF to increase <5 % from rest to maximal 
exercise) was found in 10 of 16 patients by the gated 





The Fontan procedure! and its modifications?-4 have 
been used to treat a variety of congenital cardiac mal- 
formations, some of which had been previously con- 
sidered uncorrectable. There is increasing concern, 
however, about the long-term outcome after the Fontan 
operation, with particular regard to the cardiovascular 
response to exercise.’ Significant abnormalities in car- 
diac hemodynamics at геѕі,89 which become more sig- 
nificant with exercise,!?9!! have been documented at 
cardiac catheterization in asymptomatic patients who 
had undergone a successful Fontan procedure. There 
are few reports on ventricular contraction at rest!? and 
no systematic data on ventricular contraction during 
exercise after the Fontan procedure. We report the re- 
sults of an evaluation with radionuclide angiography of 
ventricular contraction at rest and during exercise in 18 
patients in whom the Fontan procedure had been per- 
formed for tricuspid atresia or single ventricle. 
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equilibrium technique and in 8 of 12 by the gated - 
first-pass technique. Only 2 patients by each ra- _ on 
dionuclide technique had both normal EF at rest and 
normal exercise response. Thus, this study confirms - z 
the frequent presence of abnormalities in ventricular € 
contraction after the Fontan procedure at rest or — 
during exercise or both despite absence of symp- — 
toms. Both EF response and the hemodynamic re- y 
sponse during exercise were more abnormal inthe _ 
presence of an atriopulmonary than an atrioven- 
tricular connection. 3 
(Am J Cardiol 1985;55:1127- -1182) 3 

Methods 3 

Study population: The study group consisted of 18 chil- - ; 
dren who had a Fontan operation performed between May - А 
1979 and March 1984. The preoperative anatomic diagnosis. jg 
of the 18 patients is summarized in Table I. The common 
anatomic feature in our group of patients was the presence of 
1 dominant ventricular chamber, which was of left ventricular 
(LV) type in 15 patients (patients 1 to 15) and of right ven- - "a 
tricular (RV) type in 3 (patients 16 to 18). Four patients had | 
pulmonary artery banding (patients 3, 4, 17 and 18) and all 5 
others had congenital pulmonary stenosis or atresia. 

Twelve patients were boys and 6 were girls. The mean age _ 
at operation was 9.2 years (range 4.8 to 18.6). The mean age _ 
at the time of the study was 11.8 years (range 7.3-18.8) and 
the mean time since operation was 2.6 years (range 0.2 to 5.0). — 
In 6 patients (patients 1 to 6) an atrioventricular connection = 
had been created at surgery, in 1 patient using а 20-mm Da- 4 
cron? conduit. In the other 12 patients an atriopulmonary | 


anastomosis was performed, in 1 patient inserting an aortic | 
homograft. 3 
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Data from postoperative cardiac catheterization were — 
available for 10 patients. No significant gradient (22mm Hg) _ 
between right atrium and pulmonary artery was found. The É 
right atrial pressure averaged 16 mm Hg (range 10 to 22) and ~ 
the mean mixed venous oxygen saturation was 66% (range 60 _ ji Ў 


to 76%). The systemic агата охувеп saturation was normal rs 
ir 825% e^. : 
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individual Patient Data 
1 
2 
3 
4 
5 
6 
; 7 
8* 
9 
10 
11 
12 
13 
4 
5 
16 
17 
18 


concordant 
ventriculo- 
arterial 


, right 
ventricular type 


Mean + SEM 
* implanted pacemaker. 
О» Sat. = oxygen saturat 
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heart, left 
ventricular type 


Anatomic 


D 
Tricuspid atresia, 


heart 


Tricuspid atres 
Univentricular 


Preoperative 


TABLE | 











wid tp veg Bae T TEE ilte PRO а ET Кера, nep ia Petar sian To SE ot REO A 
veu Parenti 

ер Leese Ve MSAN ES AN TES БЫЗ Я УЕ ЕЎ 

M DESEE E RD RE z : 

Sane 

TEENS 

NER x SERO SEE 

EHH EST EEE REEDS SERE 


t na left ur upper lobe and li in the s rich 


lobe. Neither fistula was present preoperatively. 

eventeen of 18 patients had no exercise-limiting cardio- 
ular symptoms; in 1 patient (patient 17) the Fontan op- 
tion was performed relatively recently and exercise toler- 
ce is gradually improving. One patient had a preoperative 
ebrovascular accident with residual hemiparesis. At the 
ie of study, 2 patients were taking diuretic drugs because 
ccasional peripheral edema, and 3 were receiving antiar- 
thmic therapy because of recurrent supraventricular 
ycardia. One patient had an implanted pacemaker be- 

e of congenital complete atrioventricular block. 
even of the children had technically satisfactory 24-hour 
electrocardiographic recordings. Five patients had an ab- 


eivthimias: 3 had prolonged periods of junctional rhythm 
iroughout most of the recording, 1 patient showed ventric- 
ular extrasystoles and 1 second-degree atrioventricular block. 
Two patients had normal recordings. Liver function tests 
(liver enzymes, bilirubin and prothrombin time), performed 
in 13 patients, yielded normal results in all but 1 patient, who 
showed mild elevation of bilirubin. A liver biopsy, performed 
eoperatively in this patient because of persistent hepato- 
megaly, documented centrilobular fibrosis. 
xercise protocol: All patients were studied between 
juary 1984 and May 1984. The aim of the study was ex- 
ined to the parents and a detailed description was given 
he patients. Continuous supine graded exercise was per- 
med using an electronically braked bicycle ergometer 
mens Elema). The initial starting workload was either 100 
50 kpm/min, depending on patient size, with an increase 
ry 3 minutes by a further identical increment as tolerated 
fatigue. Blood pressure and heart rate were measured 
est, in the third minute of each workload and at maximal 
rcise. A single electrocardiographic lead was monitored 
ore, during and for 10 minutes after exercise. 
adionuclide ventriculography: Ejection fraction (EF) 
as recorded at rest and during the highest exercise workload 
ing both the right anterior oblique electrocardiographically 
ited first-pass radionuclide technique and the left anterior 
que electrocardiographically gated equilibrium technique. 
combined approach during exercise was made possible 
ће use of a biplane collimator (Cardiac Medical Systems 
p.), fitted to a low-energy mobile (LEM) small-field-of- 
v scintillation gamma camera (Siemens). The methods of 
cquisition and analysis have been described.!? 
In all cases the EF was calculated from the systolic decrease 
n net ventricular counts, using separately defined end-dia- 
tolic and end-systolic regions of interest. The lower limit of 
normal for EF at rest was defined as 55% for LV morphology, 
id as 45% for RV morphology.!415 EF response to exercise 
vas calculated as EF at peak exercise minus EF at rest; a 
Yormal EF response to exercise for both RV and LV mor- 
»hology was defined as an increase of 25% from rest to max- 
mal exercise.!5.16 
Statistical methods: EF values at rest and during maximal 
xercise were compared using a paired t test. Regression 
analysis was performed to correlate each of the clinical and 
he non—radionuclide exercise variables with EF at rest, EF 
maximal exercise and the EF response from rest to maximal 
xercise by both first-pass and equilibrium techniques. These 
SF values were then compared in patients with and those 
vithout B atresia on: in patients i in whom an atrio- 


vidual workload ‘achieved toget rw 
changes in heart rate and systolic blood 

rest to maximal exercise. There was no sign 
ference between the patients with LV (patien 
or RV (patients 16 to 18) morphology of the d 
ventricular chamber. 

Ejection fraction at rest: Technically s: sat 
EF measurements were achieved by one or 
technique at rest in all patients. Five first-pas 
were technically unsatisfactory, due to elec 
graphic gating malfunction in 2 patients and 
quate venous access in 3. The distribution of E 
with both techniques is shown in Figure 1. 

Ejection fraction response to exercise: Si: 
18 patients completed the exercise test. Tec 
adequate EF measurements both at rest and 
exercise were obtained by the equilibrium tec 
all 16, but by the first-pass technique in only 1 
Figure 2 shows the individual and mean change 
from rest to maximal exercise for both tec 
There was no statistically significant change 


(а) EQUILIBRIUM STUDY 


Ж DOMINANT CHAMBER RIGHT VENTRICULAR TYPE | 


(b) FIRST PASS STUDY 


NO OF PATIENTS 


70 75 


VENTRICULAR EJECTION FRACTION (9i 


FIGURE 1. Distribution of values for ventricular ejection fracti 
obtained by equilibrium and gated first-pass radionuclide te 
Values below the lower limit of normal are shaded as ind 
Star in the top panel indicates the 1 patient whose ejection 
between 45% and 55% without being classified as abno n 





EXERCISE 


FIGURE 2. Ejection fraction responses 
from rest to maximal exercise obtained 
by the equilibrium (16 complete data 
sets) and electrocardiographically 
gated first-pass (12 complete data sets) 
radionuclide techniques. 


fa) P OR А з: ox ercise by either technique, although wide individ 
variation was present. o£ 

In Figure 3 the individual changes in EF from. SN 
maximal exercise have been grouped accordin 
whether EF decreased by 596 or more, did not change 
significantly or increased by 5% or more. Eleven of 12 
patients with complete data from both first-pass and 
equilibrium techniques showed concordant results fo 
the presence or absence of a normal response (increase 
25%) during exercise (3 normal and 8 abnormal) 

Of the 8 patients with an abnormal EF at rest by 
equilibrium technique, 4 showed a normal respon 
exercise. Of the 5 patients with an abnormal EF at rest 
by the first-pass technique, 2 showed a normal response 
to exercise. One patient in each group did not exercise 
Of the patients with a normal EF at rest 8 of 10 by t) 
equilibrium technique and 5 of 8 with the first-pas 

(b) FIRST PASS STUDY technique showed an abnormal response to exercise. 
(12 PATIENTS) Thus, most patients had either abnormal ventricula 
contraction at rest or abnormal response to exercise 0 
both: only 2 patients by each technique had both norma 
EF at rest and normal exercise response. | 

Statistical analysis: T'he change in EF from res 
exercise was not significantly related to age at: 
cardiac operation, age at Fontan procedure, curren 
time since operation, preoperative left atrial press 
and pulmonary-systemic flow ratio, heart rate a 


——— Мында linear relationship ме 0. 57, p = 0.066) betweeri pr 
25% CHANGE <5% + 25% operative arterial oxygen saturation and EF at maximal 
exercise for the first- -pass M Patients v ЫЫ an 





exercise e (150 + 5 vs 123 m dumm Hy; р 0:002) than 
1 ients with single ventricle. 


Discussion 


n this study abnormalities in ventricular contraction 
est and during exercise were usually present after the 
ntan procedure in patients with tricuspid atresia or 
gle ventricle, despite absence of exercise-limiting 
'mptoms. The anatomic characteristics of these pa- 
jents created some difficulties in the acquisition and 
n the analysis of the radionuclide studies. Specifically, 
in 6 patients the separation of ventricular from atrial 
activity during equilibrium blood pool imaging in the 
odified left anterior oblique view was suboptimal. Use 
of a biplane collimator, together with the fact that only 
ventricle was present, enabled satisfactory delineation 
ventricular blood pool activity in the right anterior 
yblique view in these patients. The combined use of 
t-pass and equilibrium studies, avoiding theoretical 
alls specific to either technique,!’ provided techni- 
y analyzable data in all patients. 'The substantial 
eement found between EF results with the 2 tech- 
ues strengthens the validity with which conclusions 

-be drawn from our data. 
Our results for ventricular contraction at rest are in 
keeping with earlier data,!? which have documented 
ipaired LV contraction at rest after the Fontan pro- 
e. This finding has increased the necessity for 
urate assessment of exercise performance in these 
patients.’ Two studies have examined the hemody- 
nic response to exercise in patients after the Fontan 
yrocedure. Shachar et al!! studied 5 patients with tri- 
spid atresia by cardiac catheterization and found that 
stemic venous pressure was increased and cardiac 
Itput, stroke volume and mixed venous oxygen satu- 
on were decreased both at rest and during exercise. 
e findings did not correlate with the clinical status 
se patients, who were all asymptomatic. Abnormal 
10dynamic values at rest and after exercise have 
y been reported by Hellenbrand et а! in 7 patients 
. the Fontan procedure for diverse cardiac 

t normalities. 

- No systematic data have been published on ventric- 
lar contraction at rest and during exercise after Fontan 
epair. Our data have documented for the first time by 
parate techniques that most of these patients have 
rmal ventricular contraction during exercise. In a 
minary report of a radionuclide exercise study 
jased on a group of 20 patients with tricuspid atresia, 
er et al!? included only 4 patients who had un- 
one Fontan repair, without separately indicating 
eir results. However, their data demonstrated, as did 


lation between rest or exercise measurements of 
tr icular COUCHER and exercise oe Vien A similar 


Heart rate (beats/min) 
Rest 
Exercise 
Systolic blood pressure (mm Hg) 
Rest 
Exercise 
Workload (kpm/kg/min) 
Ejection fraction (%) 
Equilibrium 
Rest 
Exercise 
First pass 
Rest 
Exercise 
Rest-exercise 
Ejection fraction 
Response! 
Equilibrium 
First pass 


* р < 0.05. 
Values are mean + standard error of the mean. 
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function. Thus, our data indicate that abnor 
in ventricular contraction during exercise aren 
very common in clinically well patients after the 
procedure, but that they cannot be predicted fr 
ercise capacity or measurements of ventricular 
traction at rest. 

It is still unclear to what extent these freque 
normalities of cardiac function present postopera 
should be considered among the long-term com 
tions of the surgical procedure, or whether th 
reflect the expected progress of the natural hi: 
the underlying cardiac defect. Before the Font 
cedure the dominant ventricular chamber func 
the only effective pump for both the systemic a 
monary circulation. This unique hemodynami 
causes an increase in ventricular volume, which ha: 
described to occur as early as 1 week of age in p 
with tricuspid atresia.? LV dysfunction has be 
related to the duration and magnitude of th 
ume overload???4 after surgical shunts or to chr 
hypoxemia.2° 

In our patients there was a suggestive relation 
tween preoperative aortic oxygen saturation and 
or exercise EF values. This finding supports the p 
bility that the abnormalities of ventricular fune 
both at rest and during exercise found in this a 
other reports after the Fontan procedure may have 
present preoperatively as a consequence of hypoxe 
and not affected by the surgical procedure despi 
substantial clinical improvement. Sanders et al? 
umented LVEF at rest before and after the Foi 
procedure in 11 patients with tricuspid atresi: 
found no overall change i in mean EF values, al 
the EF decreased in 1 patient after operation. 
data are required to clarify. this matter. № 


| measurements з of ventr ct 





vaseline for postoperative cm 


| ta with a dominant chamber of RV 

its 16 and 18) performed the exercise test. 
rest in patient 18 was the lowest of the entire 

‘his information is insufficient to permit a 
onclusion concerning ventricular dysfunction 
Fontan procedure when the dominant cham- 
'RV morphology. However, the relative inability 
ight ventricle to cope with a systemic load, as 
d to occur after the Mustard procedure,!?: 19,20 
ye enhanced by the chronic hypoxia and ven- 
ar volume overload present in these patients 


et al? reported that the lack of flexibility of the 
dependent circulation may affect the long-term 
ascular performance, especially if an increase in 
ary resistance or significant LV dysfunction 
yps. A right ventricle-dependent pulmonary cir- 
on may be preferable when an obstructionless 
ntricular connection can be obtained? but the 
ficial role of the ventricle has not been proved.? The 
rom our patients showed the EF response to ex- 
in the equilibrium test to be significantly better 
resence of an atrioventricular connection than 
pulmonary connection (Table II). 
is study the mean age at operation was 9.2 years. 
sible that performing an appropriate shunt in 
„in selected patients, followed by a Fontan 
ure at an earlier age, reduces the prevalence of 
stoperative abnormalities in ventricular function 
creasing the hypoxemia and the duration and 
gnitude of the volume overload of the ventricle. 


owledgment: We thank Vivienne Mavriopoulos for 
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To evaluate the hemodynamic factors associated 
ith treadmill-induced ST-segment depression in 
ildren with valvar aortic stenosis, 12 patients 
an age 13 years) with ST-segment depression 
ng treadmill exercise and 5 patients (mean age 
fears) without ST-segment depression during 
dmill exercise underwent exercise testing during 
ardiac catheterization. The left ventricular (LV) 
stolic pressure and LV outflow tract gradient at 
rest (177 + 25 vs 138 + 8 mm Hg and 59 + 18 vs 23 
- 7 mm Hg, respectively) and corresponding 
ressures during maximal supine exercise (248 + 
vs 189 + 17 mm Hg and 112 + 34 vs 52 + 14 mm 
9) were significantly greater (p <0.01) in the pa- 

































he noninvasive evaluation of patients with valvar 
tic stenosis (AS) frequently includes exercise 
admill testing.! Correlation of the severity of the left 
entricular (LV) outflow tract gradient has been made 
ith the systolic blood pressure response,?-* the de- 
crease in R-wave amplitude? and with significant (0.10 
mV or more) ST-segment depression during maximal 
- exercise.” Although the cause of ST-segment depres- 
-sion during maximal exercise is unknown, it has been 
hypothesized to be the result of subendocardial ische- 
ia.9-? Because direct measures of subendocardial 
blood flow are difficult to make in humans, the LV-O» 
© supply-demand ratio has been used to estimate the 
+ adequacy of LV subendocardial blood flow.?-!! Several 
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Hemodynamic Determinants of Exercise-Induced : 
ST-Segment Depression in Children | 
with Valvar Aortic Stenosis 
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; children, aged 5 to 17 year 














tients with exercise-induced ST-segment 
sion, although overlap existed. The LV-O. 
demand ratio during maximal supine exercise 
significantly less (6.4 + 2.7 vs 11.8 + 0.7; | 
in patients with than in those without exer 
duced ST-segment depression. In fact, a 
supply-demand ratio less than 11.0 wi 
sensitive and specific in predicting treadmill-ini 
ST-segment depression. These results sugi 
although the development of ST-segment de 
during treadmill exercise is related to LV 
pressure and LV outflow gradient, its majo 
dynamic determinant is the LV-O, supply-d 
ratio. (Am J Cardiol 1985;55:113: 






































investigations have shown that patients with 
ST-segment depression at rest on the electrocar 
have an altered LV-O; supply-demand ratio.!?- 
study further evaluates the hemodynamic determ 
of treadmill exercise-induced ST-segment de 
in children with AS with special reference to the 
supply- demand ratio at rest and during maxim: 
cise. 





















Methods 


From January 1980 to July 1983, 17 children wit 
no ST-segment depression on a 12-lead surface electr 
ogram at rest underwent cardiac catheterization at t 
vesity of Michigan's C.S. Mott Children's Hospital t 
Study Unit. Treadmill exercise (Bruce protocol) w 
formed 24 hours before cardiac catheterization. Elec 
diographic leads II, aVF and Vs were continuously mo 
and blood pressure was monitored using an automatic: 
cuff system (Critikon model 1165) at all айз UE exe 
during recovery. = 

The patients were classified into 2 groups 2 ассо C 
response during treadmill exercise. 


















































“it: depression during кош treadmill 
nt 13 had undergone previous aortic valvotomy 
о. райепі had significant aortic regurgitation ог 


dynamic studies: Cardiac catheterization was per- 
all patients in the supine position after premedi- 
with morphine sulfate intramuscularly (0.1 mg/kg, 
5.0 mg) and diphenhydramine orally (1 mg/kg, 
m 50 mg). Using the percutaneous technique, 3 
ers were placed for pressure monitoring. In all patients, 
dilution catheter was positioned in a branch pul- 
artery and a pigtail catheter was positioned in the 
g aorta. In 12 patients, a second pigtail catheter was 
through the left femoral artery and positioned in the 
tricle, whereas in 5 patients the transseptal approach 
ed to monitor LV pressure. All patients were given 
1.(100 units/kg body weight, maximum 2,000 units). 
namic measurements of the right and left side of the 
'est included simultaneous pulmonary artery, LV and 
essures using Statham pressure transducers and re- 
on an Electronics for Medicine optical recorder at 
peeds of 50 or 100 mm/s; pulmonary blood flow (using 
hermodilution catheter and an IL cardiac output 
r); hemoglobin concentration; calculation of arterial 
tent (1.36 X hemoglobin X arterial О» saturation); 
jn of aortic valve area using the formula of Gorlin and 
nd calculation of LV-O» supply-demand ratio." 
erc ise protocol: All patients underwent supine bicycle 
try exercise until exhaustion with simultaneous mea- 
nt of pulmonary artery, LV and aortic pressures. The 
e protocol consisted of 4-minute stages with an initial 
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wer made between the third and fourth minu! Ag 
consisting of heart rate, pulmonary artery, LV and aorti 
pressures, cardiac index, pulmonary artery saturation and 
calculation of LV-O» supply-demand ratio. 3 

LV-O» supply-demand ratio: The LV -Ox supply- demand 
ratio has been demonstrated to estimate the adequacy of LV 
subendocardial blood flow when the blood vessels аге maxi- © 
mally dilated.1® It is the ratio of the diastolic and systolic . 
pressure time indexes multiplied by the arterial О» content. 
The diastolic pressure time index is an estimate of coronary. 
blood flow to the LV myocardium and is calculated by inte- 
grating the area between the aortic pressure curve and LV 
pressure curve from aortic valve closure to aortic valve 
opening. The systolic pressure time index is an estimate of the 
oxygen demand of the LV myocardium and is calculated by. 
integrating the area beneath the LV pressure curve during LV. 
ejection (Fig. 1).9 | 

Statistical analysis: Statistical analysis was бео 
using the 2-tailed nonpaired Student t test and the Bonferron 
correction for multiple t tests. Stepwise regression analysis 
of the data was performed to determine the most highly cor- 
related variable to the development of ST-segment depres- 
sion, as well as to the LV-Os supply-demand ratio. ыш are 
given as mean + standard deviation. | 





































Results 


Treadmill exercise test: No significant differer 
were present between patients with or without S 
segment depression with respect to endurance, he: 
rate at rest or during maximal exercise or. chang 
in systolic blood pressure during treadmill exercise 
(Table I). | 





FIGURE 1. Left ventricular-O, вйрр; 
demand ratio at rest and during maxima 
exercise. Note pressure scale change fror 
rest to maximal exercise. C = arterial 05 
content; C-DPTI/SPTI = LV-O2 suppl 
demand ratio; DPTI = diastolic pressur 
time index; LV = left ventricle; PA =-pul- 
monary artery; SPT! = systolic press 
time index. E 






















Body Surface Area 
(m?) 


Age 
(yr) 


к 


| Heart Rate 
(beats/min) - 


Duration 
(min) 


Rest Exercise 


ST-Segment Depression 


O 0-004 wn a 
oth ол їр М о со 
сф O O O O MO 


чий کس‎ Му eo RP Cod ل‎ мА м4 мА خمد ست‎ 
* r * r * * = * .- L4 » > 


12.6 + 3.0 1.47 + 0.43 


10 
13 
17 
17 
17 
15 
11 
13 
14 
12 
15 
17 


14 + 2.3 


70 168 
205 
191 
185 
189 
155 
148 
172 
202 
180 
184 
180 


77+ 11 180+ 17 


No ST-Segment Depression 


15 


13.2 + 3.2 1.38 + 0.27 


SD = standard deviation. 


Hemodynamics: The hemodynamic data at rest and 
uring maximal supine bicycle ergometry exercise are 
ummarized in Table IT. The LV systolic pressure at rest 

+ 25 vs 138 + 8 mm Hg) and during maximal su- 

е bicycle exercise (248 + 37 vs 189 + 17 mm Hg) were 
gnificantly greater (p «0.01) in patients with tread- 

ll-induced ST-segment depression. The LV outflow 

| gradient at rest (59 + 18 mm Hg vs 23 + 7 mm Hg) 

nd during maximal supine bicycle exercise (112 + 34 
Hg vs 52 + 14 mm Hg) were also significantly 
ater (p «0.01) in patients with treadmill-induced 

-segment depression (Fig. 2). 

LV end-diastolic pressure at rest was similar between 

» 2 groups, whereas LV end-diastolic pressure during 

iximal supine bicycle exercise (25 + 8 mm Hg vs 13 

3mm Hg) was significantly greater (p <0.05) in pa- 

nts with treadmill-induced ST-segment depression 
Table I, Fig. 2). In fact, the LV end-diastolic pressure 
acreased more than 2 mm Hg from rest to maximal 
xercise in 11 of 12 patients (92%) with treadmill-in- 
uced ST-segment depression, whereas it did not in- 
crease in any patient without treadmill-induced ST- 
segment depression.!? 
.'The aortic valve area indexed to body surface area 
as significantly less in those patients in whom ST- 
segment depression developed at maximal treadmill 
xercise (0.60 + 0.16 cm?/m? vs 0.80 + 0.15 cm?/m?, p 
0.05), though overlap existed. 
-The LV-O; supply-demand ratio during maximal 
upine bicycle exercise (6.4 + 2.7 vs 11.8 + 0.7, p <0.005) 
as significantly less in patients with treadmill-induced 
! segment depression (Fig. 3). No overlap existed 


16 
10 
14 
11 
18 72 

13.8534 8347 


ng maximal exercise. е. Using. 5 


83 188 


82 188 

85 164 

91 195 
205 

188 + 15 


segment depression was the LV-Os suppl 
ratio during maximal exercise (r = 0.65, p <0. 
addition of LV systolic pressure at rest (г =. 
| m or LV outflow tract gradient at rest (т = T 

47) did not contribute to predictive value of th 
ian demand ratio. 

Further analysis of the determinants of the 
supply-demand ratio using a stepwise regressio 
ysis demonstrated that the variables that we 
predictive of the LV-O» supply-demand ratio i 
patients with treadmill-induced ST-segment dep: 
were LV systolic pressure (r = 0.83, p <0.05).a 
ratio of the diastolic filling time to the systolic e 
time (r = 0.89, p <0.05) during maximal supine 
exercise. The change in diastolic filling time f 
to maximal supine bicycle exercise decreased 
more in patients with treadmill-induced ST-s¢ 
depression (56 + 14% vs 52 + 3%). The systolic e 
time tended to be longer (0.18 + 0.03 vs 0.13 + 
second, p = 0.09) during maximal supine bicycle 
cise in the 12 children with treadmill-induced S 
ment depression. 

No significant differences were seen during: j 
bicycle exercise in heart rate at rest and during m 
exercise, aortic pressure, cardiac index, stroke ind 
consumption, pulmonary artery saturation a 
end-diastolic pressure at rest between the 2 . 
(Table II). Comparison of supine and treadmill е 
heart rate at rest and during maximal exercise 
change in systolic blood pressure during exercisi 
reach statistical significance, although a trend: 
to have + a оме ieee ged heart rate during : 





psepueys = QS :uoneanjes Mope AIBUOWINd = 425 Yd !QINSSOId OIIOISAS JEMU YO] = Алл 3uerpej6 удел MOWING леүпо!диәл Yo] 
MIHU ЧӘ! = J-S ©О-АЛ ‘eunssaud DO}SPIP-Pus 1ejouqueA YA = dOAA‘] ‘OSIO10X@ = X3 euin uonoefe DIOSAS/9UWN Bui Hoep 


6+ 
SP 
yv 
vt 
Or 
99 
LS 


oF 
РР 
LY 
0S 
£v 
е9 
144 
8t 
Or 
LE 
0S 
LP 
6€ 
OF 


ior 


811 
621 
Sib 
єн 
Жї 
сіі 


-H 


+ 
› 


y 


* 
* 


E] 
ы 


* = 
. + 


+ 


+ 


> 
4 


ез сч сч єч Oo сч UO О ч 00 MO со СО 


омс © cO суму GOK O со O (NI 


Ф O сч О оо со © Qf О + О «t f 
OOO KOR f. DE MO FT 


re 
ere Ee 


Et OF 
£91 
021 
002 
£v 
Li’? 
Set 


66 OF 
tok 
Lv 
LLL 
001 
981 
9/0 
бє 
00°L 
680 
БЕ 
661 
00+ 
cel 


Lo OF 
#61 


vol 


022 
902 
681 
6 


Lt OF 
861 
c82 
еге 
eS c 
981 
Д 
90'S 
6с 
cel 
£0 c 
821 
ОР 
cot 


il + 


eS 
08 
09 
of 
9p 
04 


{+ 


ee 
e£ 
Si 
8l 
Sc 
Sc 


+ 


6+ 
06/9+ 
ВЕ 
001 /cVl 
001 /OF1 
98/8Е1 
{8/86 
08/0 


uoisseidag шәшбәс-15 ON 


6+ 
98/2 F 

9EL 

001/091 

86/091 
98/0#ӮІ 
06/01 
08/911 
08/fcl 
02/021 
98/061 
98/891 
06/Svl 
06/911 
02/96 


9-F 
LZ/LET 
© 
ОДУ 
08/0tl 
89/211 
22/911 
79/001 


LIF 
94/8LT 
611 
S6/Svl 
06/01 
08/511 
589/011 
02/911 

55/88 

68/21 
08/021 
8/91 
84/021 
51/96 

ZŁ/vOL 


OF 


el 
HE 
OL 
SL 
LE 
9L 


+ 
vt 
Si 
ek 
vt 
vi 
9: 


pF 
Zl 
81 
Si 
vé 
81 
81 
81 
6t 
Si 
el 
0c 
ci 
ei 


+ 


681 
©61 
ооё 
021 
ДА! 
Olg 


LEF 
Sto 
09¢ 
Ste 
062 
Seg 
S8c 
S8l 
osz 
GBC 
042 
98е 
S46 
081 


+ 


Bet 
evt 
Srl 
Sel 
Ort 
Scl 


Sc 
LL 
002 
921 
891 
991 
002 
Sci 
961 
041 
012 
$81 
061 
tti 


6+ 


9v 
85 
LS 
9v 
6t 
LE 


8v 
£9 
1S 
Ov 
Lv 
9S 
iv 
9? 
66 
ev 
Lv 
LY 
ev 


'поцеләр 


= 139/140 ‘eunsseid ОНОЮ = dOV 
'S000» 4; ‘10°0> d; ‘so'o> d, 
NUS la a a ы ын E ы елны аалы et ae a ee tee сЕ ы obe SR 


-H 


MONKROR OOWODONS 
y~ 


> ч 


* 


Y 


* * * Ы 
+“ 


> 


WN ФФ О сч Ф Ф Ф сә Ф со со 


-H 


* 


‹Ф тє єч тє г< MATER QOAN 
РОСО КСО Сі TN ч Сә Со O 


+ 
114 
621 
981 
LZ 
09} 
881 


SL + 
eSt 
Ort 
091 
691 
Oct 
РӘ 
0S 

eel 
191 
GG 
951 
81 
LSL 


9+ as+ 
£8 ueejN 
28 Zt 
88 9L 
96 Si 
c8 vi 
£8 £l 


+ QS F 
c8 
8S 
v8 
89 
88 
84 
ід 
GL 
68 
cL 
06 
86 
801 


т" сч о) ү go Fm OM 


uoisseJdeq мәшбәс-15 


x3 X3 әң © X3 jeu ХЭ ән x3 sey x3 


(бн шш) 
аазлл 


sey хд әң X3 ән X3 ән X3 бән 


(бн ши) 
реж) LOAT 


(бн шш) 
dOV 


(бн шш) 
алі 


(uuu) — („шушш/5ләщ) 
Xepu| BYOHS хәри деррлегу 


synseH uoneznuejeuje) дереу Il алау 


(шш/5уеәд) 
әјеч иеән 


oney QS 
0-۸7 


13/1340 


1S Vd 



































E s ditte annia аан E i 3 sa asians КОКОС 
E б $ : 5 DU ES 












m 









A e x a 





ОК 
О 


3 
b 









x 



























H 
































E E Е с 
а E Н Б : 
ES st SRS ESAMI z ES 





SS. 


x 










H 


xm 
їй 


5 
m 
S 


D 


Ex 





9 
5 
© 
a 





A 
5 
d 
Ba 
t 


E 





MOULIN MAT wa 
Гем INC ЫЫТА 

































L¥- PRESSURE 
imm Mal 200 


з, 
d 
TAS 


ч 











2c 
SU 











ier. 7 


. FIGURE 2. Left ventricular (LV) pressure, LV to aortic gra- 
- dients (LV-AO), and LV end-diastolic pressure (LV-EDP) in 


-patients with and those without ST-segment depression 


: during maximal treadmill exercise both at rest and during 



















maximal exercise (Max Ex). Comparison is made between | 
he ST-segment vs no ST-segment depression groups (^p 
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andard deviation. | 
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Discussion 


LV outflow tract gradient at rest, presence of 
oms and the development of ST-segment de- 
in during exercise are the 3 major variables con- 
before recommending an aortic valvotomy in a 
vith AS. Despite the widespread clinical use of 
egment depression during exercise as a criterion 
ability in the child with AS, a comprehensive 
t on its genesis has not been established. 

he present study, the LV pressure and the LV 
tract gradient at rest and LV outflow tract 
it and LV systolic and end-diastolic pressure 
maximal supine bicycle exercise were all helpful 
rentiating patients who had ST-segment de- 
during treadmill exercise, although consider- 
rlap did exist (Fig. 2). An LV outflow tract 
it at rest of more than 50 mm Hg was present in 
f 12 patients (58%) with ST-segment depression 
treadmill exercise. This observation is in 
ment with the data reported by Chandramouli et 
id confirms that resting gradient alone is not the 
terminant of whether ST-segment depression 
s with exercise. An even greater overlap between 
its with and without treadmill exercise-induced 
segment depression was observed for other hemo- 
imic determinants including: LV systolic pressure, 
nd-diastolic pressure, aortic pressure, cardiac 
‚ heart rate or stroke index at rest and during 
imal supine exercise. In fact, no single hemo- 
mic measurement was both 10096 sensitive and 
ic in predicting the development of significant 
gment depression during maximal treadmill ex- 


















> a stepwise regression analysis, the LV-O; 
demand ratio during maximal exercise was the 
edictive measure of the development of ST de- 
n during treadmill exercise. LV- О» supply- 
nd ratio during maximal supine exercise of more 
1 was both 100% specific and sensitive in pre- 
g which patient would not have significant ST- 

nt depression during maximal treadmill exercise. 

act, only 2 children (17%) who did have ST-segment 
sression had an LV-O»; supply-demand ratio during 
ximal exercise of more than 10.0. Our observations 
n keeping with those reported by a number of in- 
gators who have demonstrated that patients with 
d ST-segment depression on electrocardiography 
have an altered LV-O; supply-demand ratio.12-16 
lition, Rosenthal et al?? demonstrated that iso- 
handgrip increases the LV work in children; in 
ith AS, isometric handgrip also frequently de- 
s the LV-Os supply-demand ratio to low 





d relation between LV- О» supply- 
g maximal supine exercise and the 





Se mille exercise j 


t depression during tread- e с _ Aust NZ J Med 19: $9 









1 игр 

have shown that. when the coronary. blood ves sel 
maximally dilated, the LV-Os supply-demand. 
accurately estimates the adequacy of LV subendoc 
dial blood flow.!?-16 Since the calculation of the LV-O: 
supply-demand ratio includes the measurement of L 
systolic and diastolic pressure, aortic pressure and hear 
rate as expressed by ejection and filling times, these 
factors are probably the important determinants 
coronary blood flow in patients with AS. Using stepwi: 
regression analysis the 2 factors that are most predicti 
in a child with AS in whom ST-segment depressior 
develops during treadmill exercise are the decrease in 
the ratio of diastolic filling time to systolic ejection time 
and increase in LV systolic pressure. 

Even though differences exist between supine and 
upright exercise (including higher LV end-diastolic 
pressure, end-diastolic volume and stroke index, and 
lower heart rate and oxygen consumption both at rest 
and during maximal exercise), we believe the conclu- 
sions drawn are valid, since in the 2 groups the magni- 
tude of change in these variables from rest to maximal 
exercise are similar. In addition, the decrease in 
pulmonary saturation to 44 + 7% is consistent with th 
achievement of maximal supine exercise, even though 
the maximal oxygen consumption during supine exer 
cise was not as large as with treadmill exercise. 
Therefore, we speculate that the sequence of events 
leading to exercise-induced ST-segment depressio 
children with AS is as follows: Because exercise pr 
duces little increase in aortic pressure, a significant it 
crease in LV systolic pressure, the LV myocardial ox) 
gen demand exceeds that provided by coronar 
perfusion. The decrease in coronary perfusion alon 
with the chronic LV hypertrophy alters the mechanisn 
responsible for cardiac contraction, resulting in pro- 
longed relaxation and decreased myocardial com] 
ance. The decrease in LV complicance promotes a 
crease in LV end-diastolic pressure, which inhib 
coronary flow from the endocardium and prod 
subendocardial zone of ischemia resulting in the 
acteristic ST-segment depression first recognized 
1918 by Bousfield.?* The data presented suggest the 
hemodynamic data obtained during exercise may ai 
in the management of patients with AS. In a patien 
with borderline hemodynamic criteria at rest for va 
votomy, the presence of an abnormal LV-O; supply 
demand ratio is used as an indication for surgery in ou 
institution. 
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п plete Transposition of the Great Arteries: Visualization - | 
of Left and Right Outflow Tract Obstruction by Oblique 
` Subcostal Two-Dimensional Echocardiography 


BRUNO MARINO, MD, GIUSEPPE DE SIMONE, MD, LUCIANO PASQUINI, MD, 
LVATORE GIANNICO, MD, CARLO MARCELLETTI, MD, ANTONIO AMMIRATI, MD, 
PAOLO GUCCIONE, MD, RENATA BOLDRINI, MD, and LUIGI BALLERINI, MD __ 


| oblique 2-dimensional echocardiography 
ormed in 64 infants younger than 2 years 
omplete transposition of the great arteries 
itus solitus, concordant atrioventricular and 
nt ventriculoarterial connections). All pa- 
examined before cardiac catheterization had 
, diagnosis by 2-dimensional echocardi- 
using the subcostal oblique views. Twelve 
S had associated left ventricular (LV) outflow 
Struction and 7 had right ventricular (RV) 
tflow obstruction. The standard parasternal views 
to diagnose obstruction in 1 patient with LV 


investigators have reported the anatomic and 
phic features of left ventricular (LV)? and 
ntricular (RV)? outflow obstructions in com- 
sposition of great arteries (TGA). Recent 2- 
па! echocardiographic (2-D echo) studies of 
ormation?-? allowed the anatomy of ventricular 
obstruction to be visualized from the subcostal 
1. We studied the accuracy of subcostal 2-D echo 
e planes for the diagnosis and categorization of 
types of TGA, with particular attention to cases 
struction of LV and RV outflow tracts. 


Methods 


ostal 2-D echocardiography was performed in 64 pa- 
zed 1 day to 24 months (mean 23 days), with TGA. All 
had situs solitus, concordant atrioventricular con- 
nd discordant ventriculoarterial connection. LV 
bstruction was present in 12 patients (1995); all but 


! айн of Pediatric Cardiology and Cardiac Surgery, 

ambino бези, Rome, Italy. Manuscript received August 27, 

ed Manuscript received December 7, 1984, accepted De- 
984. | 


о Marino, MD, Dipartimento Medico 


outflow obstruction and 5 with RV outflow obstru 
tion; the subcostal left oblique cut and long ax 
the left ventricle visualized all left-sided obs 
tions, and right-sided obstructions were corr 
displayed in 5 of 7 cases using a combination of lef 
oblique and right oblique cuts. Two-dimen 
echocardiographic subcostal oblique views allc 
an excellent definition of the morphologic chara 
teristics of RV and LV outflow tracts in patients wi 
TGA and improve the diagnosis of the outflow ob 
struction in these malformations. mor 
(Am J Cardiol 1985;55: 1140- i 


2 had an associated ventricular septal defect. RV ошӣ 
obstruction was present їп 7 patients (11%); all but 1 pat 
had an associated ventricular septal defect. Among the 
tients with Ry outflow obstruction, 6 (85%) had coaretatidi 
of the aorta. 

All patients with LV and RV outflow obstruction. we 
studied by 2-D echocardiography before cardiac catheter 
ization. Diagnoses were confirmed with angiocardiography 
In 6 cases pressure gradients were recorded at catheterization: 
Autopsy data were available in 12 cases. 

Echocardiography: The patients were studied with an 
A.T.L. mechanical sector scanner, using either a 3.5- or a 
5-MHz scan head. E 

To visualize the posterior semilunar root, we obtained a. 
classic long-axis view of the left ventricle from the subcostal 
approach, with cranial and slightly leftward angulation5$ (Fig 
1 and 2A). This is our projection of choice to detect the pres- 
ence and localization of ventricular septal defects. To assess 
the morphologic pattern of LV and RV obstruction, we also 
used 2 oblique cuts: (1) "Left oblique cut”56 (Fig. 3), obtained 
by a 70 to 80? clockwise rotation of the transducer head, with 
a parasagittal cut similar to the classic parasternal long-view 
axis of the left ventricle. With this projection v we simu 
neously displayed the pulmonary artery and the. : 


| RV outflow tracts separated 
ion 


pede Bambino о ee Piazza „Septum, and the relat 
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left atrioventricular valve is not inserted into the ventricular 
septum and is usually in continuity with the pulmonary valve; 
the right atrioventricular valve is inserted into the ventricular 
septum and is separated by the aortic valve. As a result, this 
view allows sequential diagnosis of TGA. (2) “Right oblique 
cut"9-11 (Fig. 4), obtained by a 40 to 50° counterclockwise 
rotation of the transducer head in an intermediate position 
between coronal and sagittal planes. With this projection we 
visualized the right atrium and the entire anatomy of the RV 
inlet, trabecular and outlet portions, the RV origin of the aorta 
and, posteriorly, the pulmonary artery. 


FIGURE 1. Subcostal long-axis view in 
a patient with transposition of the great 
arteries, ventricular septal defect and 
subpulmonary stenosis. A, the subpul- 
monary stenosis is a result of posterior 
and leftward deviation of the infundib- 
ular septum (asterisk). B, subpulmo- 
nary stenosis is a result of accessory 
fibrous tissue. LV = left ventricle; P = 
pulmonary artery; RV = right ven- 
tricle. 


FIGURE 2. A, Subcostal long-axis view 
in a patient with transposition of the 
great arteries, intact ventricular septum 
and subpulmonary stenosis resulting 
from bulging of the ventricular septum 
and systolic apposition of the mitral 
apparatus. B, right oblique subcostal 
cut in a patient with transposition of the 
great arteries, dextrocardia, intact 
ventricular septum (asterisk) and val- 
vular aortic stenosis. A — aorta; LV — 
left ventricle; P = pulmonary artery; RA 
= right atrium; RV = right ventricle. 


Results 


Using subcostal views, TGA was correctly diagnosed 
in all patients by direct visualization of the discordant 
ventriculoarterial connection. Adequate imaging of the 
LV outflow tract was achieved by the subcostal ap- 
proach in all 64 patients using the long axis of the left 
ventricle and the left oblique cut, while adequate 
imaging of the RV outflow tract was achieved in 62 pa- 
tients using the left oblique cut and the right oblique 
cut. 
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Left ventricular outflow obstruction: LV outflow 
obstruction was diagnosed by the subcostal long-axis 
view of the left ventricle (Fig. 1) and by the left oblique 
view in between, always with left oblique angulation 
(Fig. 5). LV outflow obstruction was also visualized in 
11 of the 12 patients by parasternal views. The ob- 
struction was caused in 5 patients by a posterior and 
leftward displacement of the infundibular septum (Fig. 
1A) and in 3 patients by accessory subpulmonary fi- 
brous tissue (Fig. 1B and 5); in 1 patient, with intact 
ventricular septum, the obstruction was dynamic and 
a result of bulging of the ventricular septum and ap- 
position of the mitral apparatus (Fig. 2A). One false- 





FIGURE 3. Anatomic-echocardio- 
graphic correlation in the left oblique 
subcostal view in a case with complete 
transposition of the great arteries, this 
cut is similar to the parasternal long- 
axis view of the left ventricle (LV). Note 
the mitral-pulmonary continuity and the 
discontinuity between the tricuspid and 
the aortic valve due to muscular sub- 
aortic conus. The tricuspid valve is in- 
serted into the ventricular septum while 
the mitral valve is inserted into the pa- 
pillary muscle. A — aorta; LA - left 
atrium; P — pulmonary artery; RV — 
right ventricle. 


positive diagnosis of LV outflow tract obstruction was 
made; in a patient with intact ventricular septum, the 
2-D echomorphologic pattern showed dynamic sub- 
pulmonary stenosis, but at cardiac catheterization there 
Was no pressure gradient. 

Right ventricular outflow obstruction: RV out- 
flow tract obstruction was correctly recognized in 5 of 
the 7 cases using the subcostal left oblique cut (Fig. 6) 
and the right oblique cut (Fig. 7) and in only 2 patients 
using the parasternal projection. In 4 cases the ob- 
struction was a result of anterior and rightward dis- 
placement of the infundibular septum? (Fig. 6A and B) 
and in 1 case with intact ventricular septum and dex- 


BER. SNR C m 


FIGURE 4. A and B, anatomic-echocardiographic correlation in right oblique subcostal cut in a normal subject. C and D (next page), anatomic- 
echocardiographic correlation in the same view in a case with complete transposition of the great arteries. A = aorta; LA = left atrium; P — pulmonary 
artery; RA = right atrium; RPA = right pulmonary artery; RV = right ventricle. 
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FIGURE 5. Anatomic-echocardio- 
graphic correlation in subcostal left 
Oblique angulation in a patient with 
transposition of the great arteries, 
ventricular septal defect and subpul- 
monary stenosis due to the fibrous tis- 
sue (asterisk). Abbreviations as in 
Figure 3. 


trocardia it was due to hypertrophy of the ventricular 
infundibular fold and to valvular stenosis (Fig. 2B). In 
2 cases RV obstruction was not directly diagnosed with 
these subcostal oblique views and the aortic infundib- 
ulum and ascending aorta could not be visualized. In 
these patients, angiographic and pathologic examina- 
tion showed severe RV outflow obstruction. No false- 
positive diagnoses were made. 





Discussion 

LV and RV outflow tract obstructions, which most 
frequently occur in the presence of ventricular septal 
defect but also with an intact ventricular septum, can 
greatly influence the natural history of complete 
TGA. 

Our results show that, in cases with TGA with LV 
outflow obstruction, a definitive morphologic 2-D echo 
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diagnosis and categorization are possible using a sub- 
costal long-axis view of the left ventricle and the left 
oblique cut. Moreover, the left oblique cut alone allows 
the diagnosis of TGA by the morphologic pattern of the 
atrioventricular valves and the origin of the great arte- 
ries (Fig. 3B). The false-positive diagnosis of subpul- 
monary stenosis was made in a patient with intact 
ventricular septum; according to other investigators, !?.1? 





VISUALIZATION OF LEFT AND RIGHT OUTFLOW TRACT OBSTRUCTION 


this is due to the small dimension and to posterior 
compression of the LV cavity. 

The right outflow obstructions are hardly recogniz- 
able, in our experience, using parasternal .2-D echo 
views. Using oblique subcostal views we visualized this 
obstruction in 5 of the 7 patients. In 62 of the 64 cases 
of TGA, using these subcostal cuts, we could visualize 
all components of the aortic infundibulum, the valve 


FIGURE 6. Anatomic-echocardio- 
graphic correlation in subcostal left 
oblique angulation in a case with 
transposition of the great arteries, 
ventricular septal defect and subaortic 
stenosis due to anterior and rightward 
deviation of the infundibular sep- 
tum (asterisk). Abbreviations as in 
Figure 3. 


FIGURE 7. Anatomic echocardio- 
graphic correlation in right oblique 
cut in a case with transposition of the 
great arteries, ventricular septal defect 
and subaortic stenosis due to the an- 
terior and rightward deviation of the 
infundibular septum (asterisk). Abbre- 
viations as in Figure 4. 
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ubxiphoid Two-Dimensional Echocardiographic : 
Identification of Tricuspid Valve Abnormalities 
in Transposition of the Great Arteries 
with Ventricular Septal Defect 


BARBARA J. DEAL, MD, ALVIN J. CHIN, MD, STEPHEN P. SANDERS, MD, 
. WILLIAM I. NORWOOD, MD, PhD, and ALDO R. CASTANEDA, MD, PhD 


id valve morphology was examined using 
hoid 2-dimensional echocardiography (2-D 
39 infants aged 2 years or younger who had 
position of the great arteries (TGA) and ven- 
eptai defect (VSD) (group 1). Age-matched 
jroups were 21 patients with simple TGA 

, 30 patients with VSD and normally related 
irteries (group Ш), and 15 normal patients 
IV). Valve abnormalities, consisting of 
attachments to the infundibular septum or 
ular septal crest, straddling, overriding or 
mbination of these, were identified in 25 of 
ents (64% ) in group I, no patients in groups 
nd 6 of 30 patients (2096) in group III. In- 
baffle repair was performed in 27 patients 

p | (median age at surgery 3.5 months) and 
ients in group Il (median age 4 months). 


rial baffle repair offers excellent results for pa- 
with d-transposition of the great arteries (TGA) 
itact ventricular septum.!? In contrast, surgical 
dity and mortality rates for patients with TGA 
entricular septal defect (VSD) remain several-fold 
r.^* In this population, tricuspid regurgitation 
with or without right ventricular dysfunction 
utes significantly to morbidity and late mortality 
"The presence of structural abnormalities of the 
uspid valve in patients with TGA and VSD has been 
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Preoperative right ventricular angiography, pe 
formed in ali patients with TGA, demonstrated tri- 
cuspid regurgitation (TR) with biventricular dy 
function in 1 patient in group І. After surgery, TR was 
present in 9 of 17 group І patients and none o 
group li patients who underwent catheterizatio 
patients in whom TR was not present preoperal 
had abnormal chordal attachments; 3 required уг 
replacement. 25 
These results demonstrate that tricuspid va | 
abnormalities are common in patients with TGA and 
VSD and may be identified preoperatively using 2-D 
echo. Patients with abnormal chordal attachme 
are at increased risk for TR after intraatrial baff 
repair and should be considered for arterial s \ 
repair. : 
(Am J Cardiol 1985;55: 1146-11 


documented in З large autopsy series.” The i imp 
tions of such anomalies for patients with subpulmonary 
stenosis who would otherwise be candidates for the 
Rastelli procedure have been discussed”; howeve 
structural abnormalities of the tricuspid valve may al: 
influence the surgical management of those patients 
without severe subpulmonary stenosis who underg 
intraatrial baffle repair and VSD closure. We presei 
our results using 2-dimensional echocardiographic (2- 
echo) analysis of tricuspid valve morphology in patients 
with TGA and VSD; we then compare these findings 
with those of patients with TGA and intact ventricular 
septum, with VSD and normally related great arteries, 
and with normal hearts. We also correlate the presence 
of tricuspid abnormalities with the results of surgery 
and postoperative cardiac catheterization. 


Methods 


Patients: Our study populat: 
consecutive patients with Tt 


а younger who underwent subx 















Surgery 








Total 26 7 


Senning 1 
Senning plus VSD closure? 21 












Jatene procedure 2 

Aubert’? procedure 

Pulmonary artery banding 3 

Rastelli 4 
Blalock-Taussig shunt 2 


* LVOTO defined as a gradient >40 mm Hg. 
LVOTO = 


rgery. Age-matched control groups consisted of 21 patients 
th TGA and intact ventricular septum (group II), 30 pa- 
ients with VSD and normally related great arteries (group 
III) and 15 patients with normal hearts (group IV). 

АП patients with TGA underwent preoperative cardiac 
theterization, including right ventricular angiography. One 
patient in group I had moderate TR and mitral regurgitation 
sociated with biventricular dysfunction before surgery. No 
itient in group II had TR. 

"Table I is a summary of the surgical procedures performed 
patients with TGA. The median age at total intraatrial 
fle repair was 3.5 months (range 0.5 to 32) in 27 group I 
atients, and 4 months (range 0.3 to 22) in 19 group H patients. 

The clinical course was reviewed in all patients who underwent 
ning repair; postoperative cardiac catheterization data 
ere available in 17 of 27 patients (6390) in group I and 8 of 19 
) in group IT. 

| Echocardiographic technique and analysis: Two-di- 
mensional echo was performed from the subxiphoid window 
nal | patients using either a Picker Echoview 80CI or a Di- 
onics Cardiovue 100 with 5.0-MHz short- and long-focus 
ansducers. At least 3 sweeps were performed in every pa- 
tient. "The first sweep was performed by starting in the 4- 
iamber view and angling the transducer progressively 
anially. The transducer was then rotated clockwise ap- 
'oximately 30? from the 4-chamber view, and the second 
ep was done by angling from the patient's right hip to left 
ulder. The transducer was then rotated further clockwise 
roduce a parasagittal view; the third sweep was from the 
base of the heart to the apex. 

` The i images of the tricuspid valve in these 3 sweeps were 
reviewed in slow motion and stop-frame modes. The frames 
` that displayed the number and position of the tricuspid valve 
leaflets and the location of chordal attachments were chosen 
for review. The positions of the attachments were noted, 

` especially those to the infundibular septum, the perimeter of 
the VSD or within the left ventricle. 


Results 


. Two-dimensional echocardiography: The normal 
- attachments of the tricuspid valve were most easily 
recognized in the subxiphoid short axis view and the 
: Subxiphoid long axis view (Fig. 1). There were attach- 
ments to the papillary muscle of the conus, to the an- 
terolateral papillary muscle and to a variable number 
of Ru papillary muscles. 
| 39 patients (64%) in group I had 
з of the tricuspid valve. No pa- 










































































Group | 
М LVOTO* None Fixed 





t Transatrial approach used in 20 of 21 patients. 
left ventricular outflow tract obstruction; VSD = ventricular septal defect. 


tricuspid valve. abnor- 2-6 patients died from 


S urg cal Procedures i in 1 Patients v with h Transpositio Tof 





Dynamic None Fixed - Dynamic Ae 
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malities. Six of 30 patients (2096) in group. п 
cuspid valve abnormalities. 
The types of tricuspid valve абирин 
group I were: chordal attachments to the infi 
septum or the ventricular septal crest in 24 
(62%), overriding of the tricuspid valve an 
(13%), straddling tricuspid valve with chorda 
ments to the left ventricular septal surface 01 
ventricular papillary muscle in 3 (8%), tricus 
tissue protruding through the VSD and prodi 
ventricular outflow tract obstruction in 1 pat 
and a cleft anterior leaflet in 1 patient (3%) 
In group III, 5 patients (17%) had chordé 
ments to the infundibular septum or ventricula 
crest, and 1 patient (3%) had a straddling 
valve. И 
The incidence of tricuspid valve abnormali 
related to the type of VSD present (Table IT). 
I both malalignment and atrioventricular ca 
VSDs were associated with a high incidence of al 
tricuspid valve attachments (65% and 100% 
tively). Similar but less striking results were 
group П: 5 of 16 patients (31%) with a mala 
type VSD, and 1 of 3 patients (33%) with atri 
ular canal-type VSD had abnormal attachmen 
group no patient with membranous or isolated 
VSD had tricuspid valve abnormalities. In 
tricuspid valve abnormalities were present i 
group I patients (45%) with membranous VSD 
of 3 patients (67%) with isolated muscular VS] 
Overriding or straddling of the tricuspid va 
predominantly associated with atrioven 
canal-type VSD. Four of 6 patients in group I: 
3 patients in group III with this form of VSD ha 
overriding (2 patients) or straddling (1 patient) 
(2 patients). | 
The incidence and type of tricuspid valve 
malities in group I were not related to the pres 
left ventricular outflow tract obstruction. Eig 
patients (62%) with significant obstruction and 
patients (65%) without significant л: 
abnormal tricuspid valve. 5 
Surgery: Group I: Six of 27 patiente. died 
the Senning procedure and. 
































































1148 TRICUSPID ANOMALIES IN TRANSPOSITION 


TABLE 1 Tricuspid Valve Abnormalities Versus Type of 
Ventricular Septal Defect (VSD) 


Type of VSD TGA and VSD Simple VSD 
Malalignment 13/20 (65%) 5/16 (31%) 
AVC 5/5 (100%) 1/3 (3396) 
Membranous 5/11 (4596) 0/9 (096) 
Muscular 2/3 (6696) 0/2 (096) 

Total 25/39 (6596) 6/30 (2096) 


AVC = atrioventricular canal; TGA = transposition of the great 
arteries. 


FIGURE 1. Top, normal 2-dimensional echocardiogram, subxiphoid 
short-axis view. Normally there are attachments of the tricuspid valve 
to the anterior (anterolateral) papillary muscle of the right ventricle and 
to a variable number of posterior papillary muscles. The papillary 
muscle of the conus is not seen. Bottom, normal 2-dimensional 
echocardiogram, subxiphoid long-axis view. The left ventricle shape 
is elliptical, verifying that this is a true long-axis view (compared with 
Figure 1, top). The papillary muscle of the conus is unusually prominent 
in this patient. Ant — anterior; ao — aorta; apm - anterior papillary 
muscle; a,r = anterior and rightward; inf = inferior; L = left ventricle; 
m = mitral orifice; post = posterior; р, = posterior and leftward; pm 
с = papillary muscle of conus; p pm = posterior papillary muscles; sup 
— superior. 





PDA and 2 from low output syndrome. Of the 3 who 
died from residual VSD, 2 had abnormal attachments 
shown by 2-D echo. There have been no late deaths in 
group I. Я 

Three patients needed reoperation іп the early 
postoperative period for severe TR; of these, 2 required 
valve replacement and 1 valvuloplasty. A fourth patient 
with moderate TR early in the postoperative period 
required valve replacement 3 years later. Structural 
abnormalities of the tricuspid valve were present in each 
of the 3 patients requiring valve replacement: 2 patients 
with atrioventricular canal-type VSD had overriding 
with chordal attachments to the infundibular septum 
and ventricular septal crest; 1 patient with a membra- 
nous VSD had a cleft anterior leaflet. The patient who 
underwent valvuloplasty had a normal tricuspid valve 
by 2-D echo but had tricuspid and mitral regurgitation 
associated with biventricular dysfunction preopera- 
tively. He was 1 of the 2 early deaths from residual 
VSD. 

In the patient who underwent a Senning procedure 
without VSD closure, surgical observation confirmed 
the presence of dense attachments of the tricuspid valve 
to the infundibular septum and ventricular septal crest, 
making surgical VSD closure difficult. 

Group II: There was 1 early death (5%); it occurred 
from low output in a patient who presented for the first 
time at 6 weeks of age with severe hypoxemia and aci- 
dosis and who underwent an emergency operation 
without balloon septostomy. Of the other 18 patients, 
none required reoperation, and there have been no late 
deaths. 

Postoperative cardiac catheterization: In group 
I, 7 of 27 patients underwent early (range 1 day to 1 
month, median 10 days) and 10 of 27 late (range 11 to 
34 months, median 12) postoperative cardiac cathe- 
terization. Of these 17 patients, 4 had normal tricuspid 
valve morphology on their preoperative 2-D echo; 1 had 
TR, which was present preoperatively. Thirteen of the 
17 patients who underwent postoperative catheteriza- 
tion had anomalous tricuspid attachments shown by 
2-D echo; 8 (62%) had TR (p = 0.03, Fisher exact 
test). 

In group II, 8 of 19 patients underwent late postop- 
erative catheterization (range 11 to 19 months, median 
12). None of these 8 had abnormal tricuspid valves re- 
vealed by preoperative 2-D echo. No patient had TR at 
postoperative catheterization. The incidence of post- 
operative TR was significantly different in group II 
compared with group I (p = 0.01). 

Autopsy: Group I: Of the 6 deaths among the 27 
patients who underwent Senning repair and VSD clo- 
sure, 3 patients’ heart specimens were available for 
autopsy examination. The 2-D echo finding of normal 
tricuspid attachments was confirmed in 2 patients and 
attachment to the infundibular septum (Fig. 2) was 
confirmed in the other. 

The heart specimen was also available in the patient 
who underwent a Senning procedure without VSD 
closure. He died suddenly at home, presumably from 
an arrhythmia. Two-dimensional echo correctly pre- 
dicted dense tricuspid valve attachments to the infun- 
dibular septum and ventricular septal rim (Fig. 3). 
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Four of the 12 patients who underwent surgical pro- 
cedures other than the Senning procedure died. Three 
heart specimens were available for autopsy examina- 
tion. Two-dimensional echo correctly predicted normal 
tricuspid attachments in 1 patient and attachments to 
both infundibular septum and ventricular septal crest 
in the other 2. 

Group II: Autopsy examination of the 1 death among 
the 19 patients with intact ventricular septum who 
underwent Senning repair revealed a normal tricuspid 
valve, as predicted by 2-D echo. 





FIGURE 2. Top, 2-dimensional echocardiogram, subxiphoid long-axis 
view. Attachments (small arrowheads) of the tricuspid valve to the 
infundibular septum (IS) and papillary muscle of the conus are visualized. 
Large arrowhead denotes ventricular septal defect (VSD) produced 
by malalignment of the infundibular septum vis-a-vis the trabecular 
septum(s). Bottom, opened right ventricle at autopsy examination, after 
the patient underwent Senning repair and VSD closure. Steel probe 
shows aortic outflow. Black arrow denotes infundibular septum. Black 
arrowheads mark the margin of the VSD patch, which appears perfectly 
placed. Attachment of the tricuspid valve to the infundibular septum 
is clearly shown. The anatomic hazards the surgeon encounters in 
closing a malalignment-type VSD from a transatrial approach can be 
appreciated. A — anterolateral papillary muscle of the right ventricle; 
FW = right ventricular free wall; В = right ventricle; S = trabecular 
septum; T — tricuspid orifice; other abbreviations as in Figure 1. 


Discussion 


In addition to anular overriding and chordal 
straddling, which have been described by numerous 
groups,!!-29 Jesser known but nevertheless surgically 
significant variations in tricuspid valve morphology 
have been documented in 3 pathologic studies of pa- 
tients with TGA and VSD.” Imamura et al? noted that 
tricuspid chordae tendinae were inserted directly onto 
the anterosuperior border of the defect in 56% of pa- 
tients with TGA, VSD and subpulmonary stenosis. 
Huhta et al? found chordal insertions to the infundib- 
ular septum or to the crest of the ventricular septum in 
27% of their collection of specimens with or without 





FIGURE 3. Top, 2-dimensional echocardiogram, obtained by marked 
cranial angulation from subxiphoid 4-chamber view. Note side-by-side 
great arteries and dense attachments (large arrowheads) of tricuspid 
apparatus to the infundibular septum (IS). Small arrowheads denote 
tricuspid leaflet tissue. Pulmonary trunk overrides the ventricular septum 
(S). Bottom, Opened right ventricle at autopsy examination, after 


Senning procedure without VSD closure. 1 denotes the aortic outflow 


and 2, in the pulmonary outflow, shows how pulmonary artery overrides 
the ventricular septum. Note dense attachments of tricuspid apparatus 
to the infundibular septum, making VSD closure extremely difficult to 
attempt. Ivot = left ventricular outflow tract; other abbreviations as in 
Figures 1 and 2. 








nts for the Rastelli op- 
ited data on TGA and VSD with 
ar outflow tract obstruction and pre- 
` fixed subpulmonary stenosis; 47% had 
ittachments to the infundibular septum. 
mensional echo identification of tricuspid 
hments to the infundibular septum has been 
i patients with normally related great arteries, 
coarctation.^! Our study confirms the con- 
variability among tricuspid attachments in 
with VSD and normally related great arteries. 
d regurgitation after transatrial VSD closure 
ts with normally related great arteries is rarely 
ynamically significant unless there is abnormal 
tricular loading, e.g., pulmonary vascular ob- 
ге disease or pulmonary regurgitation. 

3 described the echocardiographic appearance 
spid chordal attachments to the ventricular 
rest, left ventricular septal surface or left ven- 
-papillary muscle in patients with TGA and 
ricuspid attachments to the infundibular sep- 
re recently described in a patient with double 
{ right ventricle with subpulmonary malalign- 
type VSD,^ a lesion closely related to TGA 
SD. 

resent study using 2-D echo demonstrates that 
ous attachments of the tricuspid valve occur in 
mately two-thirds of all patients with TGA and 
з incidence higher than that reported in 3 pre- 
pathologic studies.” Moreover, the incidence of 
ous tricuspid attachments in patients with TGA 
D is much higher than in patients with VSD and 
illy related great arteries. Our 2-D echo analysis 
uspid valve morphology was confirmed by autopsy 
nations, illustrating the precision of echocar- 
phy in defining even subtle details of valve 









early death rate for intraatrial baffle repair and 
›вите in TGA has remained several-fold higher 
is for baffle repair alone in patients with intact 
ar septum.?^ Whether this difference is due 
spid valve abnormalities is unknown. The dif- 
in mortality rates might be due merely to the 
iental risk of repairing the VSD. Alternatively, 
alous tricuspid attachments might predispose a 
it to TR or residual shunting because of subopti- 
patch placement, thus increasing early mortality. 
udy cannot clarify whether tricuspid abnor- 
; account for the higher early mortality of rep- 
e surgery in patients with TGA and VSD because 
relatively small number of operative deaths in our 




















the DIRE hand, TR is well recognized to contrib- 
gnificantly to morbidity and late mortality in 
8 Our study confirms a significant difference in 
cidence of postoperative TR between groups I 
ossible causes for postoperative TR include: 
le. anatomic. и of the peas 








groups discussed | the | 








dysfunction. о | 
Right ventricular D pA ‘attributed to th 
questionable ability of the morphologic right ventricl 
to function as the systemic ventricle, is difficult toim- 
plicate as the principal cause of TR after intraatrial . 
baffle repair because the patients with TGA and intact. . 
ventricular septum, who uniformly had normaltricus- . 
pid attachments, did not demonstrate TR. We believe |. 
that the significant incidence of postoperative TR in .- 
patients with TGA and VSD is related to the difficulties 
these attachments create during VSD patch placement, |. 
and not merely to surgical retraction of the valve, be- 
cause there is a significant difference in the incidence. 
of TR between patients with anomalous attachments. 
(9 of 13) and those with normal attachments (non. 
of 4). : 
Because angiography rarely characterizes anomalous: 
tricuspid valve attachments, preoperative 2-D echo 
should play an important role in identifying this subset 
of patients with TGA and VSD at increased risk for TR. 
These patients may be better managed surgically by an. 
arterial switch procedure, 26-28 in which the tricus 
pid valve functions in the low-pressure pulmonar; 
circulation. 
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with Systemic Right Ventricle (Transposition of the G 
Arteries or Hypoplastic Left Heart Syndrome) 


ECKARDT TROWITZSCH, MD, STEVEN О. COLAN, MD, and STEPHEN Р. SANDERS 


producible, noninvasive method for estimating 
ht ventricular (RV) function would greatly facili- 
е evaluation of infants in whom the RV supplies 
'Stemic circulation. Therefore, 2-dimensional 
hocardiographically derived parameters, RV 
2a-change fraction and RV ejection fraction (ЕЕ), 
e evaluated in 19 preoperative infants (age 1 
days, mean 7 days), 12 with hypoplastic 
eart syndrome and 7 with transposition of the 
irteries. The area enclosed by the RV was 
sured in both a subxiphoid long-axis (coronal 
d short-axis (parasagittal plane) view. 

е measurements end-systolic and end- 
olumes were derived using Simpson's rule 

was calculated. The total area change 

S calculated as the average of the long 
Short-axis area change fraction. Similar 
surements were made independently from bi- 


ment of right ventricular (RV) function is com- 

cated by the irregular shape of the right ventricle and 
location behind the sternum. The anatomically 
rate inflow and outflow portions of the right ven- 

tle result in a complex configuration that does not 

le d itself to standard geometric models. Although 
merous methods have been reported for measuring 
RV volume," 5 most are either difficult to apply or rely 
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plane cineangiograms obtained within 3 da 
echocardiogram. The echocardiographicall 
EF and area-change fraction were comp 
the angiographic EF using linear regression a 
The echocardiographic EF (mean 49 +. 
— well with the angiographic EF (mean 
= 0.84). The echocardiographic area 
reaction was somewhat less closely correla 
the angiographic EF (r = 0.79). Comparin 
and long-axis area-change fraction to echo 
graphic EF, the short-axis measuremen 
better correlated than long-axis measurem 
= 0.86 and 0.75, respectively). Subxiphoi 
mensional echocardiography permits acc 
timation of RVEF in infants with a syste n 
ventricle. The area-change fraction provide 
estimate of EF without complex volume 
tions. (Am J Cardiol 1985;55:1 


on echocardiographic views which are difficult 
because of the location of the right ventricle. 
Because of these geometric limitations, the ; 
tion of Simpson's rule for volume calculatit 
proved to be the most accurate angiocardiog) 
method.» Similar difficulties have been expe 
using echocardiographic methods and attem 
overcome these problems have included the 
multiple imaging planes and contrast age 
Nonetheless, few data regarding the reliabili 
dimensional (2-D) echocardiographic methor 
timating the RV ejection fraction (EF) are av: 
neonates with congenital heart disease, especial 
in whom the right ventricle supports the syst 
culation. The present study compares e 


| graphic indexes with similar. angiograp 


ments in neonates and infar 


zt great arteries or hypopl 
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= Бобу surface area; IVS = intact ventricular septum; HLHS 
jlastic left heart syndrome; TGA = transposition of the great 
[SD = ventricular septal defect. 





Methods 


en neonates (1 to 30 days old, mean 7), 7 with 
tion of the great arteries and 12 with hypoplastic left 
idrome, who underwent 2-D echocardiographic ex- 
ion and RV angiography within 3 days of each other 
ded in this study (Table I). All echocardiographic 
tions were performed with an ATL Mark 600 echo- 
iph using a 5- MHz transducer. Àn anteriorly angled 
id long-axis view (coronal view of the right ventricle) 
ubxiphoid short-axis (parasagittal plane) view through 
outflow tract were used for estimating RV volume. 
ndocardial borders on 2-D echocardiograms were 
d using a Franklin Quantic 1200 Review Center. The 
istance between the pulmonary valve and the dia- 
c RV wall was taken as the long-axis dimension in 
Тһе end-diastolic frame was defined as that 
the largest area and end-systolic frame as that with 
lest area. The RV border was traced from RV cine- 
ms. using a Hewlett-Packard 9815A computer. The 
imension was chosen in a manner similar to that 
ibove for the echocardiographic measurements. The 
oe opening of the pulmonary valve was used as 

































xis siento dine views as (end-diastolic area — 


mii area) en end i dinstalie area. The long- and short-axis 
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nificantly (49.2 + 10.6 vs 50.6 + 12.0, Table II). The 
angiographically derived and echocardiographically 
derived ejection fractions were highly correlated (r = 
0.84) (Fig. 1A). 

Fractional area change: The mean total fractional 
area change derived echocardiographically and angio- 
graphically did not differ significantly (36.3 + 7.7 vs 35.6 
+ 9.5, Table II). The total fractional area change by the 
2 methods was also closely correlated (r = 0.73) (Fig. 
1B). The echocardiographically determined total frac 
tional area change was also highly correlated with the 
angiographic EF (r = 0.78) (Fig. 1C). 

Right ventricular volumes: Volumes at end-systol 
and end-diastole calculated by the 2 methods did no 
differ significantly (6.7 + 4.1 vs 6.9 + 4.0 and 12.8 + 6. 
vs 13.1 + 7.3, respectively) (Table II). The correlatio 
was less close than for EF or area change fraction (г > 
0.56 at end-systole and r = 0.65 at end- diastole), | 


































Discussion 


The angiographic estimation of RVEF in childre 1v 
initially calculated using Simpson's rule and area-lens 
methods.? These were highly correlated with measur 
volumes of postmortem casts, and the angiograp 
estimation of RV function has since been well vali- 
dated.!!-13 Several technical factors may influence the 
accuracy of the method.? A large bolus of contrast aget 
or a high injection velocity may lead to ectopic beat 
Incorrect radiographic enlargement factors or othe 
calibration errors may also influence the accuracy of th 
calculated volume. Finally, validation of angiograp 
methods in the newborn with hypoplastic 1 
syndrome or transposition of the great arter 
been performed. 

Echocardiography is an accurate noninvasive 
for calculating various RV functional p 
ters.6.7,10,14-17 Bommer et al!* compared RV long- a 
short-axis diameter measurements obtained fro 
4-chamber views with postmortem casts in 8 p 
and with angiocardiographic data in 50 patie: 
noted the higher accuracy of 2-D compared м 
mode echocardiography. Watanabe et al!” fo 
the RV “body volume” (RV inflow without 
tract), derived from apical 4-chamber view, wa: 
correlated with the corresponding angiocardiographi 
measurements. Silverman and Hudson? calcul 
volumes and EF in infants with congenital heart dis 
by combining RV volumes derived from apica 
chamber and parasternal short-axis views. Eche 
diographic and angiocardiographic EF were hig 
correlated (r = 0.84). Because of difficulties in in 
RV endocardial borders from а. 4- cha 
and poor correlation between EF « T 
and apical 4-chamber vie 
raphy, К Каше et al" st 
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у = 0.94х + 4.43 
r = 0.83 
SEE = 6.55 
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EF-ECHO (%) 


y =0.88x+3.40 
r=0.73 
SEE = 6.30 


50 75 
AF,-ECHO (%) 


у = 1.20x +6.91 
r=0.78 
SEE =7.29 
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sagittal views and found a good correlation: ; 
measurements. 

In newborns and small infants, the subxip С 
provides high-quality images of the right ventricl 
excellent definition of the endocardial surface 
constant reference points, we chose the pulmonary val 3 
and the RV free wall just anterior (in long axis) and 
leftward (in short axis) of the tricuspid valve. Despite 
significant differences in area between long- and 
short-axis views (Table II), the area change fractio 
were similar. The total fractional area change, ап as 
erage of the fractional area change in both planes, co: 
related reasonably well with the angiographic EF. 
0.79). These results are in agreement with those of K 
et al,’ who found a similar correlation (r = 0. 81) betwee 
fractional area change in the 4-chamber view and | 
obtained by radionuclide angiography. x 

The correlation between the EF and area-chang 
fraction by the 2 methods is closer than that obse 
for volume determinations. This relates to the un 
tainties in geometric assumptions necessary for са 
lation of RV volume. Any error in angiograp! 
nification could also affect the results. The us 
malized percent volume or area change corrects 
for these factors. | 

The method reported here has cu ad 
over those using apical and parasternal view: 
volume determination. Subxiphoid views are eas 
obtained in infants. The entire endocardial circumf 
ence is within the focal zone of the transducer, 
mizing problems with dropout of the most pro 
portion of the image. The subxiphoid window i: 
flexible and allows standardization of transiliicer 
tion with respect to intracardiac landmarks. 
ibility 1 is usually not present with apical and par: 
views. The subxiphoid echocardiographic Ip 
provides an excellent noninvasive method for е 
RV size and function in infants with a syst 
ventricle. 
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Evaluation of Atrioventricular Septal Defect 
by Magnetic Resonance Imaging 
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and THOMAS A. RIEMENSCHNEIDER, MD 





Я Electrocardiographically gated magnetic resonance 


imaging (MRI) was successfully performed in 9 
. patients with atrioventricular (AV) septal defect: 6 
. had complete AV canal and 3 had partial AV canal. 


` The defect was readily visualized in all patients on 


iransverse scans taken at the level of the AV valve. 
The size and extent of the defect could be easily 
determined. All patients demonstrated a similar 
underlying morphologic pattern on MRI scans, 
consisting of deficiency of the primum atrial septum 
and inlet ventricular septum and a “соттоп” AV 
valve ring with absence of the cardiac crux. The 3 
patients with isolated atrial septal defect could be 
distinguished from the 6 with complete AV canal by 


the dense, fibromuscular bridging tissue, which 
coursed from the AV valve to the crest of the ven- 
tricular septum, obliterating the interventricular 
communication. Four patients had angiographically 
proved ventricular hypoplasia, which was also de- 
tected by MRI. AV valves and their patterns of 
chordal attachment were accurately imaged in 7 
patients on systolic sections; accessory chordae 
were identified in 6 patients. MRI is a useful nonin- 
vasive imaging modality that can depict the under- 
lying morphologic abnormalities in AV septal defect 
as well as important anatomic variations. 


(Am J Cardiol 1985;55:1158- 1161) 





` Atrioventricular (AV) septal defect is a cardiac mal- 
` formation with a characteristic morphologic pattern at 


the AV septal junction.! This includes deficiency of the 
atrial septum primum, a *scooped-out" appearing left 


` ventricle resulting from deficiency of the inlet ventric- 


ular septum, and a 5-leaflet, more-or-less common AV 


) _ valve.! Despite these basic similarities, AV septal defect 


E 
р 
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_ is a diverse group of malformations ranging from ostium 
` primum defect to complete AV canal. This diversity 
` results from variations in the morphologic pattern of the 
AV valve leaflets and differences in their degree of 
attachment to the crest of the ventricular septum. 1 
Further variability results during cardiogenesis from 
unequal apportioning of the ventricular mass into right- 
` and left-sided chambers, producing hypoplasia of one 
of the ventricles.?^? Ventricular hypoplasia has been 


. implicated as an important cause of a high mortality 
` rate after surgical correction of AV canal defects.‘ 
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Electrocardiographically gated magnetic resonance 
imaging (MRI) is a new noninvasive technique that can 
provide excellent spatial and contrast resolution of 
vascular structures.” By timing information acquisi- 
tion to the patient's electrocardiogram (gating), normal 
and abnormal intracardiac anatomy, including con- 
genital heart defects, can be imaged.’ This report is a 
description of the morphology of AV septal defect as 
demonstrated by MRI. 


Methods 


Eleven patients with AV septal defect were entered in the 
study. All patients had undergone prior evaluation by echo- 
cardiography and cardiac catheterization. In 2 infants, seda- 
tion was inadequate and images could not be obtained. In 9 
patients, 8 months to 33 years, imaging was successful and 
these patients constitute the study population. 

Images were obtained with a superconducting magnet op- 
erating at 0.3 Tesla. At this field strength, the resonance fre- 
quency for protons is 12.85 MHz. Single-echo radiofrequency 
pulses were applied in sequences consisting of 90? satura- 
tion-recovery pulses followed in 15 ms by 180° inversion 
pulses, resulting in peak echos 30 ms after the 90? pulse. Be- 
cause the repetition time (TR) varied with heart rate, relative 
T1 and T? contributions to the image were also variable. 
However, image contrast was not appreciably affected. Mul- 
tiple, nonsimultaneous, parallel sections (1.0 to 1.4 em thick) 
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were obtained in 3 orthogonal planes, transverse (horizontal), 
coronal and sagittal, and were displayed tomographically. The 


"M X i 


section thickness was chosen so as to maximize signal- to-noise 


ratio at the available field strength while acquiring an image 
within a BI length of time. The pulse sequences were 
initiated by the R wave of the patient’s electrocardiogram and 
were telemetrically transmitted to the controlling computer 
as previously described. Data for each section were acquired 
at the same point in the cardiac cycle for more than 256 
heartbeats, requiring 3 to 5 minutes per section. For images 
acquired during diastole, the pulse sequence immediately 





FIGURE 1. Systolic frame from a patient with atrioventricular (AV) canal, 
tetralogy of Fallot and mild right ventricular hypoplasia. White arrow 
indicates the tip of the atrial septum. Note papillary muscle in the left 
ventricle, accessory chordae faintly seen on the ventricular septal crest 
and right-sided descending aorta (black arrowhead). The common AV 
valve is identified between bright signals arising from the AV valve 
ring. 





FIGURE 2. Complete atrioventricular canal with left ventricular hypo- 
plasia. A, marked right ventricular hypertrophy and small left ventricle. 
Accessory chordal tissue completes the ventricular septum at this level. 
B, note common atrioventricular valve and discrepant ventricular sizes 
with septal curvature toward hypoplastic left ventricle. The ventricular 
component of the defect is visible. LV = left ventricle; RV = right 
ventricle. 
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followed receipt of the R wave, whereas for systolic n 
a time delay after the R wave was preset according to the heart g 
rate. Examinations were completed within 60 minutes. ——. 
Results x 
Atrioventricular septal defect and atrioven- ү, 
tricular valve morphology: The AV septal defect was | 
well visualized in all 9 patients. Transverse sections 
clearly imaged the remnants of the atrial and ventricular | 
septa, delineating the size and extent of the defect. Six | 
patients had large AV canals demonstrated by MRI | Ў 
(Fig. 1, 2 and 3), while 3 had defects confined to the 
atrial level (partial AV canal or primum atrial septal 
defect) (Fig. 4 and 5). Tomographic sections obtained _ 
at the level of the AV valve revealed deficiency of the — 
primum atrial septum and the inlet ventricular septum _ 
in all patients, including the 3 without interventricular - 
communication. In the latter patients, bridging tissue — 
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FIGURE 3. Three different transverse sections іп a patient with pokey 
splenia syndrome, dextrocardia, atrioventricular canal and hypoplastic _ 
left ventricle. A, the common atrioventricular valve and large defect — 
are well seen, as is the common atrial chamber (A). B, accessory | 
chordal tissue (arrow) is seen. C, left ventricular hypoplasia can be 

appreciated in all views, but is especially well seen in this section. Note 
the moderator band (arrow), which identifies the right ventricle. The : 
aorta descends on the left. LV — left Moris Re^ ee “ое; 3 
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could be identified from the AV valve to the crest of the 
` ventricular septum (Fig. 4 and 5). This tissue, which 
` obliterated the interventricular communication, could 
` be distinguished from septal musculature by its thinner 
` size and less intense (grayer) signal intensity. 


SERES û 


d 


In all patients, including those with partial AV canal, 
there appeared to be a single, common AV valve ring 
with absence of the cardiac crux and AV septum. Аз a 
result, the “mitral” and “tricuspid” components of the 


common valve are located at the same level. This is 
` different from hearts without AV septal defect (Fig. 6), 


` in which the tricuspid ring is distinctly more anterior 
_ or apical in position than the mitral ring. 


AV valve leaflets were readily imaged on systolic- 


: gated scans in 7 patients, including 4 of 6 complete ca- 


"ш 


nals and all 3 partial canals. In 2 early studies, only di- 


_astolic sections were obtained and leaflets could not be 


tiw 


- visualized. The AV valve in the 4 complete canals 


- guarded a single, common orifice between atrial and 
- ventricular chambers, with leaflets spanning the defect. 
In 3, the AV valve was shown to be loosely attached to 

` the crest of the ventricular septum by accessory chordae 
(Fig. 1, 2 and 3). These chordae did not distort the basic 





` FIGURE 4. Partial atrioventricular (AV) canal (primum atrial septal 


defect). The underlying septal and AV valve morphology are essentially 


_ the same as in complete AV canals. Note chordal tissue (small arrow) 


from AV valve to crest of ventricular septum. No interventricular 
communication was present on the gated magnetic resonance imaging 
study or by angiography. Larger arrow indicates edge of the atrial 


. septum which is faintly visualized. 
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MAGNET IC RESONANCE IMAGING OF ATRIOVENTRICULAR SEPTAL DEFECT E. 


architecture of the AV valve. Furthermore, septal 
bridging was incomplete and large interventricular 
communications could be visualized. 

In patients with partial AV canal (ostiuyn primum 
atrial septal defect), no interventricular communication 
could be found on MRI study due to complete chordal 
bridging. In 1 patient (Fig. 4), the morphologic pattern 
of the AV valve was identical to those in the complete 
canals. In the 2 other cases, the AV valve architecture 
was distorted by short, dense chordae that appeared to 
bind the leaflets to the deficient ventricular septum 
during systole (Fig. 5). 

Ventricular size and configuration: Five patients 
had nearly equal and adequate sized ventricles, dem- 
onstrated on MRI (Fig. 4 and 5). In these patients, an 
imaginary line drawn through the remnant of the ven- 
tricular septum would intersect the AV valve ring per- 
pendicularly, dividing it into 2 equal parts. Four pa- 
tients, 3 with large AV canal defects, and 1 with a partial 
AV canal, had malapportionment of their ventricles, 
including 2 with a small left ventricle (Fig. 2 and 3) and 
2 with a mildly hypoplastic right ventricle (Fig. 1). In 
patients with hypoplasia, the ventricular chambers were 
unequal in size, with the nonhypoplastic chamber ex- 
hibiting compensatory dilatation. In addition, the 
remnant of ventricular septum was frequently deviated 
toward the smaller chamber (Fig. 2) and a line drawn 
through the septum would bisect the AV valve obliquely 
and unequally. Qualitative assessment of chamber sizes 
was facilitated by evaluation from multiple planes and 
by obtaining parallel, contiguous sections. 


Discussion 


MRI is ideally suited to evaluation of the cardiovas- 
cular system because of the high-resolution of vascular 
structures, the wide range of spatial resolution (par- 
ticularly compared to ultrasound), and the lack of in- 
terference from the lungs and bony thorax. It is nonin- 
vasive and avoids the hazards of ionizing radiation and 
contrast agents; therefore, it can be repeated frequently. 
Diagnostic cardiovascular imaging has been made 
possible with the advent of electrocardiographic gating 





FIGURE 5. Partial atrioventricular canal (primum atrial septal defect) 
with balanced ventricular sizes. Dense bridging of the atrioventricular 


` valve to the ventricular septal crest is seen, resulting in 2 separate 


orifices despite a common ring. The arrow indicates the tip of the se- 
cundum atrial septum, seen separating right from left atrium. 


FIGURE 6. Secundum atrial septal defect. The primum atrial septum 
(arrow), cardiac crux and inlet ventricular septum are present. In con- 
trast to patients with atrioventricular septal defects, 2 separate atrio- 
ventricular valves at different levels are imaged. The right ventricle is 
dilated. 


. may still be difficu 
іоп.5-9 Gating also permits images to defect. MRI is especiall 
obtained at specific intervals during the cardiac ventricular sizes. Four patien 

B: ventricular hypoplasia. Patients witl balar 

his study suggests that MRI can be a valuable ad- have equal sized ventricles and a sept im thai 

t to angiography and echocardiography in the as- and straight (Fig. 4 and 5). In contrast, р 
ssment of patients with AV septal defect. Transverse unbalanced AV canal have MRI studies th 
mographic sections at the level of the AV valve reveal acterized by discrepant ventricular sizes at 

derlying Шоро dd of the AV septal that is deviated toward the smaller chambe 

t: abse and 3). 

Since MRI uses a tomographic display for 
ognition of normal and abnormal cardiac an 
facilitated by sequential imaging in рагай 
through the chest and heart. In this fashion, t 
can be distinguished from image loss createc 
structure leaves the plane of imaging. Furt 
chamber sizes, connections and spatial relatio 
appreciated more accurately. Future i improve 
MRI technology should produce better resc 
perhaps with 3-dimensional rather than tomo 
reconstruction. Along with the additional develo] 
of quantitative capabilities, including asses: 
ventricular volumes, MRI should prove eve: 
valuable in the evaluation of AV septal defect. ; 
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nsatrial Septal Velocity Measurement by Doppler 
Echocardiography in Atrial Septal Defect: 
Correlation with Qp:Qs Ratio 


SRALD R. MARX, MD, HUGH D. ALLEN, MD, STANLEY J. GOLDBERG, MD, 
and CELIA J. FLINN, MD 


ocities measured perpendicular to the 

by Doppler echocardiography in pa- 

al septal defects (ASD) have a dis- 

orphology that may bear a relation to 

gnitude. The integral of the right atrial 

form was compared with shunt mag- 

isured at cardiac catheterization or nu- 

t scan in 17 ASD patients. For control 

the mean right atrial velocity was 15 + 4 

- standard deviation) and that for ASD pa- 

was 41 + 11 cm/s (p <0.001). Doppler pul- 

-to-systemic flow ratio (Qp:Qs) correlated 

atheterization Qp:Qs ratio (n = 9, г = 0. 2 
27) and with nuclear Qp:Qs ratios (n= 


cts of atrial septal defects (ASD) can be dem- 
by M-mode echocardiography! and the 

tself may be directly visualized by 2-dimensional 
ardiographic scanning.':+- However, lateral 
m artifacts cause defects to appear smaller than 

ly are, and some may not be visualized at all.? 

on the defect is imaged, its presence or size does 

de information about the degree of flow 

gh the defect. Therefore, for a patient suspected 
g an ASD, determination of presence and 

ude of a shunt is desirable. For most patients 
\SD, shunt magnitude can be determined nonin- 
ly by Doppler echocardiography by comparing 
nonary to systemic flow.!°-! 3 These Doppler flows, 
ever, may be difficult to compute in some patients 
ise | of flow disturbances or difficulty with 
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= 0.60, SEE = 0.51). Mean transatrial septal v 
locity i in ASD patients correlated with catheterizatio 
Qp:Qs ratio (n — 9, r — 0.8, SEE — 6.0) at 
simultaneous Doppler Qp:Qs ratio (n = 16, 

SEE = 4.9, y = 16.2 + 8.3). Although Ор: 

can be approximated by measuring pulmoi 

systemic flow by Doppler echocardiography 

ASD patients, this newly described metho 

estimation of Qp:Qs ratio. It is useful wh 

more conventional measurements cannot be pe 

formed because of turbulence or when inadeq 

imaging prevents Doppler pulmonary to systemi 

flow measurement. We 
(Am J Cardiol 1985;55: 1162-11 


Doppler interrogation of the atrial —Ó ca 

accomplished from the subcostal imaging plane ` wit 

sample volume placed nearly perpendicular to the in- 
teratrial septum in the anticipated location of shunted | 
blood flow across the defect. The resultant waveform 
has a discernible morphology,!415 which we hypoth 
sized may bear a relation to shunt magnitude. In 
study, our purpose was to determine if the integra 
the waveform bears a specific relation to shunt magn 
tude as measured by catheterization or nuclear. scan 


Methods 


Population: The control population was required i me 
the following criteria: absence of findings suggestive of AS 
by physical examination, electrocardiogram, or chest x-ra 
absence of right ventricular volume overload by echocard 
ography; and appearance of an intact atrial septum by 
dimensional (2-D) echocardiography. Control subjects were 
recruited from 2 sources: normal children not suspected of 
cardiac disease and patients shown at ت‎ avons to 0 he 
an intact atrial septum. it 

Inclusion in the ASD group was based ¢ on 4 crite ja: p 
of physical examination : I / ; 
imaging of the ASD by 2-1 





FIGURE 1. Left, right atrial velocities, 
subcostal 4-chamber view. The left and 
right atrial and interatrial septum in a 
patient with sécundum atrial septal 
defect (ASD). The sample volume, 
shown as 2 parallel lines on the cursor, 
is located parallel to flow across the 
defect. Right, right atrial velocities, 
subcostal short-axis view. The left and 
right atrium (LA and RA) and interatrial 
septum are shown in the same patient. 
The sample volume is nearly perpen- 
dicular to the interatrial septum and 
parallel to flow through the defect. Ant 
= anterior; INF = inferior; Lt = left; 
Post = posterior; Rt = right; Sup = 
superior. 


either cardiac catheterization or radionuclide scan and in- 
vestigation between July 1983 and April 1984. 

Ultrasound examination: Patients were in the supine or 
left decubitus position during examination. Chloral hydrate 
sedation (50 mg/kg) was used as necessary to obtain an ade- 
quate examination. A range-gated pulsed echograph (Honey- 
well) was operated at a transmitted frequency of 3.5 MHz for 
Doppler. Maximal velocity at 3.5 MHz with this instrument 
was range-dependent and varied from 4.5 m/s at the nearest 
range to 1 m/s at the farthest range; however, the latter range 
was not necessary for this study. Initially, a standard M-mode 
and 2-D imaging study was performed to identify anatomic 
abnormalities or evidence of right ventricular volume over- 
load. Special attention was given to atrial defect imaging from 
the subcostal plane. Next, pulmonary artery velocity and di- 
ameter at mid-sample volume was measured from a short-axis 
parasternal plane. Since this vessel was imaged in lateral 
resolution, diameter was measured from the center of 1 wall 
image to the center of the other. Aortic velocity was recorded 
from the mid-ascending aorta as imaged from the suprasternal 
plane and aortic diameter was imaged from the parasternal 
long-axis plane superior to the sinus of Valsalva and measured 
by the axial technique. If technically adequate pulmonary 
artery velocities or diameter could not be obtained, tricuspid 
flow was substituted.!9.1? Tricuspid velocities were measured 
from an apical 4-chamber plane with the cursor aligned par- 
allel to the interventricular septum and the sample volume 
placed at the tip of the valve leaflets. Tricuspid valve diameter 
was measured from endocardium to endocardium at the in- 
sertion of the valve leaflets onto the anulus during their 
maximal diastolic excursion. Next, the transducer was placed 
in the subcostal position, from which an entire range of 
transducer locations and planes were possible. Velocity in- 
terrogation was conducted along the entire length of the atrial 
septum (Fig. 1). Care was taken to avoid recording superior 
venal caval velocities. The highest velocities along the septum, 
which occurred in a location nearly perpendicular to the 
septum, were interrogated by making adjustments of beam 
direction in all three planes. Since a plane precisely perpen- 
dicular to the septum was rarely achieved in the 2 visualized 
planes, an angle correction was required. The angle in the 2 
visualized planes was determined as the angular difference 
between a plane perpendicular to the septum and the cursor 
line. No correction was deemed necessary for the third, azi- 
muthal, plane since beam direction in that plane was altered 
to achieve the highest velocity. 

Transvalvular pulmonary, tricuspid, and aortic Doppler 
flows were computed as previously described,!9/16 according 
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to the formula: mean velocity/s (cm/s) X flow area (cm?) X 60 
(s/min) = flow (ml/min). 

For both control and ASD patients, no distinct modal ve- 
locities were apparent in the time velocity curve recorded in 
the right atrium near the septum. Therefore, to quantitate 
shunt magnitude, the outer envelope of the high-intensity 
systolic and diastolic velocities were digitized for 3 or more 
beats and the mean velocity computed in cm/s (Fig. 2). In all 
cases, when the intercept angle was not parallel to flow, the 
mean velocity was angle-corrected. 

The Qp:Qs was computed from the Fick equation for 
catheterization data.!? Radionuclide Qp:Qs ratio was deter- 
mined by first-pass technique following injection of techne- 
tium-99m.!? Doppler-derived Qp:Qs was calculated by di- 
viding Doppler-derived pulmonary flow by systemic flow. 


Results 


Population (Tables I and II): The population 
acceptance criteria permitted inclusion of 18 control 
subjects, aged 0.1 to 120 months (mean 45 + 38 [+ 
standard deviation]), and 17 patients with an ASD, aged 
0.5 to 168 months (mean 35 + 40). Mean age and body 
surface areas were not significantly different between 





FIGURE 2. Doppler tracings of transatrial septal velocities in a patient 
with an atrial septal defect. Subcostal short-axis view is shown with 
the sample volume parallel to flow across the interatrial septum (inset). 
The dotted black lines indicate tracing of peak velocities from R wave 
to R wave to 3 successive beats. 
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* Catheterization Qp:Qs. 

* Radionuclide shunt scan. 

* Ventricular septal defect at catheterization Qp:Qs = 2:1.0. 

$ Tricuspid flow method for Doppler Ор measurement. 

BSA = body surface area; Qp:Os = pulmonary to systemic flow ratio; RAV = mean right atrial velocity; 
SD = standard deviation. 
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TABLE if Population Data—Patients with Atrial Septal Defect 


Age BSA ASD ы TASV Doppler — Nuc/Cath . 
(mo) (m?) Type (cm/s) Qp:Qs Qp:Qs Surg 


29 SEC 0 60.0 

8 SEC 27 44.2 
20 SEC 0 51.2 
SEC 0 32.1 
SEC 22 35.1 
SEC 10 30.4 
SEC 14 28.8 
SIN VEN 16 35.4 
SEC 18 22.3 
SEC 29 39.0 
SEC 27 51.8 
MULTFEN 15 29.6 
MULTFEN 20 41.7 
SEC 26 41.5 
PRIM 20 39.7 
SEC 12 52.8 

168 SEC 0 55.0 

Mean + SD 35 £ 40 06+0.4 bek 1510 44411 20406 1.9 


* Catheterization Qp:Qs. 

* Radionuclide shunt scan. 

ї Tricuspid flow method for Doppler Ор measurement. 

ASD = atrial septal defect; BSA = body surface area; MULTFEN = multiple fenestrations; Nuc/Cath 
= nuclear isotope scan/catheterization; PRIM = primum; Qp:Qs = pulmonary to systemic flow ratio; SD 
= standard deviation; SEC = secundum; SV = sinus venosus. 


Fad 
№ 


Үе$ 


e 
A 


Yes 


ж. 


O ол ооф Оз 54 ©» Ср оо O a ООо ОЬ 
— 


- 


* 


ж 


Фоо Ф © оо О ооо бл о бл 


H- 
Q -+ 
an 
ce 


+ 


є ж 


ж 


* 


D 


tn [Му IND ome ма ch IND BO МӘ‏ شس فس 
nade‏ 


DO POON N бо Oi 2 w oO 


* 


+ 
* 


0. 
0. 
0 
0. 
0. 
0. 
0. 
0, 
0 
1. 
0 
0 
0. 
0. 
0. 
2, 


O М № М mt c М ek мл ik et LÀ 


opulations. Two large adolescent patients with Morphology of velocities in the right atrium nea 
ad technically inadequate subcostal examinations the area of a potential atrial septal defect: Two type 
cordingly, transatrial septal velocities could not of velocity patterns were found in the right atrium 1 
ained. Their results were excluded from further atively perpendicular to the atrial septum. In cont 
In the 9 patients with an ASD who underwent subjects very nondescript low velocities which cent red 
zation, 7 have had surgical closure of the defect. around the baseline were found. In patients wit 
itients with ASD who had a nuclear scan, 5 ASD, 2 to 3 peaks were encountered. The first peal 
d surgical closure of the defect. In 6 of 16 control which was the broadest and had the highest velocitie 
ts and 5 of 16 ASD patients, either inadequate occurred during the onset of the electrocardiograp. 
"the pulmonary artery or turbulent pulmo- QRS ре, М а second peak, numbered fron 
ies precluded. € of pulmonary flow for , was discernil : 
т ppler Qp:Qs ratio (Tables. Гапа П). | | 
sed Tor caleulation ‘These 2 wav 
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R=0.69 
SEE=0.42 
slope=0.79 
Y=0.53 
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R=0.60 
SEE=0.51 
slope=0.71 
Y=0.73 
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measurement Was E in 16 e ви је 
varied from 0.8:1 to 1.3:1 (mean 1.0: + 0.1). * 
from another lesion precluded measurement in 
subjects. The ratio computed by Doppler і | 
patients in the ASD group ranged from 1. 
(mean 2.0 + 0.6). Patient 33, although sedated, 
uncooperative to permit a measurement. Com 
of the mean control and mean ASD values ir 
that the 2 groups were significantly different (p < 
Catheterization was performed in 9 of 17 ASD p 
and the remainder had nuclear scans. Dopplei 
correlated with combined catheterization/ 
Qp: v^ m а а coefficient of 0. 69 e 0. дА 


nuclear data vided a coefficient of 0.60 ns C 
0.51) (Fig. 3C). | 


Mean anno буда ун. -— Ww 
eterization Qp:Qs ratio (т = = (.8, n = 16, SEE = | 6 


to simultaneously measured Doppler Qp:Q: 
the correlation was 0.89, SEE = 4.9, y = 16. 2: 
(Fig. 5). + 


patients in the ASD group had transatrial sep 
locities measured before operation and right 
septal velocity measured after defect closure. 
erative mean transatrial septal velocity was 45 +. 
and postclosure mean velocity was 16 + 7 cm/s fp: 
(Fig. 6). | 
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Discussion 
The most important features of this investigation 


were demonstration that atrial left-to-right shunts could 


be identified by a transatrial septal velocity pattern and 


` that the integral of this velocity bore a relation to the 


Qp:Qs ratio. 

Although interrogation of transatrial septal velocities 
has clinical value, several recording and interpretation 
precautions deserve comment. Motion of the atrial 


— septum, if it transects the sample volume, can produce 


a velocity pattern. These velocities are of low magnitude 


_ and have an audio-thumping character that is unlike 


blood flow velocities. More important, superior vena 
caval flow can be encountered. This can be recognized 


—— by a distinct pattern (Fig. 7), which has a sharp upstroke 


TASV cm/sec 


and a rapid deceleration phase followed by a smaller 
peak. Тһе sample volume location is visualized near 
caval entry site. Superior vena caval patterns are usually 
recorded when the septum is far from perpendicular 
with respect to the Doppler cursor. Very high caval ve- 
locities may be encountered in patients with high caval 
flow, and these waveforms will continue into the right 
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FIGURE 5. Regression analysis of transatrial septal velocities (TASV) 
versus simultaneously measured Doppler Qp:Qs ratio. 
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FIGURE 6. Transatrial septal velocities measured preoperatively and 


right atrial velocities measured postoperatively in 6 patients. The star 
denotes a patient with postoperative tricuspid regurgitation. 
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atrium. Caval velocities are most likely to cause confu- 
sion if the atrial defect is in the sinus venosus instead 
of the secundum position. The jet of tricuspid regurgi- 
tation has minimal similarity with the jet of-a restrictive 
ASD. The similarity is that both are relatively high 
velocity signals in the right atrium. Differences include 
location and appearance during different phases of the 
cardiac cycle. A tricuspid regurgitation jet occurs at the 
onset of systole and is found just proximal to the value 
and is usually directed along the atrial septum. 

In this study, peak right atrial velocities for control 
subjects did not exceed 90 cm/s, and peak transatrial 
septal velocities in ASD patients did not exceed 120 
cm/s. However, recently we have examined the atrial 
velocities in 3 patients with restrictive ASDs in whom 
large pressure differences existed between the 2 atria. 
In these patients, transatrial septal velocities occurred 
as a jet lesion with very rapid early systolic acceleration 
and an equally rapid deceleration phase. Peak velocities 
exceeded 150 cm/s. Figure 8 is an example from an in- 
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FIGURE 7. Doppler interrogation of superior vena caval (SVC) flow from 
subcostal coronal 2-dimensional echocardiographic view. Inset shows 
sample volume in right atrial-SVC junction. Doppler tracings are shown 


on the right. Mean velocity was 38.8 cm/s. LV = left ventricle; RA = 


right atrium. 
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FIGURE 8. Mean transatrial septal velocities (TASV) measured in an 
infant with left atrial mean pressure of 12 mm Hg and right atrial pres- 
sure of 4 mm Hg. ASD - atrial septal defect. 
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otential source for error in estimating shunt 
itude is inability to align the Doppler sample 
parallel to shunted blood across the ASD. This 
can be diminished by interrogating velocities 
е subcostal short axis plane where the sample 
can be aligned in a plane relatively perpendic- 
the septum. However, use of this plane does not 
te the problem of aligning the sample volume 
| to flow in the nonvisualized plane. We adjusted 
e third plane by rotating the transducer in the 
tional plane until maximal auditory and spectral 
ities were achieved. 
ccurate quantitation of Qp:Qs ratio for patients with 
il septal defects by any technique remains a prob- 
Mixed venous preshunt oximetry is frequently 
laminated by blood shunted into the cavae. The 
ar method has relatively low resolution in small 
Notrue standard for shunt quantification exists. 
shunts change within short periods of time. In 
dy, the best correlation of mean transatrial 
| velocity was with Doppler-determined Qp:Qs 
This may have occurred because the 2 measure- 
vere made within several minutes of one another. 
elation with oximetry data was somewhat lower, 
onetheless a good correlation was found. Corre- 
ation with the nuclear method was lower than for the 
Yethods. This finding can be partially explained 
| number of patients and also, 1 patient who 
icluded in the analysis cried during the examina- 
hus altered her Qp:Qs ratio. If her data were 
ed, a much closer correlation between the 2 
10ds would have occurred. 
he most frequent clinical application of the de- 
d technique will probably be confirmation of the 
esence of a left-to-right atrial shunt. Although the 
tal of transatrial septal velocities is useful for es- 
shunt magnitude, for many patients, the ratio 
approximated by measuring pulmonary and 
emic flow by Doppler echocardiography. The 
ed method, however, may substitute for estima- 
‘shunt magnitude when turbulence, jets, or inade- 
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to Changes i in Left Ventricular Chamber Size and 
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ugh exercise-induced changes in electrocar- change in LV dimension was 0.81 (p. <0. 001). | 
арһіс R-wave amplitude have been ascribed significant changes in R-wave amplitude were see 

ges in left ventricular (LV) size, QRS axis, in electrocardiographic leads І, Il, Ш, aVR, а\ 
ate and ischemia, the physiologic mechanism or V4. Distance from the chest wall to the 
5 unclear. To clarify the relation between terior wall correlated with change in R-w 
ive amplitude and changes in LV size and po- plitude (r = 0.79, p <0.001). Change from 1 supi 
simultaneous 9-lead electrocardiograms and to left lateral position moved the left ventricle 
jeted M-mode echocardiograms were recorded to the lateral chest wall in association with < 
normal subjects. Recordings were made at 896 increase in R-wave amplitude in Vs and V 
during Valsalva maneuver and during <0.001). in conclusion, there is a direct andac 
xamine infusion. LV diastolic dimension in- namic relation between R-wave amplitude and. 
sed with methoxamine and decreased with chamber size. Chamber size and distance from 
alva maneuver (p <0.001). R-wave amplitude left ventricle to leads Vs or Vg interact asm 
ids Vs and Vg varied directly with LV dimensions determinants of R-wave amplitude. = 
0.001). The correlation coefficient between the 
ge in R-wave amplitude in Vs or Vg and the 






















































(Am J Cardiol 1985;55:1168-11 









es in electrocardiographic QRS amplitude have spite these findings, the relation between QRS eo Ж. 
noted during dynamic exercise. Although these amplitude and LV chamber size remains controver- . 
res may improve the predictive value of exercise sial.!!-20 Factors such as ischemia?! QRS-axis shifts,” 
ig for the diagnosis of coronary artery disease, or changes in intramyocardial conduction!” have b 




















physiologic mechanism is complex. It has long suggested as major determinants of R-wave amplit 
suggested that conditions that cause changes in left changes. During exercise, R-wave amplitude. chang 
icular (LV) chamber size cause alterations in the may be further influenced by a change in respirato 
ocardiographic QRS complex amplitude.5 This has pattern, the position of the heart in the thorax and 



















inferred from the observation that QRS voltage amount of air or blood in the lungs.?? This study e 
ases after the pause following a ventricular pre- amines R-wave amplitude changes in the absenc 

'e complex, after infusion of saline solution and these confounding factors. " 
g elevation of the legs. All of these maneuvers 

‚ап increase in cardiac blood volume.9-!9 This Methods 





'The study population consisted of healthy 1 men, "PE 21 P Е 
33 years. АП subjects had normal intracardiac anatomy and 
LV performance on 2-dimensional (2-D) echocardiographii 


study as well as a normal scalar electrocardio ram. - 
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M-mode echocardiograms and electrocardiograms were re- 
corded at end-expiration in the supine and left lateral decu- 
bitus positions under baseline conditions at rest without other 
interventions, 

Electrocardiograms were recorded during held end-expi- 
ration on a Marquette Electronics MAC II microcomputer- 
augmented cardiograph. This system records simultaneously 
10 seconds of the unipolar chest leads, and derives the frontal 
plane electrocardiogram from 2 of its constituent leads. Leads 
Vo, Уз and V4 were not recorded to allow echocardiographic 
imaging during the electrocardiographic recording. The 
electrocardiographic recorder was programmed to average 
R-wave amplitude from all QRS complexes in a given lead. In 
this manner variations in R-wave amplitude during any single 
recording were minimized. R-wave amplitude was measured 
as the vertical distance from the PR segment to the peak of 
the R wave. 

The experimental protocol used for echocardiographic re- 
cording in this study has been described in detail.?5-?7 Si- 
multaneous recordings of the targeted LV M-mode echocar- 
diogram, phonocardiogram, electrocardiogram, indirect 
carotid pulse tracing and blood pressure measurements were 
performed at held end-expiration under baseline conditions. 
Peak systolic and diastolic blood pressure determinations were 
made with the Dinamap™ 1846P Vital Signs Monitor (Criti- 
kon). This device estimates accurately central aortic pressure 
over a wide range of systolic and diastolic blood pressures 
independent of the patient's cardiac index, systemic vascular 
resistance, LV ejection fraction and body surface area.?528 All 
recordings were repeated at the peak effect of the strain phase 
of a Valsalva maneuver, when the LV end-diastolic dimension 
was smallest. All subjects then received 0.01 mg/kg of atropine 
sulfate intravenously 10 minutes before an intravenous 
infusion of methoxamine (infusion rate 1 mg/min). When peak 
systolic blood pressure had increased by 30 to 60 mm Hg above 
baseline (depending on baseline blood pressure observations), 
the methoxamine infusion was discontinued. The peak pressor 
effect lasted 2 to 5 minutes, during which time another set of 
end-expiratory echocardiographic, phonocardiographic, cal- 
ibrated carotid pulse and electrocardiographic recordings was 
made. 
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FIGURE 1. Targeted M-mode echo- 
cardiographic recordings of the left RV 
ventricle from a subject under resting 
conditions and at peak Valsalva and RSS 
methoxamine effects. Left ventricular 
chamber (LV) size decreased during LSS 
Valsalva maneuver, and increased at CPT 
peak methoxamine effect compared 

with resting conditions. CPT — carotid | y 
pulse tracing; LSS - left septal sur- 

face; LVP — LV posterior endocardium; 

PCG = phonocardiogram; RSS = right 
septal surface; RV = right ventricular | VP 
chamber. 
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LV dimensions and wall thicknesses were measured as 


previously described from targeted M-mode echocardiograms _ 
recorded on a Hewlett-Packard ultrasound imaging system _ 
(model 77020A).25-?7 In addition, the distance from the chest | 


wall to the leading edge of the right septal surface and from 
the chest wall to the leading edge of the LV posterior epicar- 
dial surface were measured. Distance from the chest wall 


(adjacent to the Vs electrocardiographic electrode) to the LV — 
apical endocardium was measured from targeted M-mode _ 
echocardiograms performed with the transducer in the api- — 
cal 4-chamber position. This distance was measured from the _ 
first chest wall echo to the trailing edge of the LV apical 


endocardium. 
LV meridional wall stress at end systole was calculated 
using a previously validated formula.?6-?9 
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All echocardiographic measurements were taken as the — 


average of 3 to 5 cardiac cycles. Echocardiographic tracings 
were digitized and analyzed on a Franklin Quantic 1200 ana- 
log-to-digital computer. 

Statistical analysis: Paired t tests were performed to 
compare baseline values with data obtained at peak Valsalva 
and methoxamine effects. A p value «0.05 was considered 
statistically significant. To test the relation between 2 vari- 


ables, correlation coefficients were calculated by least-squares 


linear regression analysis. Group data are expressed as mean 
+ standard deviation. 


Results 
Changes in left ventricular chamber size: In all 


subjects, LV dimension decreased at peak Valsalva _ 


maneuver and increased at peak methoxamine effect 
(p <0.001) (Fig. 1 and 2). The changes in end-diastolic 
and end-systolic dimension closely paralleled each other 
(т = 0.85, p «0.001). LV end-diastolic dimension de- 
creased by 5 + 2 mm with Valsalva maneuver and in- 


creased by 3 + 1 mm with methoxamine infusion (Fig. · | 


2B). Changes іп LV end-diastolic chamber size corre- 
lated well with alterations in end-systolic wall stress (r 
= 0.89, p <0.001) and subsequent changes in LV end- 
systolic dimension. 
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CH hanges in R-wave amplitude: During interven- 
3 tic ions, R-wave amplitude did not change consistently in 
- electrocardiographic leads I, II, III, aVR, aVL, aVF or 
- Vj. Significant R-wave amplitude changes did occur in 
_ prec 'ordial leads V; and Vg (Fig. 3 and 4). For each 
iet. the lead showing the greatest change was used 
this analysis. There was a 21% increase in R-wave 
1р! slitude with methoxamine infusion and a 17% de- 
ase with Valsalva maneuver (p <0.001) (Fig. 4B). 
vi Re lation of R-wave amplitude to left ventricular 

hamber size: Because the R wave occurs at end- 
stole, R-wave amplitude changes were compared 


> {; э 
+ ad A) 
LS ^ 
G у 
F i 4 -- 
1 i е " V B 

«| ms 

> 

* 


V5 | 


ті {е №) 


Change In LV End-Diastolic Dimension (mm) 


d to the left lateral position. With this maneuver, the 


FIGURE 2. A, left ventricular (V)end- - 
diastolic dimensions (Ded) and чу 
systolic dimensions. нй есге З, 
during Valsalva | 







with LV dimension at end-diastole. In every case, in- Я 
terventions resulted in directionally similar changes i in. 
R-wave amplitude and LV end-diastolic dimension (r - à 
= 0.65, p «0.001) (Fig. 2 and 4). When the percenta 
change in R-wave amplitude vs the change in end-dia- - 
stolic dimension was considered, the correlation coef- - 
ficient was 0.81 (p «0.001). ü 
Distance of the heart from the chest wall: The Іл бу! 
posterior wall moved 8.9 + 4.0 mm closer to the ant terior 
chest wall with Valsalva maneuver, and 2.5 + 1.6 mm - 
away during methoxamine infusion (p «0.001). The £ 
right septal surface moved 3.2 + 3.4 mm closer to the 
chest wall with Valsalva (p <0.02), not significantly 4 
different from the movement of the LV posterior w 
The distance from chest wall to the right septal surface - 
did not change significantly during methoxamine | 
infusion. The correlation coefficient between distance 
from the chest wall to the LV posterior wall and LV 
end-diastolic dimension was 0.84 (p <0.001). The co r- А 
relation coefficient between distance from the chest wa 
to the LV posterior wall and change in R-wave ampli- - 
tude was 0.79 (р <0.001). Thus, as the LV chamber ex- 
panded radially toward the posterior and lateral chest | 
walls, R-wave amplitude increased. Similarly, R-wave 
amplitude decreased as the heart moved away. — ч] 
Electrocardiographic R-wave amplitude in V5 and Vas. 
also changed when the subject was moved from the su- 
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FIGURE 4. A, electrocardiographic $ E 
R-wave amplitude decreased during 2 « 
Valsalva maneuver (dots) and in- = Ф 
creased with methoxamine infusion E с 
(squares). B, changes in R-wave am- < z 
plitude paralleled changes in Іей ven- © c 
tricular dimension in all subjects. > £ 
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FIGURE 5. Effects of supine and left lateral patient position. A, electrocardiographic R-wave amplitude increased significantly with movement 
of the left ventricle toward the chest wall in the left lateral position. B, this increase in R-wave amplitude was not associated with a change in left 
ventricular end-diastolic dimension. NS = not significant; SD = standard deviation. 









































ively) The correlation bel orn R-wave 
de and heart rate was poor (т = —0.08, p = not 


Discussion 


'ocardiographic R-wave amplitude correlated 
h the distance of the heart from the chest wall 
dimensions varied. Distance from the LV to the 
al recording electrodes thus appears to be a 
determinant of R-wave amplitude. In addition, 
tance from the LV apical endocardium to the 
ecordial electrocardiographic leads was asso- 
ith marked changes in V5 and Vg R-wave am- 
without any significant change in the frontal 
У; R-wave amplitude. These changes were seen 
hange i in LV chamber size, and demonstrate 
tance of proximity of the LV to the chest wall 
rminant of R-wave amplitude independent of 
amber size. 

ion of left ventricular volume to R-wave 
ide: Brody,’ using a mathematical model, sug- 
hat intracardiac blood, a highly conductive 
augments the electrocardiographic surface po- 
al if the progress of myocardial excitation is radial 
blood mass. The present study demonstrates a 
near correlation between R-wave amplitude and 
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eft ventricular chamber size and position as they relate to 
of the lateral precordial electrocardiographic leads. During 
ineuver the left ventricle moves away from the lateral 
rentricular dimension decreases. Methoxamine infusion 

'eased left ventricular size and increased proximity of the 
the ateral chest wall. In the left lateral position the heart 
| vithout any change in chamber size from 
7 poster! ог: R= ees : 
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subjects without Т теты wall motion abnormalities, i 
changes in the LV intracavitary blood volume would 
also be a major determinant of R-wave amplitude. Thi: 
supports the concept of a Brody effect. However, a 
change in LV intracavitary blood volume alters the — 
proximity of the left ventricle to the precordial elec- ~- 
trocardiographic recording electrodes (Fig. 6). The ef- _ 
fect of change in proximity of the left ventricle to the 
chest wall, rather than change in the electrical effect of - 
the LV blood mass, may be responsible for changes i in 
R-wave amplitude. | 

Distance from the left ventricle to the chest wall 
Distance of the heart from the chest wall was considered | 
a major determinant of R-wave amplitude in a study by ` 
LaMonte and Freimar?! of the electrocardiogram after 
mastectomy. These investigators noted increased pre- 
cordial R-wave amplitude after left mastectomy andless |. 
prominent increases in left precordial voltage after right © 
mastectomy. Changes in left precordial leads after right... 
mastectomy suggest that the electrical properties of the . 
chest wall, in addition to distance of the heart from the 
chest wall, are important determinants of R-wave siz 
With mastectomy, as in the present study, no signif 
changes were seen in the frontal leads. This 1 
finding further supports the contention that distance 
between the left ventricle and the chest wall is an. im- 
portant determinant of R-wave amplitude, since the 
major effects of this distance are reflected in the hor 
zontal plane. 

The Valsalva maneuver resulted in a decrease in right 
ventricular chamber size and subsequent movement of 
the right septal surface toward the anterior chest wa 
Movement of the LV posterior wall toward the anterior 
chest wall and away from the lateral chest wall during 
Valsalva maneuver reflects the combined effects of 
decrease in both left and right ventricular end- diastol 
dimensions (Fig. 6). With methoxamine infusion, r 
change in right ventricular size was noted, consistent 
with the fact that LV afterload challenge i in nori 
subjects does not alter right ventricular hemodynam- 
ics.?? Finally, LV size increased at peak methoxamine 
effect, increasing the distance from the anterior chest 
wall to the LV posterior wall and moving the left ven- 
tricle closer to the lateral chest wall (Fig. 6). » 

The position of the heart relative to the lateral chest 
wall was measured by echocardiogram with the trans. 
ducer near the V; electrode. The distance from the chest 
wall near the V; electrode to the LV apical endocardium 
was correlated with R-wave amplitude. А striking it 
crease in R-wave amplitude was evident simply b 
turning subjects into the left lateral position. These 
changes were not associated with changes in LV d 
mensions (Fig. 5). Furthermore, no significant change 
in R-wave amplitude was noted in the frontal leads or = 
in lead Уу. Since distance from the chest wall varied __ 
with changes in LV chamber size caused by both Val ` 
salva maneuver and methoxamine infusion, the change 
in proximity to the chest wall, rather. than a volume 












































































ide independent of LV chamber size. 

Effects.of heart rate and exercise: Dynamic ex- 
ise is dssociated with changes in sympathetic tone, 
art rate, respiratory pattern and the volume of air and 
od in the lungs. Because the subjects in our investi- 
ation were studied under controlled conditions without 
he use of dynamic exercise, most of these variables 
ould be effectively eliminated as confounding factors. 
during dynamic exercise or atrial pacing, alterations in 
У chamber size are heart rate-dependent.3? In our 
idy, heart rate increased with both Valsalva maneuver 
nd methoxamine challenge, while R-wave amplitude 
moved in opposite directions. This clearly demonstrates 
that heart rate alone is not a major determinant of R- 
wave amplitude. 


Electrocardiographic factors: We observed 
prominent R-wave amplitude changes in leads V5 and 
Ve. However, no significant changes were noted in the 
frontal leads or in lead V;. This suggests that failure to 
: cord multiple electrocardiographic leads may leave 
a change undetected. The averaging of R-wave ampli- 
` tude from many planar leads may mask a change in a 
- single lead, especially since the duration of R-wave 
amplitude change is brief. The use of an electrocardio- 
graphic recording system that acquires multiple leads 
— simultaneously during an intervention, rather than 
© recording single leads sequentially after an intervention, 
- is essential for detection of transient R-wave amplitude 
-+ variations. Shifts in QRS axis have been suggested as 
- a mechanism of R-wave amplitude change.22 We did not 
^. observe any change in the frontal-plane QRS axis. 

." Effect of ischemia: Electrocardiographic R-wave 
amplitude changes resulting from myocardial ischemia 
may result from precipitation of ventricular asynergy,°4 
` changes in intramyocardial conduction," or by a change 
in LV chamber size.?? R-wave amplitude changes noted 
during exercise or atrial pacing may be influenced by 
both LV size and the presence of myocardial ische- 
mia. In this study the effects of change in chamber size 
ша be evaluated independent of the influence of 
Schemia. 
Methodologic considerations: Several studies have 
failed to demonstrate a relation between R-wave am- 
plitude and LV size.!?-1? 'This may be because single- 
ead electrocardiographic systems were used, QRS 
< amplitudes were averaged from many leads, the influ- 
- -ence of myocardial ischemia, or the varied physiologic 
effects of dynamic exercise. 12-15 Studies using pacing 
` - or exercise compare LV volumes at rest to the decreased 
volumes associated with significant tachycardia.9.!? 
ı When patients with ischemic heart disease are studied, 
`` the resting condition is compared with increased LV size 
. associated with LV dysfunction. The present investi- 
- gation eliminates the confounding effects of ischemia 
апі the problems associated with exercise in comparing 
- variations in LV chamber size alone to R-wave ampli- 
P tude change. . 
. — Clinical implications: LV chamber size and distance 
E of the heart from the chest wall | may influence R- -Wave 































































ne distance from the LV to the ch hest ampl e 
ppears to be a major determinant of R-wave am- 






ment of systemic oie on. M 
ischemia, LV systolic or diastolic dy 
many effects of dynamic exercise are pre 
tive contribution of each to R-wave атр 
plicated further. Thus, the importance o 
size and position relative to the precord 
electrodes must be considered when ass 
portance of changes in R-wave amplitude 
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rsons aged 85 years or more (n = 674) living in inversion, ventricular premature comp 
npere, Finland, were surveyed in 1977 and 1978. atrial fibrillation were related statisti: 

e hundred fifty-nine persons (83%) were ex- significantly to clinical congestive heai 
mined. Electrocardiographic findings, classified were ST-segment depression and T-wave in 
ording to the Minnesota code, were compared to clinical coronary heart disease. High left 


h reported cardiac symptoms, clinical congestive ventricular premature complexes and a 








art failure, clinical coronary heart disease and lation showed a significant association wit 
elative cardiac volume on chest radiograph. Elec- enlargement (over 500 ті/т?2) and. pul 1 
ardiographic items had a poor association with congestion in chest radiographs. 











a Ла ьалаа ST-segment depression, T-wave (Am J Cardiol 1985;55: 1 










ctrocardiographic (ECG) findings have been ob- of other factors responsible for left-axis deviation. P 

ved to be related to symptoms of heart disease in the complexes were determined according to the cla 

lerly. 1-6 The association of ECG changes with chest recommended by the Scandinavian Committee,!2 

idiographic findings has been investigated to some fines premature complexes more precisely than the. 
ent in older people. 27 Long-lived ре opl S Torna së- code. Occasional premature complexes (less than s 

UNE 8 complexes) are also included, 

| population that is rapidly increasing. No data 


The subjects, excluding hospital patients, filled i in 
ple. Th clinical кызыксын of ECG changes of very tionnaire concerning symptoms and medication. Th 


tionnaire was returned by 414 persons. The medical 
nation was carried out by a specialist in internal med cin 
Criteria for clinical congestive heart failure were 1 or 
of the following items: a diagnosis in the subject's S met 
report, heart failure ascertained by a physician; regular 
talis medication for heart failure, and basal pulmonai 
Methods combined with hepatomegaly and leg oedema in the 
= examination. К 
е e total population aged 85 years or older (n = 674) living Criteria for clinical coronary heart disease were: 
impere, Finland, was surveyed in 1977 and 1978. Five of the following items: a diagnosis in the subject's 
red fifty-nine subjects (88%) (99 men, 460 women) were report, coronary heart disease ascertained by a p 
































































ined. The mean age of men was 88 years (range 85 to 96), previous myocardial infarction, chest pain as repo 
and that of women was 88 years (range 85 to 101). 'The age and questionnaire, and medication for coronary heart d 
distribution of the participants did not differ from that Á specialist in radiology examined the relative с 
of the nonparticipants. Of the subjects examined, 48% lived volume per area of skin!? and the state of pulmonary: 










t home, 23% were hospitalized and 29% were in old people’s lation in the chest radiograph. 
















omes. | The statistical significance of frequency differericé 
rest 12-lead ECG at paper speed 25 mm/s was registered. studied by chi-square test. If the expected frequency 
Each ECG was classified separately by 2 internists? according than 5, the difference was analyzed using the Mantel-H 
_ tothe Minnesota code.!? In cases of disagreement, the final procedure. The statistical significance of the differen 
| terior hen was agreed upon after mutual consultation. Left tween the means was assessed by the Student £ test. 













Results 


Sixty-four subjects (11 men, 53 women) report: 
the questionnaire that they were suffering from 
. | symptoms. The electrocardiograms of these. 
n the Department. of Geriatric Medicine, Tampere City Hospital, included more frequently right bundle branch 
d, and the Department of Public Health, University of Tampere, and atrial fibrillation than those of ts Te! al 
d. Manuscript received September 28, 1984; revised manuscript (Table D. | P 

iber 18, 1984, ted December 31, 1984. | ЧЕ; 
Mer 18; И "i Жарда, МО, Department of Geriatrie ©. Clinical congestive heart failure was f 
ital, Parantolankatu 6, SF-33500 vee, i | subjects (43 men, 195 wom 

: 2 ee highly sig: 
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-Minnesota — 
Code E 


1 
Q3 


i nd Without Reported Cardiac Symptoms 


z echec 
D (n = 64) 
ECG Findings (96) 


. No codable change 0 
Q-QS pattern 25 
Left-axis deviation 19 
High-amplitude R waves (left) 20 
ST-segment depression 42 


Symptoms _ 
(п = 350) . 
(%) Е E > Value 


4 
20 
18 
17 
40 


T-wave inversion 52 51 
1st-degree AV block 6 
Left bundle branch block 2 
Left anterior hemiblock 13 
Right bundle branch block 14 
Ventricular premature complexes 22 
Supraventricular premature complexes 14 
Total premature complexes 42 
Atríal fibrillation 27 
Sinus tachycardia 9 


AV = atrioventricular; ECG = electrocardiographic; NS = not significant. 
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Prevalence of Electrocardiographic Findings in Persons Aged 85 Years or 
Older With Clinical Heart Failure, With Clinical Coronary Heart Disease and 
Without Heart Disease 


TABLE II 


Coronary | 

Неап Мо Неап 
Disease Disease 
{п = 86) (n = 


Heart 
Failure 

Minnesota (n = 238) 

Code ECG Findings 

No codable change 

Q-QS pattern 

Left-axis deviation 

High R waves (left) 

ST-segment depression 

T-wave inversion 

ist-degree AV block 

Left bundle branch block 

Left anterior hemiblock 

Right bundle branch block 

Ventricular premature complexes 

Supraventricular premature complexes 

Total premature complexes 

Atrial fibrillation 241 


* p «0.05; їр «0.01; їр «0.001 compared with subjects without heart disease. 
Abbreviations as in Table |. 
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1. 
Е 
2. 
3. 
4. 
5. 
6. 
7. 
7. 
8. 
8. 
8. 
8. 


smallest in subjects with no codable change and greate 
in those with atrial fibrillation, left bundle branch bk 
and ventricular premature complexes (Table IV). P 
monary congestion was observed on chest radiog grap 
in 109 persons (24 men, 85 women). The electrocard 
grams of these subjects included atrial fibrillatio 
ventricular premature complexes and high left R wav 
more frequently than those with normal pulmonary 
circulation (Table V). BN 


ve inversion, ST-segment depression, ven- 
emature complexes and atrial fibrillation 


Discussion 


Only 64 subjects (15%) reported cardiac sjmptonà 
although some heart disease was observed in 2i 
subjects (6995) in clinical examination. The reliabi 
of Dou E answers from older r people has b 


ive. cardiac volume was A us he 





` Minnesota | 


ECG Findings 


| a No connie change 
0-05 pattern 


со 00060 - NOOC 


Left-axis deviation 

High R waves (left) 

ST-segment depression 

T-wave inversion 

1st-degree AV block 

Left bundle branch block 

Left anterior hemiblock 

Right bundle branch block 
Ventricular premature complexes 
Supraventricular premature complexes 
Total premature complexes 
Atrial fibrillation 

Sinus tachycardia 


* Relative cardiac volume >500 ml/m?. 
Abbreviations as in Table |. 


TABLE IV The Relative Cardiac Volume in Persons Aged 85 Years or Older According 
to Various Electrocardiographic Findings 


Minnesota Relative Cardiac 


Code 


і 
Go 


* 


* 


t 


* 


Co о 


1 
1 
2 
3. 
4 
5 
6 
7. 
7. 
.8 
8. 
8 
8 
8 


* p «0.05; їр «0.01; їр «0.001 compared with subjects without codable changes on the electro- 


.  cardiogram. 


ECG Findings 


No codable change 

Q-QS pattern 

Left-axis deviation 

High R waves (left) 
ST-segment depression 
T-wave inversion 
Íst-degree AV block 

Left bundle branch block 
Left anterior hemiblock 
Right bundle branch block 


Ventricular premature complexes 
Supraventricular premature complexes 


Total premature complexes 
Atrial fibrillation 
Sinus tachycardia 


. Abbreviations as in Table |. 


Volume (ml/m?) 


409 + 52 
431 + 95* 
475 + 103° 
490 + 100! 
478 + 107° 
470 + 103* 
459 + 78* 
530 + 118! 
504 + 1131 
489 + 133° 
513 + 133! 
453 + 7T! 
480 + 110* 
584 + 123! 
425 + 76 


TABLE V. Prevalence of Electrocardiographic Findings in Persons Aged 85 Years or 
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ECG Findings 


No codable change 

Q-QS pattern 

Left-axis deviation 

High R waves (left) 

ST-segment depression 

T-wave inversion 

1st-degree AV block 

Left bundie branch block 

Left anterior hemiblock 

Right bundle branch block 
Ventricular premature complexes 
Supraventricular premature complexes 
Total premature complexes 


E Atrial fibrillation 


Congestion 


Older with Pulmonary Congestion and Normal Pulmonary Circulation 


Normal Pulmonary 
Circulation 
(n = 442) 


Pulmonary 


(n = 109) 





D ople, and ther ac- 


orinal phenomena with 


| umber of plas d of heart diseases in the 


E of T-wave inversion, ST-seg- 
re sion, ventricular premature complexes and 
ation in patients with clinical heart failure 
erives from underlying disorders (coronary 
ease, valvular or hypertensive heart disease, 
diac amyloidosis!®) or medication, rather than 
rt failure per se. Digitalis, a medicine used by 
tients with heart failure in the present series, 
се ST-segment depression, T-wave inver- 
id ventricular premature complexes.?? It is 
that hypokalaemia exerted any bias on our 
ce only 7 subjects (1%) showed a serum po- 
lue under 3.5 mmol/liter?'; nor could hyp- 
is significantly contribute to the prevalence 
brillation or premature complexes, because 
5 of untreated hyperthyreosis were discov- 

е examination. 
currence of T-wave inversion, ST-segment 
ion and Q-QS pattern were significantly higher 
ubijete with clinical coronary heart disease than 
> in the control group. Also, Caird et al,? in 
ients older than 65 years, observed these 
je related to myocardial infarction and 
pain reported in medical histories. In 
gh frequency of Q-QS pattern in 
ported myocardial infarction sup- 
servations of atypical manifestations 

art infarction in old age.!56.22 

lectrocardiograms from persons with no heart 
se there were many ECG changes; 1 in 3 had T- 
version and 1 in 5 had Q-QS pattern and ST- 
„depression. Specificity of ECG changes for 
isease is apparently not high in very old 


study, persons with atrial fibrillation, left 
ranch block and ventricular premature com- 

ie greatest mean relative heart volumes and 
sighificant association with heart enlargement 
nonary congestion on chest radiograph. It looks 
se ECG changes are signs of cardiac diseases as 
or heart dilatation and decompensation. In 
with our results, left bundle branch block has 
bserved i in a material of 1,560 persons aged over 


radiograph was s found i in 1 the Framingham study i int | 
age groups 45 to 64 years? as well as in our series. Ap- 
parently, a compensatory hypertrophy of the left: ver 
tricular wall occurs in the process of heart dilatation 
failure also in the very old; this is reflected as high left 
R waves on the electrocardiogram. 
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} е effects of age оп the interrelation between the 
hysical properties of the arterial tree (aortic input 
mpedance) and left ventricular performance (car- 
output) were studied in 45 subjects, aged 19 
? years, without apparent cardiovascular dis- 
e. Ascending aortic pulsatile pressure and blood 
ow velocity were measured with a multisensor 
atheter and cardiac output by green dye or the Fick 
hod. Heart rate and end-diastolic aortic pressure 
nained unchanged with age, whereas aortic 
stolic, mean and pulse pressures and aortic radius 
creased. In subjects younger than 30 years, early 
stolic pressure usually exceeded late systolic 
ssure (type C beat); in subjects older than 50 
5, late systolic pressure usually exceeded early 
lic pressure (type A beat). In 5596 of subjects 
ged 30 to 50 years, early and late systolic pres- 
es were essentially equal (type B beat). The 
npedance spectra from ali subjects showed fluc- 































effects of aging on cardiovascular function have 
ed physicians and physiologists since 1809, when 
Young! introduced his modulus of elasticity to 
arterial function. However, remarkably little is 
n about the detailed effects of aging on cardio- 
iscular hemodynamics. Vascular load increases 
through increases in arterial pressure,” peripheral re- 
sistance? and arterial stiffness.?-^ Aging is associated 
with mild cardiac hypertrophy? and prolonged or de- 
` layed left ventricular (LV) relaxation.” Increases in 
. > vascular load are associated with decreased stroke vol- 
© ume®89 and decreased capacity for increasing stroke 
volume with exercise.!° LV external vascular load can 
ye characterized by the aortic input impedance spec- 
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tuations about the characteristic impedan: 
of elastance) that were greater in the olde 
Peripheral resistance increased 37 % (г: 
<0.001) over the age range of 20 to 6 
whereas characteristic impedance increas 
(r = 0.66, p <0.001). The fundamental 
modulus increased, and the impedan 
minimum shifted to a higher freque 
changes in the impedance spectral patt 
that the ascending aorta becomes 
cross section of the peripheral у 
creases with age, causing їпсгег 
velocity and wave reflection. This 
cular load may account for the ob 
in stroke volume (23%, p <0.0 
output (20%, p <0.005) and th 
mild left ventricular hypertrophy a 
laxation with advancing age. _—j | 
(Ат J Cardiol 1985; 55: 1179 




































іга.3.8.9,1112 Aortic input impedance is а 1 fü 
systemic vascular resistance, central aorti 
(inverse of compliance) or stiffness and wave 
and it selectively describes the arterial system 
present study provides detailed informatio 
fects of age on LV-vascular coupling in human 
without apparent cardiovascular disease. 




















Methods 


The data reported here were obtained from stud 
formed at The Johns Hopkins University (n = 10),* 
versity of Florida (n = 13), Brooke Army Medical 
= 18), and The University of New South Wales (1 
have been published in part elsewhere.!516 The obse 
were made on 45 adults, aged 19 to 62 years, | 
undergoing cardiac catheterization for various c 
cations, the most common of which was a chest pain sy 
No cardiovascular disease was found by hemodyn: 
surements, LV cineangiography or coronary аге: 
During basal state studies all patients were eit] 
or very lightly sedated with oral diazepam 





‘impedance (dynes s cm75) 
is St ince (dynes s ст”) 


irst minimum of impedance moduli; NS = not significant. 


! ised i in 40 subjects. The catheters each contained 
mounted solid-state pressure sensors (Millar In- 
and an electromagnetic blood flow velocity sensor 
Medical Electronics or Millar Instruments). One 
sensor was mounted at the same site as the velocity 
{Һе other was mounted at the catheter tip 5 to 7 


was used for recording LV pressure. À fluid-filled: 


ed to record aortic and LV pressures in the re- 


bjects. The frequency response of this system was' 


mplitude (+5%) from 0 to 20 Hz with a damping 

5, This response is adequate for accurate mea- 
f pulsatile pressure in the human aorta, because 
of the variance of the pulsations is included 
nies.1*15 The velocity-pressure catheter 

га brachial arteriotomy to the aortic 

j Was. within the LV cavity. This arrange- 

the elocity probe and associated pressure sensor 
bove he aortic valve at approximately the upper 
uses of Valsalva. This arrangement tends to 

e transducer in the central axis of the ascending 
re the velocity profile is relatively flat.!? The velocity 
ere used in conjunction with either a square wave 
‘Medical Electronics) or a sine wave (Biotronex or 
atories) blood flowmeter. Details of the technical 
ics and clinical use of these flowmeters and mul- 
eters, including frequency response, drift char- 
and са calibration techniques, have been described 


angiography and coronary arteriography were 
ter hemodynamic data were collected. If the 

as not adequately visualized during the ventric- 

utly, a selective aortic root angiogram was per- 

o measure the mean systolic radius of the ascending 
the site where the pressure and velocity were recorded. 
an output signal (velocity) of the flowmeter was cali- 


| in volumetric flow units (milliliters per second) by. 


nce to a simultaneous determination of cardiac output 
e dilution or Fick method. 

essure and flow velocity signals were recorded on 

ignetic tape and later digitized at a sampling interval 

5. The technical details of the analog and digital 

| ve been described elsewhere. 16.19 Data were 


0 nene er ШОЧ апа phase) as functions 
ip impedance modulus at each harmonic 


| io was computed by sub- 5 


intercept 


` Correlation 
Coefficient 


tracting the phase angle of flow from that of pressure. 14 Detai 
regarding signal av eraging and techniques for removing spu 
rious data caused by noise have been published. 15.16 | 

The impedance at 0 Hz or "input resistance" was calcula: e 
by dividing mean aortic pressure by mean flow. Characteristi 
aortic impedance was estimated by averaging impedance: 
moduli above 2 Hz. Characteristic impedance depends on th 
viscoelastic properties of the artery under study, wherea 
input impedance moduli oscillate around the characteris 
value because of waves reflected from more ` dista 
points. 13,14 Е 

The systolic configuration of the ascending aortic pressi 
wave form was classified according to the criteria of M 
et al.16 

Type А: Peak systolic pressure (Ppk) occurs in late systole 
after a well-defined anacrotic notch or inflection point: (Pi). 
and (Ppk-Pi)/(pulse pressure) is greater than 0.12. 

Type B: Peak systolic pressure also occurs in late systol 
following inflection point, but (Ppk-Pi)/(pulse press 
between 0.0 and 0.12. i 

Type C: Peak systolic pressure precedes a well- defin 
inflection point, and (Ppk-Pi)/(pulse pressure) i is less th 
0.0. | 
The relation between age and the different. Variable 
was obtained by means of least-squares linear regressio 
analysis. 


Results 


The subjects’ ages were fairly well distributed over. 
4 decades. However, there was a larger concentratio: 
of patients (18) in the fourth decade. Of all measu 
ments collected, only heart rate (range 56 to 
beats/min, average 76 + 3, difference not significan 
and aortic diastolic pressure (range 64 to 94 mm Hg 
average 76 + 2, difference not significant) were n 
age-related. This finding agrees with observations mad 
by others.19?? The relation between age and other car 
diovascular variables are given in Table I. a 

Aortic radius: The mean systolic internal radius 
the ascending aorta measured at approximately t 
same site as the pressure and blood flow velocity. (3 ti 
5 cm above the aortic valve) ranged from 1.0 to 1.8 cm 
and showed a positive correlation with age (E = 0.61, 
<0.001) (Fig. 1). This finding represents an increas 
9% in radius or 20% increase in cross-sectioné 
decade. These results are simila 


| previously” 2021. e m 








Aortic pressure waveform: Pressure wave forms 
recorded in subjects younger than 30 years were gen- 
erally type C beats (75%), whereas those recorded in 
subjects older than 50 years were type A beats (90%). 
Subjects'aged 30 to 50 years showed 11% type С, 55% 
type B and 33% type A beats. Murgo et al!® also noted 
a similar relation between pressure wave form and age. 
Examples of pressure waves recorded in a young subject 
and an old subject are shown in Figure 2. Over the age 
range of 20 to 60 years, aortic systolic pressure increased 
25% (from 109 to 136 mm Hg), or 6% per decade (r = 
0.63, p <0.001); mean aortic pressure increased 9% (from 
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FIGURE 1. Change in mean systolic internal ascending aortic radius 
with age. Radius was measured from contrast angiograms at approxi- 
mately the same site as the pressure and velocity (3 to 5 cm above the 
aortic valve). 
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FIGURE 2. Ascending aortic blood flow velocity and pressure wave- 
forms recorded in a young (type C pressure wave) and an old (type A 
pressure wave) subject. 
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94 to 102 mm Hg), or 2% per dead whe = o. 5% р di 
and aortic pulse pressure increased 81% (fróm 31 to 
mm Hg) or 20% per decade (т = 0.69, p «0. 001) Fig. 3). 
These changes in aortic pressure with age are similar t« | 
those reported previously.29 E aS =) 
Cardiac output and stroke volume: Cardiac output — 
decreased (from 7.1 to 5.7 liters/min) 20%, or 5% рег. 
decade over the age range of 20 to 60 years (r = 0. 3L 
<0.005) (Fig. 4). Because heart rate did not change \ wit th | 
age, the decrease in stroke volume with increasing ag 
(Fig. 5) was similar to that observed for cardiac output. tA 29 
Others have noted similar relations between age and _ 
cardiac ejection in humans.10,20,22 2 
Aortic input impedance spectra: Examples ‹ of X 
aortic input impedance spectra from a young subje ect 1 
(type C beat) and an old subject (type A beat) are shown _ 
in Figure 6. The older subjects with type A beats showed — ist 
higher fundamental impedance moduli, well-defined - 
minima and maxima and relatively large oscillations sd 
around the characteristic impedance. Younger subjects _ 
with type C beats had lower fundamental impedance _ 
moduli and less oscillation at higher frequencies. on 
Subjects with type B beats showed an intermediate - a 
pattern. The impedance phase was negative (i.e., flow 
harmonic led pressure harmonic) for the lower har- i 
monics, crossed 0 at approximately the modulus minia 
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FIGURE 3. Change in ascending aortic systolic (closed circles) and 
diastolic (open circles) pressure with age. ' 
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FIGURE 4. Change in cardiac output with age. o 


++ E t м CANI T ea "T о 
t Te. "xi 25.1 vi - Ф м а E À 
CUT DAS “Ау EN Ae | МА: К.ч „МАКЫ Te “шл Ч N 


gx enn STROKE VOLUME 





"n 150 

"a 

A E ctm, 

> ае EI 

- M WAT Pme АЛУ 

pS | 1 рады ч A 
К к? > .* 

ins 90 

E r — -0.30 

e P < 0.025 

? 0 10 20 30 40 50 60 70 


AGE (YEARS) 
FIGURE 5. Change in stroke volume with age. 


b and then usually became positive for the higher 
harmonics. These impedance spectral patterns are 
similar to those reported previously by us1516:22 and 
others. 24 

` The nonpulsatile component of LV load, peripheral 
resistance, increased (from 1,049 to 1,438 dynes s ст-5) 
37% (9% per decade) over the age range of 20 to 60 years 
(т. = 0.47, р <0.001) (Fig. 7), whereas the pulsatile 
component, characteristic impedance (index of aortic 
elastance), increased (from 35 to 83 dynes cm7) 137%, 
ior 34% per decade (r = 0.66, p <0. 001) (Fig. 8). 
` The frequency of the first minimum of impedance 
adil (|Z| min) was also related to age. Over the age 
range of 20 to 60 years, it increased 48% (from 3.1 to 4.6 
Hz), or 12% per decade (r = 0.65, p <0.001) (Fig. 9). 


Discussion 


` The methods used to record and analyze the pressure 
Eod velocity signals at the various institutions were 
identical. The changes in aortic radius, cardiac output, 
Stroke volume, mean arterial pressure and peripheral 
resistance are similar to those previously reported for 
humans. These findings add little in themselves, but 
help establish the validity of other findings as being 
representative for humans at different ages. 
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The changes in arterial pressure are a little different 
from those of epidemiologic studies, in which pressure 
was recorded indirectly in the brachial artery with the 
subject sitting (rather than recumbent) and unsedated 
and uninstrumented.?5 We find here a greater change 
in systolic pressure with age than was found in those 
studies and a smaller change in diastolic pressure. Al- 
though the aforementioned factors may be responsible 
and our data are minute compared with the mass of 
epidemiologic data on brachial artery pressure, we stress 
that recordings of brachial artery pressure may be quite 
different from recordings of central aortic pressure?6 
and that the epidemiologic studies take no account of 
changing amplification between ascending aorta and 
brachial artery with age. The changes reported here are 
similar to those predicted when change in brachial 


‘amplification was taken into account (Fig. 10).1?.25 


The studies reported here show a definite increase in 
both pulsatile (characteristic impedance and reflec- 
tions) and nonpulsatile (peripheral resistance) com- 
ponents of LV vascular load. The increase in charac- 
teristic impedance was surprisingly high—137% 
between ages 20 and 60 years. This increase would have 
been even higher if allowance had been made for change 
in aortic diameter and this had been expressed in terms 
of linear flow velocity.!?27 Merillon et al? calculated the 
increase in characteristic impedance as approximately 
8096 between ages 20 and 60 years, whereas other studies 
of aortic pulse wave velocity suggest change in charac- 
teristic impedance of approximately 60% over this age 
range. 

The cause of change in vascular load can be inferred 
from the change in peripheral resistance and in char- 
acteristic impedance. The former is determined by 
opposition to steady flow in the small peripheral vessels, 
whereas the latter is determined by arterial stiffness. 
A small change occurs in resistance and can be attrib- 
uted to decreased caliber or decreased total cross-sec- 
tional area of small vessels, whereas the greater change 
is in arterial stiffness and is attributable to asymp- 
tomatic arterial degeneration and a possible increase 
in the collagen-elastin ratio.?9 


FIGURE 6. Aortic input impedance spectra (modulus and 
phase) and flow modulus (top) vs frequency in a young (left) 
and an old subject (right). 
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The relation between the left ventricle and its vas- 
cular load is best considered by comparing the modulus 
of ascending aortic impedance against the frequency 
components of LV ejection (flow wave).1?:27 A favorable 
relation is apparent from the low impedance values over 
the frequency range that normally contains most of the 
energy of the LV ejection wave (Fig. 6). Age disturbs thís 
relation by displacing impedance spectra to the right, 
so that the impedance modulus is even greater at the 
frequency of the first flow harmonic than one would 
predict from consideration of change in characteristic 
impedance alone. This point illustrates one of the 
shortcomings in use of characteristic impedance and 
peripheral resistance as LV load. The LV load is af- 
fected not only by aortic distensibility and arteriolar 
caliber but also by reflected waves from arterial termi- 
nations.®1314 Earlier wave reflection resulting from 
arterial stiffening causing increase in pulse wave ve- 

locity?9?7 would be expected to increase vascular load 
more than through increase in characteristic impedance 
alone.91314 Another feature was the increase in fluc- 
tuations of impedance modulus with i Increasing age (Fig. 
6). This can be explained by differences in pulse wave 
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FIGURE 7. Change in nonpulsatile component of left ventricular external 
load (peripheral vascular resistance) with age. 
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FIGURE 8. Change in pulsatile component of left ventricular external 
load (characteristic impedance) with age. 
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velocity in the brachiocephalic and РААЗЫ teri 

system on the one hand and the descending aortic ar ‹ 
femoral arterial system on the other. In young su 
jects, reflections return much earlier from the upper 
body than from the lower body, thus attenuating fluc- 
tuation in modulus.1323 As age increases, wave velocity 
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increases to a lesser degree in upper body arteries than 
in the descending aorta and lower body arteries, so that 
major reflections return at much the same time, with the 
systemic circulation appearing to present a 
(rather than 2) discrete reflecting site, and the imp: 
ance modulus showing considerable fluctuation, as 
predicted in such a condition.?? а 
СҺапге іп ргеззиге pulse wave contour is largely re- 
sponsible for the increase in aortic systolic pressure. 
This is also explicable on the basis of increased aortic: 
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FIGURE 9. Change in frequency of the impedance modulus minimum - 
(| Z| min) with age. 


M 










180 f 
160 ig 
3 
Ẹ 140 <i 
g 
Е SYSTOLIC 3n 
" 120 ж 
A 
2 3 
o 

d 5 ж. 
g 100 Fs Di 
E 
E ай DIASTOLIC NT S 
NI 

60 


ge a АЕ 509 ШЫЛ Сиз с. 


10 20 зо 40 50 60 70 80 
AGE IN YEARS AT LAST BIRTHDAY 


FIGURE 10. Change in brachial artery systolic and diastolic pressures _ 
with age in American male subjects (solid lines). From the U.S. National - 

Center for Health Statistics National Survey (1977). Dotted lines indicate _ 
expected changes in ascending aortic systolic and diastolic pressures. A 
with age. ^ 



























































only cause increase in aortic pulse 
ven stroke volume) but no change in 
nange in wave contour is due to change 
ave reflection.!$ 
ger subjects in this study almost invariably 
ype C aortic pressure waveform with the 
iastolic wave corresponding with or fol- 
the incisura caused by aortic valve closure. This 
e.of pattern previously noted in children! and 
en in sheep, dogs, rabbits and other large 
ental animals.!? This pattern is explicable on 
f wave reflection from the lower body re- 
the conclusion of ventricular ejection. The 
tern, almost invariably seen in the older 
; attributable to earlier return of reflected 
ith the reflected wave from the lower body re- 
during midsystole so that pressure in late sys- 
rmented.!96 The type B pattern in the mid- 
d subjects is attributable to intermediate timing 
reflection. 
indings described here were from occidental 
without apparent cardiovascular disease. As 
y coronary angiography, none had significant 
atherosclerosis, and they had no direct evi- 
atherosclerosis elsewhere. The changes seen 
e most likely associated with aging, but the role 
linical atherosclerosis cannot be excluded. 
changes in pulse wave velocity and in arterial 
› with age have been found in occidental 
ts, in whom atherosclerosis is prevalent, and in 
t subjects, in whom it is not.” 
ie major findings described here can be attributed 
ased arterial stiffness with age because age af- 
tiffness of the ascending aorta itself (and so 
ristic impedance) or because age affects the 
ig of wave reflection from peripheral sites. Both 
d aortic stiffness and early wave reflection 
ffect cardiac performance adversely and may 
it for the mild LV hypertrophy and prolonged 
on!’ with advancing age. We currently are 
ways by which aortic and arterial stiffness may 
еа directly or indirectly by pharmacologic 
0 and how pulse wave reflection may be reduced 
ed pharmacologically to benefit the heart. We 
ieve that such interventions are feasible and logical 
llow directly from the studies on the pathophys- 
of aging on the cardiovascular system. 
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w ; method for measuring left ventricular (LV) 
olume based on gated single-photon emission 
mputed tomography (SPECT) is described. Pre- 
inary phantom studies showed an excellent 
relation between SPECT and observed volumes 
= 0.99, standard error of the estimate [SEE] = 4.9 
mi). SPECT was performed 24 hours after biplane 
- contrast LV angiography in 36 patients. Transaxial 
.. blood pool tomograms were reconstructed by fil- 
tered back projection and reoriented to views or- 
ial to the cardiac axes. Volume was cal- 
culated from serial short-axis tomograms by de- 
termining the base, apex and lateral borders of the 
LV blood pool, ascertaining the number of pixels in 
is volume and multiplying by the known volume of 
pixel. Gated SPECT volumes were compared with 























asurement of ventricular volume has become a 
ndard method of assessing left ventricular (LV) 
ction.'3 Two diagnostic methods are commonly 
used to measure LV volume. Contrast angiography is 
ne oldest and most widely accepted diagnostic method 
r LV volume determination. Planar radionuclide 
blood pool imaging has been developed more recently. 
bsolute LV volumes can be calculated from the planar 
juilibrium blood pool angiogram and the correlation 
D etween radionuclide equilibrium blood pool LV vol- 
umes and contrast angiographic LV volumes is good.4-9 
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 mination based on SPECT and со 
- LV volumes with contrast angiogr pi 


contrast angiographic volumes. At end-sy: 
0.96 and SEE = 12 ml; at end-diastole, г: 
SEE = 27 ml. For ejection fraction, г = 0.8 


= 0.06. To test interobserver variation ini { 









= 0.98, SEE = 8.3 ml). There is an. ехо 
relation between SPECT and contrast ang 
volumes at end-systole; at end-diastole 
is good. SPECT requires no arbitrary Б; 
correction, allows ас isolation. 














for "s LV volume i in a minimally : 
manner. | 





(Am J Cardiol 1985;55:1185. 





However, the necessity for arbitrary backgroun 
activity subtraction and the inability to isolate. 
pool count activity from other blood pool coun 
remain significant limitations for this approach 
given view in the planar approach, there is ofte 
of the LV chamber with either the left кш: 
ventricle. | 

Single-photon emission computed tomé 
(SPECT) theoretically overcomes a principal 1 
of the planar approach by elimination of the ov 
both myocardial and nonmyocardial back 
structures with the cardiac chamber of interest. 
the tomographic approach, mathematical require: 
for the 3-dimensional reconstruction of the cham 
interest can be met.!? Thus, the LV chamber 
isolated and defined in 3 dimensions and its^ 
determined directly, without resorting to g 
assumptions. Also, effects of background coun 
are minimized and no background correcti 
In this report, we describe a method for. 




































па ameter Ласне бет ا‎ with 
rical inserts of varying sizes. Each insert was 
had internal diameters of 1.5, 2.5, 3.0 and 4.0 
:'ontained within each cylindrical insert was 
e cylindrical insert internal volumes were la- 
echnetium-99m in an amount sufficient to yield 
ion rates of 10,000 to 12,000 counts/s. For each 
t, 1 cylindrical insert was suspended i in water within 
er (30-cm-diameter) cylindrical tank. 
tom was positioned in the gantry of a rotating wide 
f view gamma camera system (General Electric Corp. ) 
the Jong axis of the cylindrical insert overlay the axis 
jn of the gamma camera system. Counts were col- 
using a high-resolution collimator and a 15% energy 
vo rotations, 1 of 360° with collection of 128 images 
8°, the other of 180° with collection of 64 images 

















| 5 x5 spatial convolving kernal with a frequency 
0.15 cycles per projection pixel. For each transverse 
constructed, the corresponding 128-point projection 
fom а view were Fourier-domain filtered. Each 


ырен о. work with this model and the work 
et al; leg a threshold of 45% of the maximal counts per 


: ad mies ds of the reconstructed images of 
ind inserts were identified visually and by thresh- 
using 45% of the maximal counts within the recon- 
d raw images. Volume was calculated by summing the 
pixels within the threshold-defined region of in- 
| by then multiplying that number of pixels by the 
pixel (0.054 ml). 


otating about the 2 patient for data collection. 
refully so that his spine overlies the axis of 
iced, with OES ON from Ritchie 







wave by a Brattle gate. Accuracy of this physiologic 
-defining end-systole has been validat 1 










Patient studies: Patients: Thirt 
cardiac catheterization for evaluation of chest pain synd romes 
and who had technically satisfactory 30° right anterior |. 
oblique-60? left anterior oblique biplane contast LV angio- 
grams were studied by gated blood pool tomography. Patients = 
were excluded if they had atrial fibrillation or if more than 6 ~ 
ventricular premature complexes per minute were present at 
rest. The men ranged in age from 35 to 80 years (mean + 
standard deviation 54 + 10) and all underwent cardiac cath- — 
eterization to evaluate chest pain syndromes. Thirty had 
significant atherosclerotic disease involving at least 1 major ` 
coronary artery, 6 had normal coronary arteries and 1 had . 
moderate aortic valve stenosis. No patient had a contrast LV ` 
angiogram that demonstrated dyskinesia, although some had oe 
hypokinesia or akinesia. | 
Contrast ventriculography: Cardiac catheterization. was 
performed with the patient in the fasting, mildly sedated state 
using a General Electric Fluoricon 300 cinefluoroscopic 3 х-га 
imaging system. Coronary arteriography and then LV biplane 
contrast angiography were performed by way of the Judkins 
technique. Opacification of the left ventricle was achieved with -~ 
power injection of 45 to 50 ml of Renografin 769 at a rate of 15- 
to 18 ml/s with the patient's respiration suspended in mid- 
cycle. The cine film speed was 60 frames/s during the angio- 
gram and an electrocardiographic timing strip was recorded. 
The distance of the mid—left ventricle from the x-ray tube an 
image intensifier in both projections was determined to corre 
for magnification. | 
The earliest occurring sinus rhythm, non- -postprematur | 
contraction beat after full opacification of the ventricle was. 
used for volume determination. The end-diastolic frame ¥ 
identified as that frame coinciding with the onset of t 
wave on the electrocardiographic timing strip. End-systole UE 
was identified as that frame with the maximal inward motion  - 
of the ventricular contour. End-diastolic and end-systolic . 
contours were traced into a computer using an x-y digitizer г 
A computer program calculated the area within the LV be 
ders and the long-axis length in both projections at end. 
diastole and end-systole. The computer program then calcu- 
lated the volume of the left ventricle based on the right. 
anterior oblique projection area and length!? as validated i1 
this laboratory. LV volume was calculated from biplane pr 
jection data by the method of Wynne et al.!4 The correlation 
between single-plane and biplane LV volume determination: 
is 0.99 for the methods described and the standard error is less _ 
than 2.0 ml. For this study, we used biplane LV volumes ава 
standard. Ejection fraction was calculated as: (end- diastolic . 
volume ~ end- systolic volume)/end- diastolic volume. = 
Tomographic imaging: All patients underwent. gatec É 
SPECT 1 day after cardiac catheterization. The SPEC' 
procedure was performed using a large field of view gamm 
camera system (General Electric Corp.) equipped with a 
high-resolution collimator. 'T'he system's center of rotation. à 
was checked daily and a 30-million count flood collection was: 
performed; the camera's tuning was evaluated. monthly and: 
adjustments were made as necessary.!> Each patient's blood. 
poo! was labeled with 25 mCi of technetium-99m.!6 The pa 
tient was then positioned on a cradle platform so that the long 
axis through his body overlay the long axis (and center of 
rotation) of the gamma camera system (Fig. 1). Sixty-four : 
images were collected every 2.8? over 180° (Fig. 2) as previ-. 
ously described for thallium-201 imaging.!! The end-diastolic 
projection images were collected during 1 rotation and th 
end-systolic images during a second. End-systole and end 
diastole were determined from the electrocardiogra hic 





























































































The end: systolic С ounta. were collect ; 
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longest feasible collection period that would not substantially 
alter the volume calculation. End-diastolic counts were 
collected for an 80-ms period. Counts at each projection angle 
were collected in a 128 X 128 matrix on a dedicated Nuclear 
Medicine computer system (Medical Data Systems A? Sys- 
tem). For reconstruction of cardiac blood pool images, ap- 
proximately 10,000 counts were collected at each of the 64 
stops during 1 rotation; this count total required a collection 
time of about 15 seconds at end-diastole and 25 seconds at 
end-systole and was individually adjusted for each patient. 
Collection of the count data from each patient required about 
45 minutes. 

Reconstruction of blood pool images was performed by 
filtered back projection as described in the phantom studies 
section. Before reconstruction, back corrections for isotope 
decay, difference in heart rate, and difference in window width 
between end-systolic and end-diastolic acquisitions were made 
so that counts from the 2 separate acquisitions were normal- 
ized. The reconstruction of images from filtered, back-cor- 
rected counts was performed in a 64 X 64 matrix that resulted 
in sequential 6-mm slices perpendicular to the patient's long 
axis. These count data were then reoriented to 3 views or- 
thogonal to the cardiac long axis as previously described for 
myocardial perfusion tomographic imaging.!? For purposes 
of LV volume determination, serial short-axis tomographic 
slices, each representing a thickness of 6 mm, were analyzed. 
The count data in these short-axis slices were zoomed by a 
factor of 2 in the x-y coordinate system, but not the z axis (the 
2 axis of this coordinate system represents the cardiac long 
axis) to allow easier operator analysis of the images. Nonmy- 
ocardial activity was excluded visually on a slice by slice 
basis. 

For determination of volumes, it was necessary to identify 
the short-axis slice approximating the LV base (i.e., the mitral 
valve plane) and the apex, as well as the lateral borders in the 
short-axis slices between the base and apex. To accomplish 
this, the serial short-axis slices from posterior (i.e., posterior 
to the left atrium) to anterior (i.e., close to the chest wall) were 
summed into 1 image. А region of interest was visually de- 
termined by an operator and encompassed activity from the 
left ventricle and left atrium (Fig. 3). Separation of the left 
atrium from the left ventricle (i.e., determination of the mitral 
valve plane) was based on the phasic differences in chamber 
volumes; that is, at LV end-systole, left atrial volume is 





compassing left atrial and left ventricular counts at end-diastole (ED). Center, 
slices. Right, stroke count curve derived by determining counts within regio 
ES, then subtracting ES counts per slice from the corresponding ED short 


valve plane is indicated. LA = left atrium; LV = left ventricle. 
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FIGURE 2. Transverse section through the thorax in the standard 
computed tomographic orientation. Dashed line indicates the 180° arc 
over which image count data were collected. LV = left ventricle; RV 
= right ventricle. Reproduced, with permission, from Ritchie et al. !' 


maximal and at LV end-diastole, left atrial volume is mini- - 


mal.?? On a slice-by-slice basis, end-systolic total counts per 


slice were measured, then subtracted from end-diastolic total - 


counts that resulted in a stroke count curve (Fig. 3). The 


negative stroke count values at the left-hand side of the stroke _ 


count curve reflect atrial counts, whereas the positive count — 


values reflect counts in the ventricle. The short-axis slice with 


a positive stroke count value closest to zero was taken to - 


represent the base of the left ventricle at both diastole and 
systole (Fig. 3). The apex was identified visually. The counts 
in the short-axis slices between the base and apex were pro- 
cessed with a stationary cylindrical filter for resolution re- 
covery and noise smoothing; the left ventricle was then iso- 
lated using an interpolative technique.?! This interpolative 
filter was necessitated by down scatter from the right ven- 
tricle; its use allowed a single threshold value to be applied to 
both the medial and lateral borders of the short-axis image. 
The borders of the short-axis slices between base and apex 
were identified as the 45% count activity threshold of the 
maximal counts per pixel per slice. These postprocessed LV 
regions were then used for volume determination. Each pixel 
represents 0.054 ml of volume. For each slice between base and 
apex, the volume of the slice equals the number of pixels 
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FIGURE 3. Summed short-axis slices. Contrast has been adjusted to allow better demonstration of regions of interest. Left, region of interest en- 


same region of interest applied to summed end-systolic (ES) short-axis 
n of interest in each short-axis slice on a slice by slice basis at ED and 
-axis counts. The tomographic slice number corresponding to the mitral 
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within the postprocessing region of interest X 0.054 ml. The 
volume of the left ventricle at both end-diastole and end- 
systole was determined by summing the slice by slice volumes 
over the length of the left ventricle. 

Statistics: Correlation statistics and standard errors of the 
estimate between 2 sets of data were determined using the 
BMDPS9R program.?? Regression equations were calculated 
using the BMDP6D program. 


Results 


Phantom studies: Length of the cylindrical inserts 
determined by thresholding was 8.25 + 0.30 cm (n = 8). 
` The actual length of the cylinders was 8.26 cm. The 
- correlations between actual volumes and SPECT-de- 
termined cylinder volumes using thresholding to define 
the ends and lateral borders of the cylinder count ac- 
tivity are listed in Table I. For the 360? acquisition, the 
correlation coefficient was 0.994, with a standard error 
of the estimate (SEE) of 5.2 ml. For the 180? acquisi- 
tion, the correlation coefficient and SEE were virtually 
identical (0.994, 4.9 ml). 

Patient studies: Examples of reconstructed tomo- 
graphic images at the mid-LV level in 3 orthogonal 
views are shown in Figure 4. Table II lists by patient the 


TABLE | Phantom Volume Studies 


Volume from 
180? Acquisition 


Volume from 
360? Acquisition 


True Volume (ml) (ml) (ml) 
15 34 32 
41 50 50 
59 64 63 
97 100 102 
Correlation with 0.994 0.994 


true volume 
EE 5.2 4.9 


SEE = standard error of the estimate. 





HAO 
Long Axis 


FIGURE 4. Gated blood pool tomography 
at the mid-left ventricular (LV) level. Rep- 
resentative tomographic images in or- 
thogonal views to the cardiac axes. E.D. — 
end-diastole; E.S. = end-systole; LA = left 
atrium; RA = right atrium; RAO = right 
anterior oblique; RV = right ventricle. 


calculated volume at end-systole and end-diastole and 
ejection fractions for the contrast angiographic biplane 
and tomographic blood pool methods. These relations 
are shown graphically in Figures 5 to 7. At end-systole, 
the relation between SPECT and contrast angiographic 
volume was excellent (r = 0.96, y = 0.79x + 15.5, SEE 
— 12 ml) over a wide range of volumes. At end-diastole, 
the correlation was good (т = 0.81), but SPECT volume 
tended to underestimate contrast angiographic volume 
(y = 0.64x + 16.6) and the SEE was larger (27 ml). Be- 
cause of the discrepancy between SPECT and contrast 
angiographic volumes at end-diastole, SPECT ejection 
fraction also tended to underestimate contrast angio- 
graphic ejection fraction (y = 0.66x + 5.8). Nonetheless, 
the correlation between ejection fractions by the 2 
methods was good (т = 0.85) and the SEE was small. 
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FIGURE 5. Relation between contrast angiographic (Angio) and sin- 
gle-photon emission computed tomography (Tomo) end-systolic vol- 
umes (milliliters). SEE = standard error of the estimate. 
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variability was tested by having a second. pe 
| ion "with the Gal OE n program was the volume program in 5 patients. Again, th 
:d for the gated SPECT technique. Intraobserver and SEE were quite good (г = 0.98, SEE = 8.3 
was tested in 5 patients with a wide range of Bt 
li astolic vores: The correlation coeffi- Discussion 


The phantom experiments show the f : 
radionuclide tomographic volume deterr 
small cylindrical objects: There was no s 


End Diastolic Volume ge oh К oP 
| [ Ejection Fraction | 
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60° acquisition. For patient 
180° acquisition, because it was less 
ig and in theory may provide higher 
‘avoiding collection of count data scat- 
assage through the vertebrae. These experi- 
o confirmed that the 45% maximal-counts 
sed by Tauxe et al!? does yield accurate re- 
uctions of small cylindrical phantoms. We 
e used 45% of maximal counts per slice as the 
old for edge definition in our patient studies. 
mans, the correlation between gated SPECT 
ind contrast angiographic volume at end-systole was 
cellent and the standard error was relatively small. 
somewhat surprising though, that the relation 
in the 2 methods for volume determination was 
3 good at end-diastole. We initially believed that 
ma camera-collimater resolution would be an im- 
tant limiting factor in the determination of blood 
volumes, and we expected that the resolution limits 
> system (i.e., a full-width, half-maximum resolu- 
r technetium- 99m of 1.2 cm at 15 cm!?) would 
to more errors with the smaller systolic volumes. 
opposite findings in this study suggest that factors 
er than gamma camera resolution are adversely af- 
ng the relation between SPECT and contrast an- 
aphic end-diastolic volumes. A possible explana- 
| for this discrepancy involves the definition of the 
base. Our phase-analysis approach only identifies 
rt-axis slice at the junction of the left ventricle and 
atrium. Thus, we used the same short-axis slice 
зет for the LV base at systole and diastole. Phase 
lysis better approximates the end-systolic LV base, 
he end-diastolic base, thus leading to a systematic 
е estimation of LV diastolic volume. Resolution 
ions prevent reproducible visual identification 
LV base at end-systole and end-diastole. 
differences between tomographic and contrast 
giographic LV volumes have several explanations. 
hoton attenuation and scatter may adversely effect our 
thod of LV volume determination. Two groups of 
estigators^? attempted to improve the accuracy of 
ar radionuclide blood pool LV volume determina- 
adding attenuation corrections to their proto- 
nks et al? assumed that a uniform 1-compart- 
nt attenuator was present between LV blood pool 
ts and the gamma camera, and then estimated the 
ance between the left ventricle and the gamma 
ra in each patient. Maurer et al’ determined a 
ismission factor" by having each patient swallow 
technetium-99m-labeled gelatin capsule that was then 
ided. in the esophagus at the level of the LV. 
r attenuation correction method resulted in a 
mprovement in LV volume determination 
red with other planar radionuclide protocols. 
ore, neither of these approaches are directly 
to SPECT. With SPECT, the transmission 
the distance from the gamma camera to the 
I le would need to be determined at each ac- 
e. Also, the 1-compartment attenuation 




















nation when a 180? acquisi- 


ersimp ification of the more complicated a 


| є ptor : 

may also have an dere effect on ı SPECT-derived LV | 
volumes. Computer simulations are being developed to 
analyze the effects of Compton scatter?*?5 but mathe- 
matical models to correct for scatter are still prelimi- ` 
nary. In this study, scatter from right ventricular count . 
activity in particular may have had a deleterious effect 
on LV reconstructions. Deconvolution algorithms may _ 
yield more satisfactory scatter corrections than the i i | 
terpolative approach used by us. Finally, the time in- 
terval between the contrast angiogram and the SPECT - 
studies may have caused some unpredictable detri- : 
mental effect on the relation of 2-уо | 

however, по identifiable € 
present and we suspa! | 
small. ч | iS 
Volume determination b nar gated Blood . 
pool imaging correlates well with contrast angiographic - 
volume determination.*-? Several problems with this - 
approach exist however: (1) arbitrary regions of interest — 
for background subtraction must be specified, (2) left- 
atrial count activity cannot be completely isolated from & 
LV count activity, and (3) additional patient manipu- 
lations such as peripheral venous blood sampling during . 
count acquisition or swallowing of a technetium- 
99m-labeled gelatin capsule before imaging? may be 
necessary. These limitations can be avoided when gated 
SPECT is used and the left ventricle can be isolated and — 
defined in 3 dimensions. Thus, SPECT has obvious 
promise as a direct means of measuring ventricular | 
volumes in a minimally invasive manner. a 
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ег ine how | laser light effects alterations in 
гаѕсиіаг tissue, photoproducts liberated as 
argon laser irradiation of atherosclerotic 
myocardium and calcified aortic valve 
ts were analyzed by gas chromatography, gas 
itography-mass spectrometry and absorb- 
pectroscopy. The products formed in gas 
are those expected when proteins and por- 
ns are pyrolyzed—light hydrocarbon frag- 
s, carbon monoxide and water vapor. The 
enerated products dissolved in solution are 
»xpected when a protein chain or porphyrin 
5 degraded in a thermal reaction, namely pro- 
'agments and nitrogen heterocyclic ring frag- 
These photoproducis are those typical of 













latio of atherosclerotic arteries,!-? ablation 
iac muscle® and debridement of valvular calcium" 
e been successfully accomplished using laser light. 
define how laser light effects alterations of these 
ovascular tissues, identification of the laser-gen- 
hotoproducts is required. Accordingly, the 
nvéstigation was designed to identify photo- 
liberated as a result of laser irradiation of 
OSC lerotic plaque, myocardium and calcified aortic 

aflets. Argon ion laser irradiation of each of these 
was performed in vitro. The resulting photo- 
ots were collected in both gas and liquid phase and 

















hy-mass spectrometry (GC- М5), and ab- 
Spectroscopy (AS). This report is a summary 
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analyzed by gas chromatography (GC), gas chro- 
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combustion or thermal degradation and indicate 
that the fundamental nature of laser irradiation of. 
coronary plaque, myocardium and calcified val 
leaflets is thermal rather than photochemic 
Thermal degradation of myocardium is more ex 
tensive than thermal degradation of atherosclerotic 
arteries or calcified valves because the red hue of 
myoglobin-containing myocardium enhances the 
absorption of the blue-green argon laser light. 1 
contrast, the yellow-white hue of both atheroscle- 
rotic plaque and calcified aortic valve leaflets allows 
less complete absorbance of the argon laser light, 
leading to a lesser amount of converted heat and, op 
therefore, less complete thermal degradation. - | | 
(Am J Cardiol 1985; 55: 1192-1 9. 



















these results have for mechanisms of cardiova: cular 3 
laser therapy. Кал 


Methods 


Collection of liberated photoproducts was facilitated. b use 
of the collection- analysis system illustrated in Figure 1 Fr 
each tissue specimen, a sample measuring approximat el 
cm? in volume was cut out and submerged in water withi 
quartz cuvette. That portion of the cuvette not occupied 
solution was occupied by an inert. argon atmosphere. - 

Laser irradiation of the sample tissue specimen was the 
accomplished using all visible lines of the focused beam of an 
argon ion gas laser (Innova model, Coherent, Inc.). The end 
point of laser irradiation in each experiment was vaporizatio | 
of a portion of the specimen sufficient to generate a quan- ` 
tity of photoproducts that could be analyzed by GC, М8 : 
апа AS.” MT 

After laser irradiation was completed, а sample of photo: 
products liberated as gas effluent was withdrawn through 
syringe inserted through the rubber seal of the cuvette ¢ 
1). The syringe contents were then analyzec ed by GC 
Associates) and in selected cases 
























arable on кшш molecule leni individual 
ydrocarbon fragments) but not for species that are 
ly. 


‘issue. specimens consisted of coronary arterial segments, 
ardium and calcified aortic valve leaflets. The coronary 
ев were procured i in the fresh, unfixed state; cut in cross 
at 3 mm intervals; and refrigerated at 4°C in saline 
ion before laser irradiation. After laser irradiation, the 
al segments were routinely processed? for light micro- 
: examination. The original histologic composition of the 
r-irradiated segment was inferred from the histologic 
appearance of the adjacent non-laser-irradiated segment. 
Samples of myocardium were taken from hearts obtained at 
tmortem examination in which there were no gross foci of 
ibrosis or necrosis; all subepicardial adipose tissue was 
immed from these samples before laser irradiation. Portions 
aflets were cut from heavily calcified, 3-cuspid 
alve leaflets excised at the time of prosthetic valve 


































Results 


Atherosclerotic coronary arterial segments: A 
total of 10 atherosclerotic coronary arterial segments 
- were treated with laser irradiation, using up to 4.0 W of 
E: power, continuously for 15 to 30 minutes. In each case, 
initial analysis of the gas effluent by GC disclosed hy- 
ogen, water vapor and GC peaks in a region generally 
imited to light hydrocarbon fragmentation products. 

ibsequent GC-MS analysis revealed that the hydro- 
carbon products were primarily acetylene, ethylene and 
_ethane, with smaller amounts of longer chain fragments 
uch as PIPE and butadiene (Fig. 2). Trace 





















"IGU RE 1. System used to collect laser-generated 

otoproducts. А 1 cm? sample of target tissue is sub- 

rged in water within a quartz cuvette. After argon-laser 

rradiation, a sample of photoproducts liberated as gas 

ffluent is withdrawn through a syringe. Products 

maining in solution are analyzed by absorbance 
pectroscopy. 
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idue showed x no particulate material. ; pe 
Calcified aortic valve leaflets: A total of 6 ^al 
aortic valve leaflets were treated with 16 W of po 
5 to 30 minutes. Gross examination of the laser-i 
ated leaflet disclosed a moderate amount of 
charring and thermal fusion of calcific deposits. Ат 
of the gas effluent in each case disclosed carbon 
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'arbon fragmentation products (ethane, ethylene and 
propylene). Analysis of the aqueous medium indicated 
. absorbance in the ultraviolet range (200 to 300 nm), 
consistent with protein fragments. 

_ Myocardium: A total of 12 pieces of myocardium 
` were treated with laser irradiation, consisting of up to 
4 W for 5 to 10 minutes. Analysis of the gas effluent 
. disclosed liberation of water vapor, carbon monoxide 


and light hydrocarbon fragmentation products. GC-MS 


` disclosed that the identity of the hydrocarbon frag- 
ments (Fig. 4) was similar to that observed after laser 
- irradiation of segments of atherosclerotic coronary ar- 
_ tery and calcified valves. Analysis of the aqueous me- 


. dium by AS disclosed distinct absorbance between 400 


and 650 nm (Fig. 4), consistent with large, aromatic ring 
units, presumably representing myoglobin degradation 
_ fragments.? Light microscopic examination disclosed 
. hallmarks of thermal injury (Fig. 3). 
-= For laser-irradiated myocardium, quantitative esti- 
| mates of gas evolution were obtained by comparison 
with GC standards injected into the same column. 
- These comparisons indicated that for a 5-minute ex- 










quantity of light hydrocarbon fragments in the gas ef- 
. fluent measured 0.018 cc. In the cases of atherosclerotic 
. coronary arterial segments and calcified aortic valves, 
_ the more limited extent of gaseous photoproducts did 
not permit accurate quantitative analysis. 









er. 


s 2. Photoproducts liberated after laser phototherapy of ath- 
_ erosclerotic coronary arterial segments. Top, representative gas 
. chromatography-mass spectrometry disclosed the following photo- 
` products in gas phase: 1 = hydrogen; 2 = ethylene; 3 = ethane; and 
` 4 = propylene. Water vapor and carbon monoxide were detected оп 
| supplemental gas chromatographic column. (Retention time is in 
- minutes). Bottom, representative absorbance spectroscopy disclosed 
. distinct absorbance limited to the ultraviolet region, typical of small. 
_ protein fragments. 












Discussion — 
This investigation was designed to answer 2 ques- 
tions: What is the identity of the photoproducts liber- 
ated as the result of laser irradiation in the treatment 
of cardiovascular disease? What does the identity of . 
these photoproducts indicate regarding the basic pro- 
cess by which laser phototherapy alters the architec- 
ture of atherosclerotic arteries, calcified valves, and 
myocardium? 

Although the term “vaporization” has been used to 
characterize the effects of laser therapy on atheroscle- 
rotic plaque,?~4 the meaning of this term in the case of 
laser atherolysis is ambiguous. The photoproducts. 
identified in these experiments after argon laser irra- 
diation of coronary arterial segments suggest that laser 
angioplasty proceeds by thermal degradation of ath- 
erosclerotic plaque, yielding small protein fragments 
in aqueous phase, and predominantly light hydrocarbon 
fragments in gas phase. Furthermore, the process is 
independent of the relative amounts of collagen and 
cholesterol present in the atherosclerotic lesion. Finally, 
even when laser angioplasty involves heavily calcified 
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arterial segments, these in vitro experiments indicate 
no evidence of particulate (including calcific) photo- 
product formation. 

In the case of calcified aortic valve leaflets, the results, 
not surprisingly, are similar to those obtained for cor- 
onary arterial plaque. Mónckeberg!? was the first to 
draw attention to the fact that the histologic composi- 
tion of the aortic leaflets in patients with calcific aortic 
stenosis often resembles that of atherosclerotic plaque. 
The nodular calcific deposits are superimposed upon 
a fibrotic leaflet and are themselves encased in a fibrous 
envelope.’ Thus, as is the case for atherosclerotic 
plaque, collagen is the major component, while choles- 
terol represents a minor constituent, of such valves. 
Therefore, it is not surprising that laser irradiation of 
these calcified leaflets yields photoproducts similar to 
those observed after argon laser irradiation of calcified, 
atherosclerotic plaque. 

Photoproducts identified in the present experiments 
as a result of laser irradiation of myocardium included 
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FIGURE 3. Light microscopic evidence of thermal mechanism. Top, 
section prepared from atherosclerotic coronary artery segment after 
argon laser irradiation. Coagulation necrosis (CN) and polymorphous 
lacunae (PL) at perimeter of neolumen are histologic signs of thermal 
injury. Bottom, histologic signs of thermal injury are more extensive 
in this particular case of argon-laser irradiated myocardium. Both 
hematoxylin-eosin stain; original magnification, top Х 2.5, bottom 
X 10. 
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tation products, including acetylene, ethylene, ethane, — 
propylene and butadiene, result from sequential deg- 
radation of organic material; this sequential degradation 


scheme is characteristic of a thermal process. These 
photoproducts establish that vaporization of myocar- 
dium, like vaporization of atherosclerotic arteries and 


calcified valves, is accomplished by pyrolysis. Thermal 
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FIGURE 4. Photoproducts liberated following laser irradiation of myo- 
cardium. Top, representative gas chromatography—mass spectrometry 
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disclosed the following photoproducts: 1 = carbon monoxide; 2 = _ 


acetylene, ethylene, hydrogen cyanide; 3 — ethane; 4 — water vapor; 
5 — propylene; and 6 — not assignable. Bottom, representative ab- 


sorbance spectroscopy disclosed distinct absorbance between 400 — 


and 650 nm, consistent with myoglobin degradation products including - 


protein fragments and nitrogen heterocyclic ring fragments. 
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Clinical Clues to MIXED ANGINA 


MC 


He wasn't exercising; his 
myocardial oxygen demand 
didn't increase. Yet now he's 
having an angina attack. 


And because vasocon- 
striction is an unpredictable 


event, ischemia and pain occur 


unpredictably: 
at rest, or even during sleep 
at varying levels of exercise 
upon exposure to cold 
under emotional stress 
diurnally, typically in 
the morning 


PROCARD 


No. 1 


PROCARDIA® (nifedipine) 
is a primary therapy for the 
patient with MIXED ANGINA. 
It prevents vasoconstriction — 
in both large coronary arter- 
ies and coronary arterioles 
to maintain myocardial 
blood flow and oxygen 
supply. At the same time, 
PROCARDIA dilates perinh- 
eral arteries to reduce 
afterload and myocardial! 
oxygen demand. 


As a result, PROCARDIA 
can significantly reduce 
your patient's angina 
attack rate and need for 
nitroglycerin! 
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Primary Protection in 


Please see PROCARDIA' (nifedipine) brief summary on next page 





Reference: 

1, Stone PH, Muller JE, Turi ZG, et al: Efficacy of 
nifedipine therapy in patients with refractory 
angina pectoris: Significance of the presence of 
ку vasospasm. Am Heart J 106:644-652, 


Brief Summary 
PROCARDIA® (nifedipine) Capsules For Oral Use 


INDICATIONS AND USAGE: |. Vasospastic Angina: PROCARDIA (nifedipine) is indicated for the management of va- 
sospastic angina confirmed by any of the following criteria: 1) classical pattern of ingne at rest accompanied by ST seg- 
ment elevation, 2) angina or coronary artery spasm provoked by ergonovine, or ) angiographically demonstrated 
coronary artery spasm. In those patients who have had angiography, the presence of significant fixed obstructive disease 
is not incompatible with the diagnosis of vasospastic angina, provided that the above criteria are satisfied. PROCARDIA 
may also be used where the clinical presentation suggests a possible vasospastic component but where vasospasm has 
not been confirmed, e.g., where pain has a variable threshold on exertion or in unstable angina where electrocardio- 
graphic findings are compatible with intermittent vasospasm, or when angina is refractory to nitrates and/or adequate 
doses of beta blockers 

Il. Chronic Stable Angina (Classical Effort-Associated Angina): PROCARDIA is indicated for the management of 
chronic stable angina (effort-associated angina) without evidence of vasospasm in patients who remain symptomatic de- 
spite adequate doses of beta blockers and/or organic nitrates or who Cannot tolerate those agents. 

In chronic stable angina (effort-associated angina) PROCARDIA has been effective in controlled trials of up to eight 
weeks duration in reducing angina frequency and increasing exercise tolerance, but confirmation of sustained effective- 
ness and evaluation of long-term safety in these patients are incomplete. 

Controlled studies in small numbers of patients suggest concomitant use of PROCARDIA and beta-blocking agents 

may be beneficial in patients with chronic stable angina, but available information is not sufficient to predict with confi- 
dence the effects of concurrent treatment, especially in patients with compromised left ventricular function or cardiac 
conduction abnormalities. When pi a such concomitant therapy, care must be taken to monitor blood pressure 
closely since severe hypotension can occur from the combined effects of the drugs. (See WARNINGS.) 
CONTRAINDICATIONS: Known hypersensitivity reaction 10 PROCARDIA. 
WARNINGS: Excessive Hypotension: Although in most patients, the hypotensive effect of PROCARDIA is modest and 
well tolerated, occasional patients have had excessive and poorly tolerated hypotension. These responses have usually 
occurred during initial titration or at the time of subsequent upward dosage adjustment, and may be more likely in pà- 
tients on concomitant beta blockers. 

Severe hypotensign and/or increased fluid volume requirements have been reported in patients receiving PROCARDIA 
together with a beta blocking agent who underwent coronary artery bypass surgery using high dose fentany! anesthesia. 
The interaction with high dose fentany! appears to be due to the combination o! PROCARDIA and a beta blocker, but the 
possibility that it may occur with PROCARDIA alone, with low doses of fentanyl, in other surgical procedures, or with 
other narcotic analgesics cannot be ruled out. In PROCARDIA treated patients where surgery using high dose fentanyl 
anesthesia is contemplated, the physician should be aware of these potential problems and, if the patient's condition 
permits, sufficient time (at least 36 hours) should be allowed for P OCARDIA to be washed out of the body prior to 
Surgery. 

Increased Angina: Occasional patients have developed well-documented increased Irequency, duration or severity of 
angina on starting PROCARDIA or at the time of dosage increases. The mechanism of this response is not established but 
could result from decreased coronary perfusion associated with decreased diastolic pressure with increased heart rate, 
or from increased demand resulting from increased heart rate alone. 
Beta Blocker Withdrawal: Patients recently withdrawn from beta blockers may develop a withdrawal syndrome with in- 
creased angina, probably related to increased sensitivity ta catecholamines. Initiation of PROCARDIA treatment will not 
pror this occurrence and might be expected to exacerbate it ү provoking reflex catecholamine release. There have 
een occasional reports of increased angina in a setting of beta blocker withdrawal and PROCARDIA initiation. It is im- 
portant to taper beta blockers if possible, rather than stopping them abruptly before beginning PROCARDIA, 
Congestive Heart Failure: Rarely, patients, usually receiving a bela blocker, have developed heart failure after begin- 
ning PROCARDIA. Patients with tight aortic stenosis may be at greater risk for such an event. 
PRECAUTIONS: General: Hypotension: Because PROCARDIA decreases peripheral vascular resistance, carelul mon- 
itoring of blood pressure during the initial administration and titration of PROCARDIA is suggested. Close observation is 
е “a eomm ded for patients already taking medications that are known to lower blood pressure. (See 

Peripheral edema: Mild to moderate peripheral edema, typically associated with arterial vasodilation and not due to 

left ventricular dysfunction, occurs in about one in ten patients treated with PROCARDIA. This edema occurs primarily in 
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PROCARDIA 


(NI FEDI P| N E) Capsules 10 mg 


PRIMARY PROTECTION IN MIXED ANGINA 
Usual Effective Dosage: 30 to 60 mg/day | 


For most patients, titrate over 7 to 14 days, using the patient's blood pressure 
response, attack frequency, sublingual nitroglycerin intake and activity level as 


a guide. Titration may be more rapid (e.g., 3 days) if symptoms warrant and the 
patient is observed closely. 


Because PROCARDIA decreases peripheral vascular resistance (occasional 
patients have had excessive hypotension), careful monitoring of blood 
pressure during initial administration and upward dosage titration is 
suggested, especially for patients taking drugs known to lower blood 
pressure. Occasional patients have developed increased frequency, duration or 
severity of angina on starting PROCARDIA or at the time of dosage increases. 


A Favorable Safety Profile 


Most frequently reported side effects, usually mild, are dizziness or 
lightheadedness, peripheral edema, nausea, weakness, headache and 
flushing, each occurring in about 10% of patients, transient hypotension in 
about 5%, palpitation in about 2% and syncope in about 0.5%. 


the lower extremities and usually responds to diuretic therapy. With patients whose angina is complicated by congestive 
€ failure, care should be taken to differentiate this peripheral edema from the effects of increasing left ventricular 
ystunction. 

Laboratory tests: Rare, usually transient, but occasionally significant elevations of enzymes such as alkaline phos- 
phatase, СРК, LDH, SGOT and SGPT have been noted. The relationship to PROCARDIA (nifedipine) на is uncertain 
in most cases, but probable in some. These laboratory abnormalities have rarely been associated with С inical symp- 
toms, кане cholestasis with or without jaundice has been reported. Rare instances of allergic hepatitis have been 
reported, 

Limited clinical studies have demonstrated a moderate but statistically significant decrease in platelet aggregation 
мо koras in bleeding time in some PROCARDIA patients. No clinical significance for these findings has been 

emonstrated. 

Drug interactions: taradi enini blocking agents: (See Indications and Warnings.) Experience in over 1400 pa- 
tients in a non-comparative clinical trial has shown that concomitant administration of PROCARDIA and beta-blocking 
agents is usually well tolerated, but there have been occasional literature reports suggesting that the combination may 
increase the likelihood of congestive heart failure, severe hypotension or exacerbation of angina. 

Long acing nitrates: PROCARDIA may be safely co-administered with nitrates, but there have been no controlled 
studies to evaluate the antianginal effectiveness o! this combination. 

Digitalis: Administration of PROCARDIA with digoxin increased digoxin levels in nine of twelve normal volunteers. 
The average increase was 45%. Another investigator found no increase in en levels in thirteen patients with coro- 
nary artery disease. In an Uncontrolled study of over two hundred patients with congestive heart failure vim which di- 
goxin blood levels were not measured, digilalis toxicity was not observed. Since there have been isolated reports 0! 
patients with elevated digoxin levels, it is recommended that digoxin levels be monitored when initiating, adjusting, and 
discontinuing PROCARDIA to avoid possible over- or under-digitalization. 

Coumarin anticoagulants: There have been rare reports of increased prothrombin time in patients taking coumarin an- 
ticoagulants to whom PROCARDIA was administered. 

Cimetidine: A study in six healthy volunteers has shown a significant increase in peak nifedipine plasma levels (80%) 
and aréa-under-the-curve (74%) after a one week course of cimetidine at 1000 mg per day and nifedipine at 40 mg per 
day. Ranitidine produced smaller, non-significant increases. If nifedipine therapy is initiated in a patient currently receiv- 
ing cimetidine, cautious titration is advised. 

Carcinogenesis, mutagenesis, impairment of fertility: Nifedipine was administered orally to rats for two years 
and was not shown to be carcinogenic. When given to rats prior to mating, nifedipine caused reduced fertility at à dose 
approximately 30 times the maximum recommended human dose. /n vivo mutagenicity studies were negative. К 

— Pregnancy Category C. Nifedipine has been shown to be teratogenic in rats and embryotoxic in rals, mice 
and rabbits. There are no adequate and well controlled studies in pregnant women. PROCARDIA should be used during 
pregnancy only if the potential benefit justifies the potential risk to the fetus. 

ADVERSE REACTIONS: The most common adverse events include dizziness or lightheadedness, peripheral edema, 
nausea, weakness, headache and flushing, each occurring in about 10% of patients, transient hypotension in about 5% 
sns in about 2% and syncope in about 0.5%. Syncopal episodes did not recur with reduction in the dose ol 

ROCARDIA or concomitant antianginal medication. Additionally, the following have been reported: muscle cramps, 
nervousness, dyspnea, nasal and chest congestion, shortness of breath, diarrhea, constipation, gastrointestinal cramps, 
flatulence, inflammation, joint stiffness, shakiness, jitteriness, sleep disturbances, blurred vision, difficulties in balance, 
dermatitis, pruritus, urticaria, fever, sweating, chills, sexual difficulties, thrombocytopenia, anemia, leukopenia, pur- 
pura, allergic hepatitis, gingival hyperplasia, and erythromelalgia. Very rarely, introduction of PROCARDIA therapy was 
associated with an increase in anginal pain, possibly due to associated hypotension. 

In addition, more serious adverse events were observed, not readily distinguishable from the natural history of the 

disease in these patients. It remains possible, however, that some or many of these events were drug related. Myocardial 
infarction occurred in about 4% of patients and congestive heart failure or pulmonary edema in about 2%. Ventricular at- 
rhythmias or conduction disturbances each occurred in fewer than 0.5% о! patients. 
HOW SUPPLIED: Each orange, soft gelatin PROCARDIA CAPSULE contains 10 mg of nifedipine. PROCARDIA CAP- 
SULES are supplied in bottles of 100 (NDC 0069-2600-66), 300 (NDC 0069-2600-72), and unit dose (10x10) (NDC 
0069-2600-41). The capsules should be protected from light and moisture and stored at controlled room temperature 
59° to 77°F (15° to 25°C) in the manufacturer's original container. 


More detailed professional information available on request. Revised January 1985 © 1982, Pfizer Inc. 
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orlinucus-Wave Doppler spectra of aortic flow 
elocity were recorded in duplicate i in 20 consecu- 
yi patients with aortic porcine valves by 1 tech- 

Оп 3 occasions: initially and 1 week and 1 
lo! ith later. The highest maximal aortic velocity 
orded from at least 2 transducer locations was 
en from 5 consecutive beats that did not vary. 
The 120 tracings were coded and read by 1 ob- 
server. In blinded fashion, 20 records were read 
twice and 26 were read by 2 interpreters. Variability 
was calculated from the square root of pooled 
\ ariances and expressed in meters per second and 
also related to the mean velocity and expressed as 

ficient of variation for the following 





















Aortic flow velocity measured by continuous-wave 
Doppler is a potentially powerful tool for serial quan- 
titation of left ventricular flow and function. Its use- 
fulness will be determined by methodologic, biologic 
id temporal variation. We examined the effects of 
chnical and interpretive skills, biologic stability and 
the passage of time on the variability of aortic flow 
A velocity. 










Methods 


Twenty men, aged 50 to 84 years (mean 62), with aortic 
cine valves were prospectively examined by Doppler 
hocardiography on 3 occasions: initially and 1 week and 1 
. month later. Criterion for entry was the ability to return to the 
:. «hospital for repeat studies. One technician performed all of 
|... the studies on 1 equipment system, the Irex Exemplar System 
= ш coupled with a Pedof 2-MHz transducer. Velocity tracings 
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tained, а 2-dimensional echocardiogram was taken ove 


and from interobserver: readings. of 26 tra 












categories: interpretive "Tiitracbeervór 
(0.8%), interobserver +0.071 (2.7%) 
СТЕ +0.048 (1.9% )|, Четрог 

0.125 (5.0%): Doppler measurements 
velocity can achieve excellent re 
maintaining constant technique. 
ologic variability of +2%, the v: 
with the passage of time was: 
at +5% and was a result o 
physiology of a few subjects. Thu: 
can distinguish small method errors fr 
of the biology and, by implication, det 
of bioprosthetic degeneration. a, Qut 
E * Cardiol 1985; 55: 


































and electrocardiograms (ECG) were recorded on a ‘bla 
white strip chart at a paper speed of 50 mm/s. = 

The patients rested for approximately 15: minu 
apical, subcostal or right parasternal window was. used 
pending on which transducer location afforded the hig 
maximal aortic velocity. The patients breathed spontaneo 
during the recordings. After the Doppler tracings were 






























succeeding 15 to 20 minutes, followed by a repeat. Dopp! 
examination. This sequence was followed for all 3 studi: 
each patient. The time of day for the studies was at: j 
tient's convenience. Standardization of eating, drini 
smoking was not attempted. | 

Audio and visual signals were used to align the ес 
parallel with the aortic flow jet. A characteristic тї 
high-frequency systolic whistling, free of low- 
sounds, localized the jet. The visual criteria used 
acceptable velocity tracings were a continuous ei 
intense darkening of the highest frequencies at th 
the spectral display and an absence of low-freq 
waves. ! : 

The 6 recordings on each patient were coded and 
records were read by 1 observer. The highest maxim 
that did not vary for 5 consecutive beats was 
reading. The data were decoded and grouped 
variability factors. Interpretive variabi 
from blinded intraobserver duplicate re 
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asureme: ts akon o on li Ail at each study for a total 
| parisons. Biologic and temporal variabilities were 
' ed by comparing the velocities between the initial and 
cessive studies and over the total period. 
each variability category, standard deviations were 
ined for the paired readings and pooled variances were 
ted from the sum of the squares of individual standard 
ions divided by the number of subjects. Measurement 
r variability was calculated from the square root of 
"variance. The data were compared using the variance 
t where Е equals the ratio of the larger pooled variance 
ler pooled variance. Probabilities were determined 
he F distribution. Variability is also expressed as coef- 
of variation, calculated as percent of measurement 
to the mean. 


: Results 


ble гі is a list of ilis aortic flow velocity data for all 
tients. Only the first of the duplicate recordings 
at each successive study are listed. Over the total 

ition period, heart rates varied by no more than 
and blood pressure by no more than 4.2%. 


ceptions n. 4, 5, 12 o showed th aortic суе 
relatively constant, with a variation of 5%. 
Table II is a summary. oft the relative contributio 


second recordings. The ш source of varia don с 
with time, but accounted for only 5% over Ч һе obse 
tion period. 


Discussion 


Doppler ultrasound brings to clinical cardiology 
powerful tool with a potential already realized for: 
estimation of pressure gradients,” ventricular functic 
and cardiac output. As with every technology, its u 
mate value depends on reproducible quantitation. 
cent studies of peak aortic flow velocity measured. 
pulsed Doppler in normal subjects reveal remarkab! | 
small differences between paired observations of 2.5% 
for intraobserver error, 3.5% for interobserver error апа: 
а 5.2% temporal variability over а mean interval of » 
days.? < 

Because we were applying the OS toa a Тош | 
tudinal study of bioprosthetic function, determin: 
reproducibility formed the basis for future compariso 
The results were аш їп the — е ni 


how ‚даи ы {һе metho could be pb | 
duced ec errors in са by maki m 


TABLE Н Methodologic, Biologic and Temporal Variabilities 
Ж E Variability СУ 


Pooled Variance 


Ж Interpretive 


intraobserver 


з "Interobserver | 


0.0004 
0.0051 


0.0023 


0.0112 
0;0178 


0:0153 . 


+0.019 
40.071 


0.048 


0.106 
0.133 
0.125 


+0.8% 
+27% 


+19% ^ — 


24.2% 


5.3% © 
+5. D» Я 





ing натуе: : 
ity established. B 
deviation. | 


n 2 different indon, the results 
ys ic il, in which case we report the 
e.9 In thiss way we limit the sampling to the 
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red forty-four patients underwent a Bruce fined to the inferior wall on the 12-lead ECG. Th 
dmili exercise test during which an addition of the V4 lead as a second ischemic lea 
gram (ECG) was recorded simulta- increased the ischemia detection by 10%. Ninety 
vith a 2-channel Holter recorder with bi- five patients also underwent coronary arteriography 
nd Vs-like leads and by a conventional In these patients the sensitivity of the Honor ун! 
ystem. Sixty-eight patients had no ST de- during exercise in detecting significant coro 
n either the Holter or on the 12-lead ECG artery disease was 81% and that of 12-lead. 
exercise test, whereas in 70 patients was 8496, the specificity was 8596 and 8 
changes were recorded by both methods; spectively, and the positive predictive vai 
38 of the 144 patients (96% ), the results and 91%, respectively. Thus, the 2-channe 
2515 were concordant. The severity of ST recording system with bipolar Уз- and Vlil 
ion, as judged by the heart rate at which was as accurate as the 12-lead system in detect 
changes were first noted and the maximal ischemic changes during exercise and proved that | 
pression observed, were similar on both re- ambulatory monitoring system can reliably repro- — 
g systems. The Holter system identified 6 of duce ST segment. $t 
patients whose ischemic changes were con- (Am J Cardiol 1985; 55: 1200-1203) E 
































































ig „Т:Т changes in a patient during an anginal of the ischemic changes detected by the 2 recording : 
were described by Holter in 1961,! the use of this methods were compared. nans 
for evaluating ischemic changes lags behind its 

rrhythmia monitoring, apparently because of Methods 

onfidence of many investigators in its reliability 
ducing the ST-T segment under dynamic con- 





One hundred forty-four patients (129 men, 15 worin аше. 
studied. Ninety-five patients, who were referred for coronary ; 










levertheless, in many studies Holter moni- arteriography, underwent also both Holter monitoring and - 

as used in patients with unstable angina pec- treadmill testing. The other 49 were referred for noninvasive _ 
ansient vasospastic attacks," silent ischemic evaluation of chest pain: 87 patients had typical chest pain and : 
1 and for evaluation of antianginal drugs. 57 had atypical symptoms. One hundred fourteen patients had. ` 

y tests the reliability of the Holter system in normal resting electrocardiographic results, 30 had Q waves — 
cing ST changes by performing a treadmill test indicative of previous myocardial infarction; patients with left. . 
cording the ECG simultaneously both by the bundle branch block or with abnormal resting ST segment | 
nal 12- lead system and by a 2-lead Holter were excluded. Their age varied from 26 to 78 years. (mean + S 





standard deviation 55 + 10). x 
A submaximal treadmill test was performed using the Bruce 5 
protocol. The patients were connected to the 4 limb leads and ` 
iden Department of Cardiology, Bikur Cholim Hospital, and 6 chest leads used routinely for the stress testing and, in ad- 
e do Pene тета of алш dition, to 5 electrodes for the Holter system. The stress test. 
was performed on a Cambridge treadmill with an automatic 
eia олик орендна дуне 12-lead electrocardiographic system. The test was consid | 
r 31, 198 4.. е if 1 mm or more of horizontal or dow isloph 
rints: Dan Tzivoni, MD, Heiden Department of depression that persisted for at least 80 
т Hospital, Р Р:О. Вох 492, Jerusalem 91000, was observed in any lead. The st 
z | E target heart rate was achieved di 


ording унеш. The localization and the severity 
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| Mean maximal STi 








| E * Values are mean x: standard deviation. 





mm. or more e of ST depression appeared or if a decrease in 
ood pressure of 10 mm Hg or more was noted. 
"The Holter system used was the Del Mar Avionics 447 2- 
channel recorded and the 9401 scanner with a 10 mm = ImV 
libration. This system has a frequency response of 0.05 to 
Hz. The 2 exploring electrodes were attached to the V4 and 
; location and the 2 negative electrodes were attached to the 
tht side of the upper sternum; the ground electrode was at- 
ied to the lower part of the right chest wall. Thus, 2 leads, 
nd V;-like lead, were recorded. The purpose of adding 
3 location was to have 2 leads that can detect ischemic 
anges. The magnetic tapes containing the whole treadmill 
t including the recovery period were printed out thereafter 
real time. The Holter recording was regarded positive if 1 
m or more of horizontal ST depression that lasted for 80 ms 
прег after the J point was observed. 
he patients underwent the treadmill stress test in the 
morning hours and their ECG was recorded both through the 
12-lead and through the Holter system. The following elec- 
ographic variables were analyzed: the leads that 
T depression, the heart rate at which the ST de- 
n first appeared and the magnitude of the ST depres- 
sion, ' ‘hese data were compared with the findings of the 12- 
ead electrocardiographic recording system. 
In 95 patients arteriography was performed within 1 month 
{Һе stress test, using the Judkins transfemoral technique 
in multiple projections. A narrowing of at least 70% in 
liameter at least 1 major coronary artery was regarded 
ignificant. 




















Results 


lectrocardiographic findings on the Holter 
rding system during exercise: Of the 144 pa- 
ients, in 73 no ST depression was observed during 
. treadr ill test by the Holter system. In 71 patients at 
least 1 mm of ST depression was observed; in 37 of them 
е ST depression was regarded mild (1 to 1.9 mm) and 
in 34 severe (2.0 mm or more) (Table 1). 
~: Тће ischemic changes were first noted during exercise 
. on the Holter system at heart rates of 85 to 160 beats/ 
. min (mean + standard deviation 111 + 19). Mean 
Я -maximal ST depression recorded by Holter in any lead 
(Уз or Уз) was 2.6 + 1.5 mm. The mean maximal ST 
epression observed in the V3 lead was 1.4 + 1.2 mm and 
hat in V5 was 2.2 + 1.8 mm. 
[schemic changes were observed in the V4 lead in 51 
the patients and in the У; lead in 64 of the patients 
able II). In 44 patients ischemic changes were re- 
































5 only. Vo show 1 more marked ST depression than. 


: Cs Belweéh ischemic Changes on ‘Holter Monitori " 
, Blectrocardiogram During Treadmill Exercise | 


Holter 





ischemic EF first | 85—160 beats/min— | 82- 160 beats/min 
| решоа а heart rate 111.0 + 19° 110.0 + 18 i: 
ч 1-1,9 mm 37 85 705 
. ST} 22.0 mm 34 40 


Vs 1.44 1.2 mm 
Vs 2.4 + 1.8 mm 
V5 Or Vs 

2.6 + 1.5 mm 


ded i in both the Уз and V; leads. In 7 patients ST ' 
ession was seen in t Һе V3-like lead only, and іп 20 
























Anterior 1.8 4 1.0 = © 
inferior 1.9 Ж t. 5: ү 
Antenor + | 











stars ik Findings During 
Test in 70 Patients with Positiv 
Recording and 12-Lead Electrocar 
During the Test 


TABLE li 





























No. of 
Holter Pts 12-Lead Eca 
V3 51 Anterior leads. | 
Vs 64 Inferior leads 
Vg + М5 44 Anterior + inferior Mods 
V3 only 7 Anterior leads only 
Vs only 20 Inferior leads only 
Vs superior to Vs 18 | | 
Vs superior to V3 49 
V5 similar to Vs 4 . 











Vs in 18 patients, whereas V5 ae mor 
sion than Уз in 49 patients. In 4 patient: 
changes of similar severity were observed in bo 
Electrocardiographic findings on the 1 
system during the treadmill testing: In 75 pat 
at least 1 mm of ST depression was recorded о! 
12-lead ECG during exercise. In 35 patients only m 
erate ST depression (1 to 1.9 mm) was observed 
in 40 marked changes (22.0 mm) were noted. Is 
changes were first noted at heart rates of 82 a 
beats/min (mean 110 + 19). um 
Mean maximal ST depression during tien 
ercise in any anterior or inferior lead was 2.8 + 1 
The maximal ST depression in the anterior a 
aVL, Va to Vg) was 1.8 + 1.0 and that in the 
leads was 1.9 + 1.5 mm. - en 
In 63 of the patients ischemic changes were abse 
in the anterior leads; in 44 of the inferior leads, 
37 in both the anterior and inferior leads. Is 
changes were confined only to the anterior lead 
patients and only to the inferior leads in 7 ра 
Correlation between electrocardiog 
findings in the Holter and in the 12- -lead sy 
during exercise: In 68 patients no ST alteratic 
observed during exercise in any of the record 
tems. In 70 patients changes were recorded- 
methods. Thus, the results of the 2 recording t 
were concordant i in 138 of the 144 patients (96%) 
6 patients were the results discordant; in 5 pa 
depression was observed on the 12- lead ECG on 
in 1 patient on the Holter system only. 
The Holter system detected ischemic cha 













































































he Results of Holter — 





xercise with Coronary 
: 5 Patients: | 






` Angiographic Findings 
Normal Pathologic 
Patients Patients 


(n = 33) 


28 (7096) 
55 5 (996) 
38 28 (7496) 
57 5 (996) 


81% 
84% 
85% 
85% 


91% 
91% 


(n = 62) 


12 (30%) 
50 (9196) 
10 (2696) 
52 (9196) 


























































jor leads during treadmill exercise. Further- 
6 of the 7 patients whose ST depression on 
ав : confined to the inferior wall only, Holter 
'ecorded ischemic changes as well. Of the 5 pa- 
who had ischemic changes during treadmill ex- 
that were not detected by the Holter system, 4 
ST depression in leads L; and aVL only, and 1 pa- 
аа ST depression in the inferior leads only. 
! severity of the ST depression during exercise, as 
ed by the 2 methods, was also almost identical. 
an maximal ST depression (2.5 mm on the 
ystem and 2.7 mm on the 12-lead ECG) and the 
tes at which ischemic changes were first noted 
nin on the Holter system and 110 beats/min 
-lead ECG) were also similar. 
elation with coronary angiography (Table 
Ninety-five patients underwent coronary arteri- 
пу; 33 had normal coronary arteries and 62 had 
al coronary arteries. Fifty-five of the 95 patients 
epression on the Holter system and 57 had ST 
n on the treadmill ECG. In 40 patients no ST 
ities were noted on the Holter system and in 
dmill ECG was normal. Concordant results 
'ding systems were found in 91 of the 95 
6%) in the subgroup of patients who under- 
агу. arteriography. 
0 patients who had no ST-T changes on the 
system, 28 had normal coronary arteries (70%) 
d significant coronary artery disease: none of 
tients with coronary artery disease achieved 
rget heart rate during exercise, and 10 had noST 
on the 12-lead ECG. The 2 patients in whom 
n was detected by the 12-lead ECG but not 
ecording had ST depression in leads Lı 
ly. In 55 patients ischemic changes were 
he Holter system: 50 (91%) had abnormal 
| eoronary arteries. All 5 patients with 




















'esults on the treadmill ECG. In 









_ | E al’ The results of the 1 
d Electócardiographic dms 
© recording: Of the 38 patients with 


T depression on the Holter recording | 
ositi _ selection of patients and the 


Шот 201 Sirene: test results were ап abnormal ST segme : 












recording were similar to. those 


28 (73.7%) had normal coronary arteries, wh: 
57 patients with positive 12- lead electrocardiograp 
results, 52 had abnormal coronary arteries (91.2%). = 
The sensitivity of the Holter recording system for 
detecting significant coronary disease was 81% and that 
of the 12-lead ECG was 84%. The specificity of the 
Holter system was 85% and that of the treadmill EC 
was also 85%. Thus, the predictive value of the Holt: 
recording during exercise as to the presence of corona! 
disease was 91% and that of 12-lead ECG was 92%. i 































Discussion 


The results of this study indicate that if dis | Е 
treadmill testing ST depression is observed. on 
12-lead ECG, it will also appear on the Holter recording — 
system. In 138 of the 144 patients the results of the 2. 
methods were concordant; in 68 no ST depression 
observed by either system and in 70 ST depression was 
noted on both. The severity of the ischemic changes, i ie., 
the maximal ST depression and the heart rate at which 
the ST depression first appeared were identical by b 
methods. Thus, Holter recording was not only as 
sitive as the 12-lead system during exercise in detectin; 
ischemic changes, but also was equally reliable | 
displaying their severity. Ws 

In this study we used 2 leads capable PT record 
ST-T changes, replacing the V;-like lead, used mainly 
for arrhythmia detection, with a V3-like lead. Thisin- . 
creased ischemia detection by 10% and enabled a better - 
evaluation of ischemic changes. Furthermore, i in this — 
study our patients performed an exercise test. protocol - 
during the Holter recording whereas previous studies 
by us!415 and by Crawford et al? showing a lower sen- . 
sitivity and specificity of the Holter system, were per- . 
formed during everyday activities at a lower exercis 
level and with the use of a single lead only. | | ^. 

The Holter recording system detected ST changes P 
that on the 12-lead system appeared either in the an- — 
terior or in the inferior leads. In only 5 of the patients - 
were ischemic changes noted on the 12-lead ECG апа 
not detected by the Holter system; 4 of them had ST- 
depression in Lı and aVL only. It is possible that the - 
Holter system, as used by us, is insensitive in recordin 
ischemic changes confined to the high lateral wa 
7 of our patients ST depression was observed ‹ _ 
12-lead system in the inferior leads only; in 6 of them " 
similar changes appeared on the Holter system as well. . 
Our explanation for this is that the Vs-like and V;-like 
leads are bipolar, with a vertical axis of about 60? th 
resembling Ls of the conventional ECG. IE DS 

'The sensitivity and specificity of the Holter recording | 
during the treadmill exercise, established i іп the group 
of 95 patients who underwent coronary arteriography, - 
were nearly identical to those of the 12-lead recording : 
during the treadmill test. The high sensitivity and - 
specificity i in our series may be ex] plain еб by the areful | 

















































d 


у iste of recording the ST segment of 
1 abou. be tested R aera We recom- 


е рт (had a а “Holter ресе 2-lead 
may be as sensitive as the 12-lead ECG system 
ing ST. changes during exercise will expand the 
ns for its use for evaluation of ischemic changes 

a wide variety of conditions. ns 
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creases left ventricular (LV) shortening. systemic resistance (p <0.05) and afterload а 
these changes result from vasodilation measured by end-systolic wall stress (p <0. 001) 
rom a combination of vasodilation and a The associated changes in the end-systolic pres- 
ve inotropic action is controversial. Load- sure-dimension, stress-shortening and stress- 
endent end-systolic indexes of LV contractility velocity of fiber shortening relations were charac- - 
neasured over a wide range of aortic pres- teristic of a positive inotropic intervention. All 
rated. by methoxamine infusion before end-systolic indexes of LV contractility demon- - 
ng milrinone administration. Sixteen studies strated greater inotropic effect at the higher mitri- - 
performed using echocardiography and cali- none plasma concentrations. Thus, load-indepen- | 
tid pulse tracings in 11 normal subjects. dent indexes of LV contractility show that milrinone | 
jading doses of 30, 45 or 60 ug/kg were has a dose-related positive inotropic effect separate - 
venously over 10 minutes, followed by a from its vasodilator (total systemic resistance) and 
lance infusion to achieve steady-state drug afterload (end-systolic stress) reducing effects. 


Milrinone induced a dose-dependent de- NM 
оше (i.e., before methoxamine) total (Am J Cardiol 1985;55:1204-1209) - 






































е, a derivative of amrinone, has been shown drugs have significant positive inotropic action in hu- 


lide angiographic and echocardiographic mans.? Traditional ejection phase indexes of LV per- 

to increase left ventricular (LV) shortening formance cannot separate changes in LV contractility. 
stics while augmenting cardiac output, de- from alterations in LV loading conditions,'!! and have . 

| filling. pressure and. reducing systemic thus not conclusively addressed this issue. Recently, 








several load-independent, sensitive indexes of | 
contractile state have been defined in terms of phys 
logic events occurring at end-systole.!?-1? These inde 
were used to assess LV contractility under con 
i ity a combination of positive DOE conditions and during milrinone infusion in ord 
ation properties is controversial. Although study the drug's effect on cardiac contractility. - 
1 udies with both milrinone? and its congener 


ance.-? However, vasodilator therapy 


Methods 


Study population: The study population еа ofi di 
normotensive men, aged 18 to 31 years, who had normal car- 
diac examinations and no history of cardiopulmonary disease. 
Subjects were screened for technical adequacy of their LV. 
ultrasound image. No subject had evidence of LV regional wall . 
motion abnormalities on 2- dimensional (2- D) echocardio x 
| graphic evaluation. on 

enneth M. Borow, MD, Cardiology Section, . Experimental protocol: Fac \ 


niversity с of Chicago, 950 East 59th Street, `. with atropine. (0.01 mg/kg) t 
0637. ооо: GE Two- dimensional targeted 











є rsity of í Chicago, Chicago, Illinois. Manuscript received 
1984; revised manuscript received December 19, 1984, 





















aflet of the mitral valve with the trans- 
| t axis parasternal position. Simultaneous 
rdings of LV / M -mode echocardiogram, phonocardiogram, 
t gram, indirect carotid pulse tracing, and systolic 
NS and diastolic blood pressure measurements were performed 
under resting conditions. Arterial pressure was measured with 
the Dinamap'* 845 Vital Signs Monitor (Critikon). This device 
: very accurate.?? АП subjects then received an intravenous 
fusion of methoxamine (rate — 1 mg/min). This drug was 
'hosen for afterload augmentation of the left ventricle because 
tis an a- adrenergic agonist with, at most, minimal inotropic 
` effect.?! The LV response to the pressor challenge was as- 
- . sessed by recording all data every 1 to 2 minutes until the peak 
ru systolic arterial pressure had increased by 30 to 60 mm Hg 
|... above baseline, at which time the methoxamine infusion was 
. « discontinued. The peak pressor effect lasted 2 to 4 minutes. 

. "In all cases, at least 4 data points were recorded. Two-di- 
:. mensional echocardiographic recordings were performed from 
multiple i imaging positions under baseline and peak pressor 
onditions i in an attempt to detect LV regional wall motion 
malities. When systolic blood pressure returned to 
| 1096 of baseline, a milrinone loading dose of 30, 45 of 
g was given over 10 minutes. Studies carried out at a 
ding dose of 30 ug/kg were followed by a maintenance 
usion of 0.66 ug/kg/min. À maintenance infusion rate of 
0.99 ug/kg/min was used in all other studies. After 15 minutes, 

пем baseline recordings were performed. The methoxamine 
allenge was then repeated during the constant milrinone 
nfusion. Data were excluded when heart rate varied by more 
han 10 beats/min between control and milrinone studies. 

‘Blood samples for the determination of milrinone plasma 
oncentration were obtained just before and immediately after 
1 ipletion of the methoxamine infusion. Analysis for plasma 
els was performed at the Sterling-Winthrop Research In- 
‘stitute, Rensselaer, New York. 

_. Sixteen studies provided the data for analysis. Five of these 
tudies were carried out at a loading dose of 30 ug/kg, 5 at 45 
pg/kg and 6 at 60 ug/kg. For each subject, the milrinone data 
мете compared with the immediately preceding control data. 

No subject was studied at more than 1 milrinone dose on a 
*. given day. 

. Data analysis: LV end-systolic dimension, end-diastolic 
imension and end-systolic wall thickness were measured 
rom echocardiographic tracings as previously described.!4-17 
feasurements were determined as the mean value of 5 cardiac 



















































end-diastolic dimension minus end-systolic dimension 
- divided by end-diastolic dimension. LV end-systolic volume 
< гапа end-diastolic volume were estimated from echocardio- 
graphic dimensions using the method of Teichholz et al?? and 
Kronik et al.” This assumes that the visualized portion of the 
ft ventricle is representative of global LV performance, an 
sumption shown to be valid in normal subjects in the ab- 
of LV asynergy.???? LV cardiac output was calculated 
з [(end-diastolic volume — end-systolic volume) (heart rate)]. 
Total systemic resistance was estimated as mean aortic 
pressure (measured by Dinamap vital signs monitor) times 
-< the conversion factor 80 dynes cm~?/mm Hg divided by car- 
— diac output. This assumes that right atrial mean pressure is 
low and, therefore, has little effect on the calculation of total 
systemic resistance in normal subjects. LV ejection time was 
measured from the simultaneous carotid pulse tracing and 
Кеп as the average of 5 beats. The LV ejection time was 
corrected to а heart rate of 60 beats/min using the for- 
ula: (LV ejection time) (VRR interval). The mean velocity 
fiber sh: rter ing, which is sensitive to changes in RR 
rrected. and normalized to the end- 









vere stored a at a a devel just oft ihe 


ycles. The LV percent fractional shortening was calculated . 


| = (066 indexes of LV contractile s 






he a: (end 
— end- Meis dimension nd. diastoli 
rate-corrected ejection time). Calibration 
tracings was performed as described pre 
ment of systolic blood pressure to the 
pressure to the nadir of the tracing.! ^15 ] 
to the level of the incisura was then perfo 
end-systolic pressure. Values obtained in this 
been shown to differ by 3 + 4 mm Hg (mean : 
viation) from simultaneous central aortic sta 
correlation coefficient of 0.97.24 i 

The LV end-systolic meridional wall stress was 
using the following angiographically validated for 


_ 01.35) (Pes) (Des) 


(4) (hes) (+b js m | 
Des} 
where сь = LV wall stress (g/cm?) at end- вув 
pressure (mm Hg) at end-systole, Des and ha 
dimension and posterior wall thickness (cm) 
and 1.35 = factor used to convert mm Hg to 
Statistical considerations: All echocardi 
hemodynamic variables were measured witho 
of milrinone plasma levels. For each study grou 
and milrinone baseline hemodynamic values we 
using the t test for 2 means, with a p value <0. 05 
statistically significant. For each subject, simp 
gression by the least-squares method was used. 
end-systolic pressure-dimension, stress-shor 
stress-rate-corrected velocity of shortening rela 1 
control conditions and during milrinone treatment 
in the position of the lines were individually compa 
control and milrinone states, using LV shortening 
corrected velocity of shortening values at an end-sy 
stress of 40 а/ста?. In addition, the slope of the en 
pressure-dimension relation was determined for ea 
under control and milrinone states. These values. 
meaned and used as a basis of comparison. We hav 
shown that in 8 normal subjects studied on 2 occas 
rated by an interval of 1 hour to 17 months the slo 
relation was reproducible with a mean difference of = 
(range —6% to +8%).}7 
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Results 


Baseline hemodynamics: Table I isa sum 
the baseline hemodynamic data for all 16 s 
Comparisons were made between control and ni 























plasma concentrations. rang ed from 81 te 6l. ng 
(mean 165 + 49). Heart rate эшш stable th roug | 
the study, without significant chronotropic ef 
sulting from milrinone treatment. Although ao: 
systolic pressure did not change signific 
aortic diastolic and mean pressures decreased ( 
LV preload (as measured by end-diastolic dime 
decreased (p <0.01), as did LV end-systolic dim 
(p <0.001). The decrease in end-systolic dimensi 
greater than the decrease in end-diastolic dir 
This resulted in a significant increase (p «0:01 
percent fractional shortening. These changes in] 
and shortening occurred in association with 
crease in total systemic resistance (p <0.05). 
decrease in LV end-systolic wall stress (p « 
End-systolic indexes: Milrinone alter: 
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керн натица ch relation 
om 113 + 27 to 139 + 31 mm Hg/em. The 
mension lines were shifted leftward such 
any end-systolic pressure, the LV end-systolic 
nsion was smaller during the milrinone infusion 
nder control conditions. Similarly, the end-sys- 
stress-shortening and stress-rate corrected velocity 
' shortening relations were shifted upward with 
inone. These changes were more evident in studies 
med at higher plasma concentrations of the drug. 
llustrated in Figure 1 for a subject studied at 
one loading doses of 30 and 60 ug/kg. 
mparisons of the position of each of the end-sys- 
indexes of contractile state were performed at 
arable levels of afterload (Table II). When end- 
lic pressure was 100 mm Hg, milrinone infusion 


ted ina decrease i in end-systolic dimension from. 


cm to 3.16 + 0.43 cm (p <0.05). In contrast, 


increased both the LV shortening fraction (31 


+ 3, p <0.05) and rate-corrected velocity of 
hortening (1.00 + 0.09 vs 1.13 + 0.12 circ/s, p 
when measured at an end-systolic wall stress of 40 
‘The changes іп the LV end-systolic pressure- 

ension slope induced by milrinone were linearly 
ted to the milrinone plasma concentration (r = 0.77) 
4 2A). In 15 of the 16 studies, the slope was greater 
ig milrinone infusion than under control condi- 
This is illustrated for a representative subject in 
3. In a similar manner, the LV percent fractional 
and rate-corrected velocity of fiber short- 
values at an end-systolic wall stress of 40 g/cm? 
were linearly related to milrinone plasma concentrations 
59 and 0.77, respectively) (Fig. 2B and C). 
gure 4 plots changes in LV end-systolic pressure- 
лоп slopes, total systemic resistance and end- 
wall stress as they related to milrinone plasma 
trations. All relations were best expressed using 
gression analysis, with correlation coefficients 
1, 0.61, 0.65 respectively. At all milrinone con- 
ions, the magnitude of the change i in end- systolic 
was greater than the change in systemic resis- 
This disparity was more obvious at the higher 
rinone plasma concentrations. 


Discussion 


fferentiation between load and inotropic ef- 
Intravenous administration of milrinone resulted 
se-related increase in the extent and velocity of 
sr shortening due to the combined effects of de- 
| afterload (i.e., end-systolic stress), vasodilation 
1 creased contractility. The use of the end- systolic 


dm contractility while incorpo- 
ir analysis.11-19.26-29 The end. 
Si гра and stress- esc relations 


- higher correla: or 
UE iei hore tr 


Change in Pes - Des slope 
(mmHg/cm) | 


Change in LV shortening fraction 


Change іп Vcfc at Jes? 40 g/cm 2 
(х1072 circ/second) 


FIGURE 2. Relation of milrinone plasma:c concen ratior 
tricular (LV) end-systolic pressure-dimension (Pes-D у 
shortening fraction at end-systolic stress (ces) оѓ 40 9 
rate-corrected velocity of fiber shortening (Vefe) | 
of 40 g/cm? (C). All contractility indexes wen 


plasma levels. 
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FIGURE 3. A, simultaneous recordings of the left ventricular echocardiogram, phonocardiogram, carotid pulse tracing and electrocardiogram under 
control baseline conditions (before methoxamine infusion) and at peak pressor effect. B, recordings from the same subject as in panel A, performed 
during milrinone administration (before methoxamine infusion) and at peak pressor effect. The carotid pulse dicrotic notch is low and early peaking 
under baseline conditions, reflecting the significant vasodilator effect of milrinone. The carotid pulse morphology normalized with the afterload 
challenge. The end-systolic pressure-dimension (Pes-Des) slope (m) increased significantly over the control value (from 116 to 150 тт Hg/cm). 
Pp = aortic diastolic pressure (mm Hg); Ces = end-systolic wall stress (g/cm?); hes = end-systolic wall thickness (cm); HR = heart rate (beats/min); 
Pps = peak systolic pressure (mm Hg); Vcf, = rate-corrected velocity of fiber shortening (circ/s); % AD = percent fractional shortening. 


+ 
o 
o 


Pes - Des 





Slope 


+40 


Dl TP ais e Baseline 
-20 M 


Resistance 


Baseline 

End -Systolic 
Il St 

-60 Wall Stress 


Percent change from control value 
O 


80 100 120 140 160 180 200 220 240 260 
Milrinone plasma concentration (ng/ml) 


` FIGURE 4. Plot of milrinone plasma level vs changes in end-systolic 
pressure-dimension (Pes-Des) slope, total systemic vascular resistance 
and left ventricular end-systolic wall stress. This illustrates the differ- 
entiation of milrinone’s inotropic, vasodilator and afterload-reducing 
effects. 


and afterload-reducing agent, while at high plasma 
levels, it functions as both an afterload-reducing agent 
and a positive inotrope. Unlike systemic resistance, 
afterload (as measured by end-systolic stress) reflects 
the interaction between the vasodilator and inotropic 
properties of the drug. While systemic resistance mea- 
sures conditions in the periphery, wall stress reflects 
both total systemic resistance and factors intrinsic to 
the heart. Thus, LV afterload can continue to decrease 
with a positive inotropic intervention independent of 
any further change in total systemic resistance. In 
physiologic terms the results of the current study em- 
phasize the difference between the vasodilator (total 
systemic resistance), afterload (end-systolic stress)- 
reducing and inotropic actions of milrinone. 
Methodologic considerations: To interpret the data 
presented in this study, several issues should be con® 
sidered. First, although milrinone's peripheral vasodi- 
lator effect could provoke reflex sympathetic discharge, 
it is unlikely that this occurred in our study, because 


change with milrinone administra 1 : 
iddition, assessment of LV contractility using — 
end-systolic pressure- -dimension, stress-shortening . 


'Stress-rate corrected velocity of fiber shortening 
ations was performed under control and milrinone 
nditions over comparable levels of afterload induced 

ethoxamine. This eliminates the effects of vaso- 
tion as a confounding factor in the evaluation of 
lrinone's direct inotropic effect. 
Second, meridional wall stress was used as a measure 
LV afterload. Although circumferential wall stress 
iy more accurately measure the aggregate forces 
g in the LV minor-axis plane, numerous studies 
shown that both meridional and circumferential 
tress are related to LV регѓогтапсе.30 Since there 
10 significant change in LV shape as demonstrated 


'2-D echocardiography, the changes in meridional апа. 


ircumferential stress should be parallel. This is par- 
cularly true in the current study, in which we used each 
ubject as his own control. 
` Third, the change i in total systemic resistance was 
d using LV volumes derived from targeted 
de echocardiographic measurements. Although 
iethod. of volume determination requires certain 
m etric assumptions,?2? the fact that all subjects had 
ymmetrically contracting LV and each acted as his own 
: ntrol makes these assumptions less important. 
_ Fourth, we used the incisura pressure measured from 
he calibrated carotid pulse tracing to approximate true 
d-systolic pressure. The shape of the carotid pulse 
cing closely resembles the central aortic pulse con- 
our and accurately reflects pressure changes in the 
mal aorta.?! Other investigators have used peak 
ystolic pressure to estimate end- systolic pressure. 19,32,33 
lowever, peak systolic pressure is affected by multiple 
ctors, including the timing and rate of LV peak ejec- 
on and the level of aortic input impedance.*4-*> This 
comes particularly important when drugs with 
odilator action, such as milrinone, are used!? 


at LV performance. Further studies are үү 
; define milrinone’s effects in patients with depressed 
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пі terpretation of Excessive Serum Concentratio so 
of Digoxin in Children E 


GIDEON KOREN, MD, and RUTH PARKER, MD 





n January 1981 and April 1984, excessive and a suicide attempt). In 6 additional case 
oncentrations of digoxin (5 ng/ml or higher) existence of an endogenous digoxin-like substan: 
wded in 47 children, aged 2 days to 16 (EDLS) was shown to contribute to the excessi 
| 10 patients, the high concentrations were levels of the drug. One case could be attributed 
9.25 to 48 hours after death and were digoxin-amiodarone interaction. In 10 of 3 
: y higher than antemortem levels in all patients, digoxin toxicity was diagnose 
8.3: cluding the 15 sampling errors and 6 c. 
3 d 45 antemortem, <0. 0001). In 15 patients EDLS, this represents 63% of the cases 
o. e) the е ино реро serum concentrations a good correlation between digoxin eliminatio 
and serum creatinine concentrations 
<0.01). The above observations sugg 
cessive serum concentrations of digo: 
necessarily reflect potentially toxic levels. Sampling - 
errors, postmortem determinations and circulati : 
EDLS should be considered as oon whet 
toxic levels of digoxin are found. 

















































oh 3 of these patiente, í there were signs of 
oxin toxicity. Six cases were caused by digoxin 
dose (accidental ingestions, pharmacy error 







(Am J Cardiol 1985; ;55: 5:1210-12 








is one of the most ancient drugs in contempo- Methods 


licine. However, despite 2 ош of clinical To identify excessive serum деган of digoxin the 
use remains controversial." Because of its Therapeutic Drug Monitoring Laboratory charts of digoxi: à 
nargin of safety, digoxin serum concentrations at the Hospital for Sick Children in Toronto were screen 
be repeatedly monitored during chronic treat- for the period between January 1981 and April 30 1984 
‚ In adalts, the therapeutic range is 1 to 2.5 ng/ml. assays were performed by a radioimmunoassay (New Enns 
wever, children are believed to be less sensitive to Nuclear until the end of March 1983 or TDX (Al 
goxin and need: higher doses.34 However, excessive since April 1983). The coefficient of variation | fo 
rum concentrations of the cardiac glycoside should this laboratory is less than 5% for levels re 
omatically be interpreted as reflecting toxicity. 
present studies, we reviewed cases of excessive 
digo in concentrations in children to identify the 




































Details of their ages, weights, decani renal functio | 
апа other drug therapy were obtained. E p 


ics ч ‚ Тһе Hospital for Sick Children, Toronto, 
nq Marotta Hospital, Rochester, New York. 
mber 8, 1984; revised MEG received 










nausea, vomiting, рае аа ad 
pain) and о: sigue. ‘Digoxin 


Keren, MD, Division of Clinical Phar- of the concentration-time data af it 
чеп. 5 555 раме Avenue, Toronto, . 0n semilogarithmic - paper. 
WT 3 determined t in patients after u 


“4210 





est for paired results in 10. 


I тшепн elimination TY and 


imn of 5 = =н ог higher were , detected i in 47 
э] They were 2 days to 16 years old. Table I is a 
ем factors that contributed to the ex- 


инс ҮЕ serum concentrations of digoxin: In 
nfants, all of whom had inoperable congenital heart 
заве, postmortem levels were significantly higher (8.3 
. ng/ml) than antemortem levels (3.3 + 1.5 ng/ml) 
).0001) (Fig. 1). The postmortem determinations 
rformed 9.25 to 48 hours after death. No corre- 
n was found between the length of time elapsed 
e postmortem determination and the rate of 
n in serum digoxin concentration. 

ampling error: In 15 instances, digoxin levels of 5 
or higher could be well explained by sampling 
od. 5 minutes to 3 hours after a dose (peak level). 
Subsequently, the dose was discontinued and repeated 
essment failed to reveal excessive levels. None of 

“th se children had clinical signs of digoxin toxicity. 
€ 1: A 4-month-old girl suffering from atrioven- 
canal, cleft mitral valve and congestive heart 
yas treated intravenously with digoxin in a dose 
р twice daily. She appeared to benefit from the 
g and previous serum concentrations recorded be- 
a dose were 1.5 to 2 ng/ml. One morning a level of 
2 ng/ml was recorded, and digoxin therapy was 
opped despite the potential benefit and lack of toxic 
l'wenty-four hours later, the digoxin level was 1.7 
Investigation revealed that the excessive con- 


d ministration of her morning dose. 

'erdose: Overdose could clearly be determined in 

25, 4 of which occurred outside the hospital. Two 
ie twallowed « an undetermined number of ын 


E of a rian о, error. A 15-year-old girl 
sumed 32 tablets of her father’s digoxin during a 
icide attempt. Because of induced emesis and char- 
al ngestion, it was impossible to determine how much 
drug was eventually absorbed. 

n 1l insufficiency: In 10 instances, renal insuffi- 
y was evident at the time of the excessive serum 
ntration of digoxin. Three patients had end-stage 
ғу diseases; however, the digoxin dose was not re- 
and dosing intervals were not prolonged to adjust 
enal disease. Acute digoxin toxicity occurred in 
па few other cases, acute renal insufficiency. 

sidered i in adjusting digoxin dosage. 


ious digoxin-like substance (EDLS): Six 
anc infants showed evidence of circu- - 


EE 


rtially explain feuis ol of e | 


ү TABLE | ! Mechanism 


Serum Cor 


High postmortem lvo. т 
Sampling error “ 
Overdose 

Renal insufficiency 


cases, the high measured level of disi cout not be e explain 
of the above factors. E M i: e 


excessive digoxin. All six were idi I 
patients, there was associated acute renal fai 
ID). Because of high serum concentrati 
therapy was stopped; however digoxin level 
sured by the routine radioimmunoassay con 
rise in 4 of them. In 2 other patients, afte 
decrease in serum concentrations, the digi 
eventually ' plateaued" despite cessation of 
a few days. ` 
Сазе 2: А critically ill Б week- old bay wi 
aortic stenosis, cardiac. failure and endo 
treated with digoxin, 10 ug/kg twice d; 
measured serum concentration was 1.8 ng m 
later, during deterioration of his gener: 
predose level was 6 ng/ml, and conseqt 
therapy was stopped. However, 2 days x el 


DIGOXIN CONCENTRATION (ng/ml) 


FIGURE A -Bostmortém с con 


a ийе than Antemortem: 
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TABLE | Characteristic of Six Infants Who Had Evidence That Endogenous Digoxin-Like 
Substances Contributed to Excessive Digoxin Readings 


Wt Age Highest Serum Digoxin : 
Pt (Кд) (days) Diagnosis Reading (ng/ml) 
A.L 0.51 21 PDA, RDS 6.0 
C.M 3.2 37 RDS, aortic stenosis 11.4 
C.L 4.0 7 Septic shock, RI 6.6 
С.2 5.2 60 Endocardial fibroelastosis, В! 5.2 
E.C 3.8 20 Multiple thrombi, RI 7:2 
S.C 5.5 270 AV canal, RI, Down's syndrome 6.2 


AV = atrioventricular; PDA = patent ductus arteriosus; RDS = respiratory distress syndrome; RI = 
renal insufficiency; SBE = subacute bacterial endocarditis. 


` before his death, the serum digoxin concentration was 


. 11.4 ng/ml. 


Case 3: A 9-month-old boy with Down's syndrome 


. and atrioventricular canal was referred from another 
- hospital because of deep coma secondary to an errone- 
` ous overdose of morphine. On admission, a serum di- 
` goxin concentration of 6.2 ng/ml was found, and digoxin 
_ therapy was discontinued. During the following days, 
` the serum digoxin concentration slowly decreased (with 

a T! of 64 hours). corresponding to transient renal 
` failure. However, after reaching a level of 1.3 ng/ml, 


serum digoxin concentration stayed unchanged at levels 
between 1.3 and 1.5 ng/ml for an additional week, al- 
though digoxin was not administered. 

Interaction of digoxin with other drugs: A case of 


` amiodarone-associated digoxin toxicity has been re- 
` ported elsewhere.? Digoxin-quinidine interaction has 


been reported in a group of children and may cause toxic 
signs5; however, none of the patients in these studies 
had a level of 5 ng/ml or higher. Similarly, in a group of 


` newborn infants with patent ductus arteriosus, serum 
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digoxin concentrations were acutely elevated after ad- 
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SERUM CREATININE (mg/dl) 


FIGURE 2. Good correlation between serum creatinine concentration 


` and digoxin elimination half-life (T/2). The circled point represents a 


child with digoxin-amiodarone interaction; despite relatively adequate 
renal function there was a prolonged Т'/2. 


ministration of indomethacin, although digoxin levels 
did not reach 5 ng/ml.? 

Digoxin toxicity: Ten patients had evidence of di- 
goxin toxicity (Table III). Nine of these patients had 
digoxin overdose or renal insufficiency. In some of the 
more critically ill children, digoxin toxicity may have 
been masked by their generalized disease. In none of the 
cases of high digoxin concentrations resulting from er- 
roneous sampling were there signs of digoxin toxicity. 
After excluding these 15 cases and an additional 6 cases 
of EDLS, digoxin toxicity could be diagnosed clinically 
in 6396 of cases with serum digoxin concentrations of 5 
ng/ml or higher. 

Digoxin elimination half-life: In 19 cases, there 
were sufficient data to calculate the correlation between 
serum creatinine concentration and digoxin elimination 
T5 (r = 0.71, p <0.01) (Fig. 2). One child had a di- 
goxin-amiodarone interaction; despite relatively ade- 
quate renal function there was a prolonged T of di- 
goxin, presumably because of inhibition of the renal 
tubular secretion of digoxin without affecting glomer- 
ular filtration rate.? 


Discussion 


The arbitrary cutoff value of 5 ng/ml that we chose 
does not imply that digoxin toxicity cannot occur at 
lower levels.? Halkin et al? found electrocardiographic 
toxic signs in 4 out of 11 neonates and infants who had 
digoxin levels higher than 2 ng/ml. Lanese and Mizkin,!? 
on the other hand, found no relation between serum 
concentrations and onset or persistence of cardiac ar- 
rhythmias.!? However, in our attempt to interpret ex- 
cessive digoxin levels, we had to choose a level that is 
identified by all clinicians as potentially toxic. Several 
mechanisms could be positively identified as causing or 
contributing to excessive serum concentrations of the 
cardiac glycoside. Postmortem levels were significantly 
higher than antemortem levels in all children studied 
(Fig. 1). These results are consistent with previous re- 
рогїв,!11? suggesting that after death, redistribution of 
digoxin takes place. We recently reproduced these re- 
sults in rats, showing that after death, digoxin reenters 
the blood from various tissue compartments, presum-* 
ably because of cessation of the active accumulation of 
the glycoside that occurs during life.!? T'hese observa- 
tions may have important medicolegal implications. An 
attempt to prove digoxin intoxication as a cause of death 
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he high incidence of plius errors (43% of living 
es) was surprising. In all these cases a digoxin level 
g/ml or higher was interpreted as potentially toxic, 
drug : was discontinued for varying lengths of 
ter intravenous, intramuscular or oral admin- 
ion of digoxin, large amounts of the drug circulate 
blood. The distribution of digoxin is relatively 
‘slow, and eventually only about 1% of the dose stays in 
` the blood, the rest being distributed into muscle, liver, 
kidney and skin.!? Consequently, a post-dose sampling 
тау yield extremely high levels, which do not correlate 
with or reflect toxicity. In none of these cases were there 
gns of digoxin toxicity. 

Digoxin overdose appeared to be the single most 
n dodo of digoxin toxicity, accounting for 60% 

























of 16 ne ien levels desc to 6 D On the other 
_. hand, children with compromised hearts showed signs 
p of Mond when levels reached 5 to 6 -— Other fac- 
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humans, digoxin is eliminated almost entirely 
hanged by the kidney through both glomerular fil- 
ion and tubular secretion.!? This association is 
y documented by the correlation between the 
lim nation T} of digoxin and creatinine serum con- 
entration. Several exceptions must be taken into ac- 
ount: Several drugs, including the antiarrhythmic 
ents quinidine, verapamil and amiodarone decrease 
enal clearance of digoxin without affecting glomerular 
ation rate®; consequently, they may cause accu- 
-< mulation and toxicity of digoxin. In such cases, pro- 
_ longation of digoxin T! will not be accompanied by an 
ncrease in serum creatinine concentration. This is ex- 
mplified i in the present study by the child who had 
xin toxicity associated with amiodarone (Fig. 2; 
ed point). Whenever опе of these drugs is coad- 
istered with digoxin, a careful assessment of digoxin 
m concentration should be carried out with ap- 
riate reduction of the dose to avoid toxicity. 
ng renal failure, both clearance and volume of 
of digo: ‘in a are decreased, and therefore the 
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TABLE m ‘Clinical and | 
Manifestatioi | 
Children . 








Mechanisms of accumulation. 
Overdose | 
Renal insufficiency . | | 
Digoxin-amiodarone interaction T 

Clinical signs | Ee 
Anorexia 
Nausea 
Vomiting | 
Lethargy 
Congestive heart failure - 

Electrocardiographic signs - 

Sinus bradycardia | 

Atrial escape beats 

Cardiac arrest 

Changes in ST segment - 

Wenckebach phenomenon 

ist-degree atrioventricular block 

Nodal rhythm | 

Bigeminy 
Idioventricular rhythm 
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loading and maintenance dose should be 
reduced and the dosing interval prolong 
The possible existence of EDLS in бо 
is of particular interest. Previous studie 
EDLS exists in the blood of a majority of prete: 
Ѓапіѕ!4-16, however, none of the infants in these 
was receiving digoxin. Unexplained elevation of 
levels in critically ill adults with renal failure h 
attributed to EDLS.!? Our children with ED 
tinued to have increasing digoxin levels long 
continuation of cardiac glycoside therapy with 
dence of digoxin toxicity. In other cases, digoxin se 
concentrations decreased to a “plateau” level th 
maintained for long periods. These phenomen 
have been partially explained by acute chang 
tribution volume and clearance; however, eve 
failure digoxin levels decrease gradually and. 
crease.!8 Moreover, these possible changes can 
plain the residual steady readings of digoxin lon 
stopping treatment. Until an assay is available that 
differentiate between digoxin and EDLS, it is advis 
to measure a pretreatment level of digoxin in new| 
infants or critically ill children. This may yield soi 
information on EDLS levels; however, these level: 
not stable over time, and a simple subtraction 
treatment EDLS level from apparent reading of d 
during treatment may not yield the "true" le 
digoxin. 
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Percutaneous Transluminal Angioplasty 
of Left Internal Mammary Artery Grafts 


DEAN J. KEREIAKES, MD 
BARRY GEORGE, MD 
SIMON H. STERTZER, MD 
RICHARD K. MYLER, MD 


Recent data have demonstrated the superior long-term 
patency of left internal mammary artery (IMA) grafts 
compared with saphenous vein (SV) grafts, making the 
left IMA a preferable choice, particularly in younger 
patients.l-? Percutaneous transluminal angioplasty 
(PTA) can successfully dilate SV graft stenoses after 
bypass surgery.* This report describes the successful 
PTA of left IMA grafts in 2 patients. 


Patient 1: A 46-year-old man with exertional angina un- 
derwent surgical coronary revascularization with an SV graft 
to the posterior descending and left anterior descending di- 
agonal branch arteries and a left IMA anastomosed to the 
left anterior descending artery 6 months before referral for 
PTA. One month after surgery, angina recurred and selective 
coronary angiography showed a severe stenosis at the left 
IMA distal insertion (Fig. 1). РТА was performed with a No. 
8Fr Judkins right 4-curve USCI guiding catheter, a 0.014- 
inch flexible, steerable guidewire and an LPS 25-25 USCI 
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dilation catheter. Successful PTA was evidenced by a re- 
duction in the transstenotic pressure gradient (from 50 to 
5 mm Hg) and in luminal diameter stenosis (from 95 to 20% ) 
(Fig. 1). There were no complications and anginal symptoms 
have not recurred during 6 months of follow-up. — 

Patient 2: A 54-year-old man with exertional angina un- 
derwent surgical coronary revascularization with an SV graft 
to the circumflex coronary artery and the left IMA anasto- 
mosed to the left anterior descending artery 3 months before 
referral for PTA. Selective coronary angiography performed 
before surgery demonstrated a severe stenosis at the origin 
of the left anterior descending artery and no significant 
narrowing of the distal vessel. One month after surgery, an- 
gina recurred and selective coronary angiography demon- 
strated stenosis in the left anterior descending artery distal 
to the left IMA insertion (Fig. 2). PTA was performed with 
a custom-formed 8Fr SV USCI guiding catheter, a 0.014-inch 
flexible, steerable guidewire and an LPS 25-25 USCI dilation 
catheter. Successful PTA was evidenced by reduction in 
transstenotic pressure gradient from 50 to 8 mm Hg and in 
luminal diameter stenosis from 80 to 25% (Fig. 2). No com- 
plications occurred and anginal symptoms have not recurred 
during 5 months of follow-up. 


PTA of left IMA grafts may be indicated as a result 
of stenosis at the distal anastomosis related to technical 
factors (Fig. 1) or progression of atherosclerosis in the 
distal native vessel (Fig. 2) or in the left IMA graft itself. 
These patients may otherwise require reoperation and 
either surgical revision of the left IMA graft or re- 
placement with an SV graft. PTA may be safely and 
effectively preformed in many of these patients using 
standard equipment. If adequate seating of a No. 8Fr 





FIGURE 1. Left, lateral projection of selective left internal mammary artery angiogram demonstrating severe stenosis at distal insertion (arrow). 
Middle, right anterior projection showing guidewire placed distally in the left anterior descending artery and dilation catheter at point of stenosis. 
Right, selective angiogram in lateral projection showing marked improvement in severity of stenosis (arrow). 
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FIGURE 2. Left, right anterior oblique (RAO) projection of selective left internal mammary artery angiogram showing stenosis of left anterior descending 
artery distal to the insertion of the left internal mammary artery graft (arrow). Middle, RAO projection showing guidewire in distal left anterior descending 
artery and dilation catheter inflated in region of stenosis. Right, selective angiogram in RAO projection showing marked improvement in severity 


of stenosis (arrow). 


Judkins right 4-curve guiding catheter in the left IMA 
ostium is not possible, a No. 8Fr non-preformed guiding 
catheter can be custom-formed to the shape of a left 
IMA or SV graft diagnostic catheter. Standard pre- and 
post-PTA management, including calcium antagonist 
and antiplatelet therapy, was used in both of our pa- 
tients. With rapid proliferation in the use of the left 
IMA graft, the need for PTA of this conduit may be- 
come more frequent. 
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Coronary Artery Collateral Visualization 
During Acute Coronary Occlusion 


JAMES A. HILL, MD 
ROBERT L. FELDMAN, MD 
ROBERT G. MACDONALD, MD 
CARL J. PEPINE, MD 


Filling of a severely stenosed or totally occluded coro- 
nary artery by collateral vessels is often seen during 
- eoronary angiography. Of central importance is the rate 

of development and physiologic significance of collateral 
vessels during acute coronary occlusion. Percutaneous 
transluminal coronary angioplasty (PTCA) provides a 
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convenient model to study effects of acute coronary 
occlusion." In this study we used balloon occlusion to 
evaluate the time course of development of coronary 
collaterals after acute coronary occlusion and the rela- 
tion of angiographically demonstrable collateral filling 
to manifestations of ischemia. 


Six men, aged 51 to 58 years (mean 55) years, undergoing 
clinically indicated PTCA for chronic angina were studied. 
These patients were selected because they had no collateral 
vessels to the artery undergoing PTCA. Patients were pre- 
medicated with aspirin, 325 mg, dipyridamole, 75 mg, and 
diphenhydramine, 50 mg. Size 8Fr sheaths were inserted into 
both right and left femoral arteries and a No. 7 balloon flo- 
tation catheter was placed in the pulmonary artery to 
monitor and measure pulmonary capillary wedge pressure. 
Either a right or left Judkins catheter was positioned from, 
the left femoral artery for angiography of the coronary artery a 
contralateral to that undergoing PTCA. Before PTCA, right 
and left coronary angiography (Renografin 769) was per- 
formed to assess the presence of collateral vessels supplying 
the artery distal to the stenosis to be dilated. PTCA was 
performed in the standard fashion using appropriately sized 
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Occluding Clot in the Left Main 
Coronary Artery with Survival Long 
Enough to Develop Massive Left 
Ventricular Wall Necrosis 


ILDEFONSO J. MAS, MD 
CHARLES W. BARTH, Ill, MD 
PADMA K. SHUTLK, MD 
MAZHAR U. SHEIKH, MD 
WILLIAM C. ROBERTS, MD 


Total occlusion of the left main (LM) coronary artery 
is rare in patients with acute myocardial infarction 
_ (AMI). We found published reports describing 5 pa- 
- tients with AMI who by angiography during the first 
` day of presentation had total occlusion of the LM cor- 
. onary artery.'—. All 5, each of whom had presented with 
` cardiogenic shock, had early intracoronary thrombolytic 
_ therapy with opening of the lumen of the LM coronary 
artery and all survived. Additionally, another reported 
patient with AMI had total occlusion of the LM coro- 
nary artery by angiogram at day 15— but no coronary 
 angiogram or thrombolytic therapy earlier—and this 
` patient was alive 1 year later.* The present report was 
prompted by study at necropsy of a patient who sur- 
- vived 54 hours after onset of AMI and who had total 
occlusion of the LM coronary artery by clot superim- 
— posed on atherosclerotic plaque. 


J.B., a 68-year-old previously healthy, active and 
` asymptomatic man, while walking to a football game, felt 
` nauseated, sat down on a curbstone and fainted. He was 
> unconscious for about 45 seconds, during which time he did 
` not urinate or defecate. Two hours later he arrived at the 
hospital emergency room. He appeared alert; he was still 
- nauseated and he had mild, persistent pain in the left in- 
frascapular region. The blood pressure was 120/80 mm Hg. 
(For several years he had taken a £-blocking drug for sys- 
- temic hypertension.) Precordial examination disclosed no 
abnormalities except for softer heart sounds than expected. 
` Bibasilar rales were present. The electrocardiogram shown 
_ in Figure 1 was recorded. Furosemide, nitrates, morphine, 
. oxygen and lidocaine were administered. A repeat electro- 
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cardiogram 6 hours after fainting revealed right bundle 
branch block and left-axis deviation, findings that had not 
been present in the earlier electrocardiogram. The pulmo- 
nary arterial wedge pressure 12 hours after fainting was 20 
mm Hg and the pulmonary artery pressure was 50/18 mm Hg. 
Electrocardiogram recorded 12 hours after fainting is shown 
in Figure 1. On the echocardiogram (both M-mode and 
cross-sectional) recorded 13 hours after fainting, the left 
ventricular dimension at end-diastole was 50 mm and at peak 
systole, 42 mm; the walls of both ventricular septum and left 
ventricle contracted poorly. The heart size was normal on 
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FIGURE 1. Electrocardiograms recorded 1 year before death (first 
tracing), at the time of presentation 2 hours after syncope (second 


tracing), 12 hours after syncope (third tracing), and 37 hours after - 


syncope (fourth tracing). 
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chest radiograph. The serum total cholesterol level was 331 
mg/dl. Other recorded electrocardiograms also are shown in 
Figure 1. The serum creatine kinase level rose to 2,490 
MU/ml and the MB band was 11% at 22 hours after onset. 
During the 52 hours in the hospital, the systemic arterial 
pressure slowly fell, evidence of left-sided congestive heart 
failure gradually worsened despite vasopressors and endo- 
tracheal intubation, and fatal ventricular fibrillation oc- 
curred. 

At necropsy, the heart weighed 450 g. Thromboembolic 
material protruded from the left coronary ostium into the 
aorta (Fig. 2). The LM coronary artery was totally occluded 
by a combination of thromboembolic material and underlying 
atherosclerotic plaque. The lumen of the LM just before its 
bifurcation was narrowed up to 8895 by plaque and 12% by 
clot as determined by videoplanimetry; just after its origin 
from aorta, the lumen of the LM was narrowed 31% by 
plaque and 69% by clot. Thromboembolic material was found 
only in the LM coronary artery. Each of the 4 major coronary 
arteries was divided into 5-mm segments, each was prepared 
for histologic study, each was stained by the Movat method, 
and the degree of narrowing by plaque of each segment was 
determined (Fig. 3). The entire anterior and lateral left 
ventricular free walls and the anterior one-half of the ven- 
tricular septum were necrotic (Fig. 4). 


It is unclear if the clot in the LM coronary artery in 
the patient was an embolus or a thrombus. That it 
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FIGURE 2. Diagram of clot and atherosclerotic plaque totally occluding 
the left main coronary artery with clot protruding from the left coronary 
ostium into the aorta. LAD = left anterior descending; LC = left cir- 
cumflex; R = right coronary arteries. 
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FIGURE 3. Bar graph showing number of 5-mm segments of the left 
main (LM), left anterior descending (LAD), left circumflex (LC), obtuse 
marginal (OM) and right (R) coronary arteries narrowed by atheroscle- 
rotic plaque only in 5 categories of cross-sectional area (XSA) nar- 
rowing. Of the 67 five-millimeter segments examined, 3% were nar- 
rowed 96 to 100% in XSA; 22%, 76 to 9596; 3996, 51t0 7596; 3196, 
26 to 5096; and 596, 0 to 2596. Each coronary artery was narrowed 
more than 7596 in XSA by atherosclerotic plaque in 1 or more 5-mm 
segments. 
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FIGURE 4. Diagram illustrating the extent of myocardial necrosis seen 
at necropsy. Only a portion of the posterior left ventricular free wall and 
posterior portion of ventricular septum were not necrotic. LV = left - 
ventricular cavity; RV — right ventricular cavity. 
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by, right ventricular (RV) myocardial infarc- 
ndary to coronary artery disease is observed: 
atiepts with left ventricular (LV) infarction 
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cation of this observation, of course, is that patients 
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cross-sectional area by plaque. Of course, oll 
vessels probably were present between right 
coronary arteries before the final clot i in e I 
nary artery appeared. 
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electrocardiographic evidence of anterior wall myo- 
cardial infarction, however, has RV infarction. How can 
this be? The answer, demonstrated in the patient de- 
scribed herein, is: If the electrocardiogram indicates 
anterior wall LV infarction, but necropsy also shows RV 
infarction, the LV infarction in the basal third or so of 
the LV free wall is limited to the anterior LV free wall 
with or without involvement of the anterior portion of 
ventricular septum or lateral LV free wallor both;inthe 
mid or apical third, or both, of the LV wall, however, the - 
LV infarct is circumferential, or nearly so, such that the - 
posterior (inferior) LV wall and posterior portion of 
ventricular septum indeed is infarcted. The RV infarct 
then represents an extension from the posterior portion 
of the ventricular septum. 


B.S., a 67-year-old man with previous systemic hyper- 
tension and insulin- dependent diabetes mellitus, first had 
transient substernal chest pain 13 days before death. Six 
days before death, the pain recurred and persisted for 10 
hours before his arrival at the hospital. The initial electro- 
cardiogram (Fig. 1) showed marked ST-segment elevation 
in 10 of 12 leads (all except leads aVR and aVL, which 
showed depressed ST segments). (An electrocardiogram done 
63 days earlier had disclosed Q waves in leads V, and Vo |Fig. - 
1].) The chest pain, which lasted 14 hours, initially was re- 
lieved by nifedipine and nitrates. During his 6 days in the 
hospital, he had recurrent supraventricular tachycardia, 
which required cardioversion for correction. The creatine 
kinase level rose to 1,900 U/ml with 4% MB fraction. Chest . 
pain recurred 2 days before death and evidence of congestive " 
heart failure was apparent. On the day of death, the heart | 
rate slowed and fatal asystole occurred. 

At necropsy, the heart weighed 590 g. 7 
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left main (LM), left anterior. е (LAD), left ское, { 
posterior descending (PD) and right (В) coronary arteries 
various degrees in cross-sectional area (XSA) by atherosclerot 

Of the total 62 five-millimeter segments examined, 2 (3%) м 
rowed 96 to 100% in XSA; 10 (16%), 76 to 95%; and 26 (429 
to 75%. There was total occlusion of the LAD by thrombus st 
posed on the already severe luminal narrowing by athe 
plaque. 2 


3. Wade WG. The pathogenesis of infarction of the right venir 
1959:21:545--554. | 

4, Cohn JN, Guiha NH, Broder MI, Limas CJ. Right ventricular infarct 

сап hemodynamic features. Am J Cardiol 1974; 33: 209-214. 
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Verapamil-Induced Retrograde 
Conduction Block in a Concealed 
Atrioventricular Bypass Tract 
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Reentrant supraventricular tachycardia (SVT) using 
a concealed bypass tract is a relatively common cause 
of narrow QRS complex tachycardia, accounting for 15 
to 30% of cases in patients without evidence of preex- 
` citation on the surface electrocardiogram.! The slow 
 channel-blocking agent, verapamil, has been effective 
іп the termination of such tachyarrhythmias, primarily 
through its actions on the atrioventricular node, with 
little effect on accessory atrioventricular (AV) path- 
ways.?-^ This report describes a patient with refractory 
SVT and a left-sided concealed bypass tract, in whom 
intravenous verapamil caused retrograde conduction 
block in the bypass tract. 


D.D., a 42-year-old white woman, was referred for evalu- 
ation of recurrent SVT refractory to pharmacologic sup- 
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pression. Twelve-lead electrocardiograms obtained before 
admission revealed a normal PR interval and no evidence of 
ventricular preexcitation. The patient underwent electro- 
physiologic study using the standard catheter technique and 
stimulation protocol for evaluation of SVT. During posi- 
tioning of the coronary sinus catheter, right bundle branch 
block was induced and persisted for the remainder of the 
study. Baseline PA, AH and HV intervals were all normal, 
as were the atrial and AV nodal effective refractory periods. 
There was no evidence for dual AV nodal pathways or ven- 
tricular preexcitation. Sustained episodes of SVT (cycle 
length 360 ms) ocurred after spontaneous premature ven- 
tricular depolarizations, as well as after premature atrial and 
ventricular extrastimuli introduced during fixed-rate pacing 
of these respective chambers. During SVT, the pattern of 
retrograde atrial activation demonstrated earliest activation 
in the distal coronary sinus with subsequent sequential ac- 
tivation of the mid- and proximal coronary sinus, the low 
right atrium and the high right atrium (Fig. 1A). Retrograde 
preexcitation of the left atrium indicated the presence of a 
left-sided accessory AV connection capable of conduction 
only in the retrograde direction. After termination of SVT, 
right ventricular pacing demonstrated a similar retrograde 
atrial activation as during SVT, with 1:1 ventriculoatrial 
(VA) conduction over the accessory pathway (Fig. 1B). The 
VA conduction time was determined to be 85 ms with no 
decremental conduction in the bypass tract. The retrograde 
effective refractory period of the bypass tract was 265 ms. 
Ten milligrams of intravenous verapamil were adminis- 
tered during sinus rhythm. After verapamil, the tachycardia 
could no longer be initiated with either premature atrial or 
ventricular extrastimuli. Right ventricular pacing at mul- 
tiple cycle lengths revealed abolition of retrograde VA con- 
duction over the accessory pathway after administration of 
verapamil (Fig. 2). The patient tolerated the procedure 
without difficulty and was discharged with 120 mg of verap- 
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FIGURE 1. A, atrial activation sequence during supraventricular tachycardia. Simultaneous recordings are shown of surface electrocardiographic 
leads |, aVF and У; and intracardiac electrograms from the high right atrium (HRA), His bundle region (HBE) and the mid- and distal coronary sinus 
(CSm, CSd) at a paper speed of 125 mm/s. SVT is shown with catheter-induced right bundle branch block at a cycle length of 360 ms. Note the * 
sequence of atrial activation with initial activation in the distal coronary sinus followed by CSm, HBE and HRA. Left atrial retrograde preexcitation 
indicates the presence of a left-sided accessory pathway being used for retrograde conduction in the reentrant circuit. B, atrial activation sequence 
during right ventricular pacing at a cycle length of 400 ms. Paper speed is 100 mm/s. Note the 1:1 pattern of ventriculoatrial conduction with the 
earliest atrial activation in the coronary sinus followed by the His bundle region and high right atrium. This is identical to the pattern of retrograde 
atrial activation that was seen during SVT and indicates retrograde ventriculoatrial conduction through a left-sided accessory pathway. A = atrial 
electrogram; H — His bundle electrogram; S4 — pacing stimulus artifact; V — ventricular electrogram. 
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amil every 8 hours and a well-tolerated systolic blood 
pressure of 90 mm Hg. 


Verapamil, a calcium channel antagonist, has been 
reported by several investigators to be efficacious in the 
termination of reentrant SVTs when administered 
acutely.?-^ In all reported cases of SVT using an AV 
bypass tract, whether concealed or with overt Wolff- 
Parkinson-White syndrome, termination of the ar- 
rhythmia by verapamil occurred by way of a direct effect 
on the AV node by increasing the AV node effective 
refractory period and prolonging AV node conduction 
time.?-4 In no instance was a significant effect on either 
anterograde or retrograde conduction properties of the 
accessory AV pathway noted after acute administration 
of verapamil. Recently, Horio et al? described 2 patients 
with catecholamine-induced ventricular preexcitation, 
in whom verapamil blocked anterograde conduction in 
the accessory pathway after catecholamine adminis- 
tration. Our patient was not given isoproterenol during 
the study, and therefore, we cannot comment on the 
relevance of these findings to our case. 

This case constitutes the only report of verapamil- 
induced conduction block in a concealed AV bypass 
tract. Histologic studies have found anomalous AV 
connections to be composed of either myocardial fibers 
or Purkinje се. These cells primarily depend on the 
fast sodium channel for action potential initiation and 
propagation and are usually not affected by calcium 
channel blockade. This case illustrates that concealed 
bypass tracts may rarely be composed of tissue, either 
normal or diseased, that uses slow channel conduction 
for impulse propagation. The exact nature of this tissue 
remains to be defined. Because most patients with SVT 
and no evidence of preexcitation never come to elec- 
trophysiologic study, the findings in this patient may 
be more widespread among the subset of patients with 
SVT and a concealed bypass tract, in whom empiric 
calcium channel antagonist therapy is successful. 


Acknowledgment: We thank Brenda Williams, Carol 
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FIGURE 2. Loss of retrograde accessory pathway conduction during 
right ventricular pacing after the administration of intravenous verapamil. 
Simultaneous recordings from surface electrocardiographic leads |, 
aVF and V, and intracardiac electrograms from the high right atrium 
(HRA), His bundle region (HBE), and the mid- and distal coronary sinus 
(CSm and CSd) at a paper speed of 100 mm/s. This figure demonstrates 
a loss of ventriculoatrial conduction during right ventricular pacing at 
a cycle length of 600 ms. Note the normal anterograde atrial activation 
sequence of spontaneous sinus beats. Abbreviations as in Figure 1. 
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The introduction of a ventricular premature complex 
(VPC) into reciprocating tachycardia is a technique 
used to confirm the presence of an accessory atrioven- 
tricular (AV) pathway.!-? Retrograde atrial preexcita- 
tion after a VPC introduced during reciprocating 
tachycardia when the His bundle is refractory to ret- 
rograde conduction is evidence that an accessory 
pathway is present.? The failure of an appropriately 


Р? ` ау I Уе, ые | x PRR Dl bd Pe cab" ap 
d "R^ { Ыз; T ETT М 5 > / 1 ec cie xvi | AW 


par SRR л, Бе a Pe ТЕ a gi CRABS SANE RUE 
> 224 BRIEF REPORTS ЕРДЕ. | LI UAE. Ê = e | 


OLLI AR, AVLAVF Vj, V2,V3 V4 , Vs , № 


FIGURE 1. Electrocardiogram recorded 
during tachycardia showing charac- 
teristically inverted P’-waves in leads 
Il, Шапа aVF associated with an R-P'- 

/R-R' ratio of 0.55. 
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FIGURE 2. A ventricular premature complex (VPC) is delivered into the right ventricular apex when the His bundle is refractory (no change in HH 
interval). A, the VPC paradoxically delays retrograde atrial activation via the accessory pathway by 15 ms. B, the VPC is delivered earlier in diastole 
but still during refractoriness of the His bundle. There is now a 35-ms paradoxical delay in retrograde atrial activation consistent with a decrementally 
conducting posterior septal accessory pathway. There is no evident intraventricular delay to account for this magnitude of delay, as evidenced 
by the similar timing relation between all recorded ventricular electrograms during interpolated VPCs and during orthodromically conducted beats. 
Furthermore, this delay occurred at longer coupling intervals than when latency was observed during refractory period determinations. CS-UP 4 
through CS-UP 1 = coronary sinus unipoles, proximal to distal; DCS = distal coronary sinus bipole; HBE = His bundle electrogram; PCS = net 
coronary sinus bipole (at the orifice BA = اا‎ Atrian mE E right ventricle, 
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tha eithe an accessory pathway conducting in 
trograde direction.is not present or that the ac- 
' pathway i is relatively far from the site of pre- 
e stimulation.? This latter possibility can occur 
PCs are inserted into the right ventricular apex 
atients with a left lateral accessory pathway. 

he finding that an accessory pathway can show a 
aradoxical delay in retrograde atrial activation during 
'ciprocating tachycardia with this maneuver has not 
been described. We report a patient with a posterior 
septal accessory pathway with decremental conduction 
perties characteristic of the "permanent form of 
ctional reciprocating tachycardia." Paradoxical 
slay n retrograde atrial activation was observed after 
ie. introduction of a VPC into reciprocating tachy- 
rdia when the His bundle was refractory. 



























| 16-year-old girl. had narrow complex tachycardia since 
6 years. The sinus rhythm electrocardiogram was normal. 
1chycardia the electrocardiogram showed negative 
leads П, Ш and aVF which occurred closer to the 
ng than to the preceding QRS complex (long R-P' 
cardia) with an R-P'/R-R ratio of 0.55 (Fig. 1). Because 
efractory. tachycardia, an electrophysiologic evalua- 
on. was performed according to techniques previously 
described. 24 
Spontaneous initiation of reciprocating tachycardia ос- 
curred after gradual acceleration of the sinus rate, with no 
: change i in the A-H interval. Over the first several cycles of 
‘tachycardia there was a gradual increase in the ventricu- 
loatrial interval. Reciprocating tachycardia initiated with 
pacing also resulted in a gradual increase in ventric- 
al. conduction time while the A-H interval remained 
3 vely constant. Spontaneous termination of recipro- 
cating tachycardia occurred with a ventricular depolariza- 
` tion and was preceded by prolongation of the ventriculoatrial 
duction time. Right ventricular decremental pacing re- 
ed in progressive prolongation of ventriculoatrial inter- 
"over the accessory pathway as the pacing cycle length 
15. decreased. 
During reciprocating tachycardia earliest retrograde atrial 
tivation was at the coronary sinus orifice. Single VPCs were 
serted into the right ventricular apex during reciprocating 
/cardia when the His bundle was refractory (i.e., the 
g stimulus was delivered concurrently with or imme- 
y before the His deflection such that the H-H interval 
not altered). The VPC paradoxically delayed retrograde 
rial activation by 15 to 35 ms (Fig. 2). The degree of atrial 
lay increased as the prematurity of the VPC increased, 
nsistent with the decremental nature of the accessory 
jathway. There was no evidence of intramyocardial delay 
оа ount for these findings. 






















































The use of VPCs for analysis of tachycardia was ini- 
| escribed by Durrer et al? and Coumel et al? in 
67. However, not until 1974 did Zipes et al! describe 
premature retrograde atrial activation after a VPC 
during reciprocating tachycardia while recording the 
s potential, thereby demonstrating that retrograde 
lepolarization of the His bundle did not occur. This 
servation was initially postulated to represent ret-. 
rograde atrial conductoin over a perinodal bypass fiber 
з described by Je James, Review of the electrograms, 











- the Шш of atrial activation. 
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stantiates that the a accessory oe 
tachycardia. | 
This patient had several of the fin | 











initially described Bs Coumel et ali inl 
this entity has been shown to result fror 
septal accessory pathway that manifes 
conduction properties. Our patient's | 
demonstrated a long R- P interval, negat 
in H, IH and aVF and prolonged ventrict 
duction times over a decrementally cond 
sory pathway located in the typical pos 
position. These findings are consistent with 
and later descriptions of the permanent fo: 
tional reciprocating tachycardia. = 

That our patient did not preexcite t 
rather paradoxically delayed retrograde û i 
tion, is unusual. In nearly 500 patients seen 
University with accessory pathways, includ 
tients with the permanent form of junction 
cating tachycardia, this phenomenon has not p 
been observed. One might invoke intraventric 
as the reason for the late atrial activation. Hoy 
similar timing relation between the right ve 
electrogram, the His bundle ventricular electro 
the unipolar and bipolar ventricular electro; 
corded from the coronary sinus catheter argue 
this. Furthermore, the VPCs were not insert 
coupling interval where intraventricular del 
be expected. Latency during a right ventricular 
tory period occurred only at coupling interval: 
than 220 ms. Nevertheless, given the diffic 
choosing the onset of the VPC, a small intra: 
conduction could indeed be. present. Howeve 
delay would, by definition, not account for th 
large 35-ms delay seen. We therefore believe 
delay did occur in the accessory pathway and ma 
to be a feature of the permanent form of j junc 
ciprocating tachycardia in some patients. NS 
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pattern gradually changed from normal to preexcited left ki 
bundle branch block morphology typical of nodoventricular * 
conduction, with an H-V of —10 ms.‘ A right atrial refractory _ 
period, determined by the premature extrastimulus tech- _ 
nique, showed prolongation of the A-H interval, with dis- 


не. Nodoventricular Fibers placement of the His electrogram into the QRS and pro- -. 
gressive change іп QRS morphologic pattern to left bundle | 

branch block morphologic pattern. After maximal preexci _ 

: : tation occurred, further prolongation of the A-H interval was ae 

KENNETH А; ELLENBOGEN, MD noted. During tachycardia, the ECG demonstrated the same _ 

WILLIAM С. O'CALLAGHAN, MB, MRCP (I) preexcited QRS morphologic pattern seen during atrial _ 
PAUL G. COLAVITA, MD pacing.? The H-V interval during tachycardia was identical — 

DOUGLAS L. PACKER, MD to that observed with right atrial incremental pacing at a ч 

MARCEL В. GILBERT, MD cycle length of 300 ms. Retrograde ventriculoatrial (VA) _ 

LAWRENCE D. GERMAN, MD conduction was present from a cycle length of 600 to 240 ms. 3 

Closed chest catheter AV junction ablation was successfully _ 

performed with 2 shocks (200 and 300 J) using a technique 

Patients with nodoventricular (Mahaim) fibers are previously described.” Immediately after ablation, the ЕСС: mi 
predisposed to the development of a variety of ar- showed normal sinus rhythm with 1:1 AV conduction and a Y. 
rhythmias, which are usually amenable to pharmaco- preexcited QRS identical to that seen previously during _ 
logic management.! Closed-chest catheter atrioven- tachycardia. Anterograde incremental pacing revealed _ 
tricular (AV) junction albation, which has been shown gradual prolongation of the stimulus-V interval before block —. 
to be an effective treatment for supraventricular ata iid per of юе s reir idi ade Hs ipea s v 5% 

З i 3s » seen, апа reciprocating tachycardia could not be induced. · 

tachy cardia,” has E ently i Өр fis i W p n Before discharge a dual-chamber pacemaker was implanted. 8 
with tachycardia mista tS Ss ree EERE Oe ни Three years later the patient remains in sinus rhythm with E 
observ ations In 2 cases in which tachycar dia Was effec- a preexcited QRS complex and is asymptomatic and re- _ 
tively controlled using this technique, including 3-year ceiving no medications. | 4 
follow-up of nodoventricular fiber conduction in 1 pa- Case 2: A 26-year-old man with recurrent left bundle 
tient and absence of retrograde conduction in both branch block morphology tachycardia refractory to treat- — 
patients. The inability of the nodoventricular fibers ment with digoxin, verapamil, quinidine, diphenylhydantoin - 52 
to conduct retrogradely has not been previously and amiodarone was referred for further evaluation. An — — 
described. electrophysiologic study was performed as described.! The Es 
ECG during sinus rhythm demonstrated a PR of 0.18 second, _ 
Case 1: A 32-year-old woman was referred for evaluation QRS of 0.10 second, QT of 0.38 second and a mean QRS axis $ 
of wide-complex left bundle branch block morphology of 0° (Fig. 1). Numerous episodes of tachycardia with a cycle * 
tachycardia accompanied by chest pain and dyspnea. Pre- length of 300 ms and an axis of —15? were induced byright —— 
vious treatment including propranolol, procainamide, di- atrial burst pacing and refractory periods from the right Е 
sopyramide, quinidine, digoxin, diphenylhydantoin and а atrium and right ventricle (Fig. 2 and 3). During right atrial E 
radiofrequency pacemaker had been unsuccessful. Her incremental pacing and right atrial refractory periods, the — 
М electrocardiogram (ECG) оп admission revealed normal A-H interval underwent prolongation as the His was pro- М 


sinus rhythm with a PR of 0.17 second, QRS of 0.08 second, 
QT of 0.39 second and a mean QRS axis of +45°. Electro- 
physiologic study was performed as previously described. 1 
During right atrial incremental pacing from a cycle length 





gressively displaced into a more preexcited left bundle 
branch block morphology QRS. Conduction over the nodov- 
entricular fiber was present to a cycle length of 310 ms. . 
Retrograde VA conduction was present between cycle lengths — . 


of 600 ms to a cycle length of 360 ms, the QRS morphologic of 600 to 240 ms. During atrial fibrillation the QRS complex e 
showed continuous variation between normal and a preex- 3 

cited left bundle branch block morphology QRS. The shortest _ К 

From the Division of Cardiology, Department of Medicine, Вох 3860, — Pi-R interval between preexcited QRS complexes was 190 ms, | 
Duke University Medical Center, Durham, North Carolina 27710. and the average R-R interval measured 370 ms in atrial fi- 1 
Manuscript received November 9, 1983; revised manucript received brillation. An accessory AV pathway was not present. р 
December 6, 1984, accepted December 7, 1984. Catheter AV junction ablation was successful with 2 shocks _ Ж 
; "d 
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- (200 and 300. J) After dblation, | the patient was in sinus - 


@ ` rhythm with a preexcited left bundle branch block mor- 
phology and an axis of —45° (Fig. 4). Atrial decremental 
{© acing s wed prolongation of stimulus-V intervals until 


` block at a cycle length of 270 ms. Retrograde VA block was 
` obse erved at all cycle lengths, and tachycardia could not be 
E duse: Atrial fibrillation was induced and the QRS was 
©; Кетик, to N seen previously during tachycardia. The 
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“А previous Pubs has desc ibed кан ofa a | pà- | 
tient with recurrent tachycardia due to a nodoventri- 
cular fiber by AV junction ablation.5 The authors of that 
report emphasized the utility of this form of treatment 
when it is based on a careful electrophysiology study. 
Our patients and the previously reported patient? il- 
lustrate the feasibility of AV junction ablation for in- 
terruption of Mahaim reciprocating tachycardia and 
further advance our knowledge about the short- and 
long-term conduction properties of nodoventricular 
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FIGURE 2. Twelve lead electrocardio- 
gram of reciprocating tachycardia 
involving nodoventricular fiber in pa- 
tient 2. 
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FIGURE 3. Twelve lead electrocardio- 
gram of right atrial pacing at cycle 
length 400 ms, reproducing morphol- 
ogy of reciprocating tachycardia in 
patient 2. 
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FIGURE 4. Twelve-lead electrocardi- 
ogram immediately after atrioventric- 
ular junction ablation in patient 2. 
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fibers. Atrial fibrillation after ablation was slower than 
when conduction over the His bundle was intact. This 
may have resulted from damage to the proximal AV 
node, although anterograde conduction with decrem- 
ental features was still present to a cycle length of 270 
ms after ablation. In the previous report,’ retrograde 
conduction was present after AV junction ablation over 
the Mahaim fiber. In both of our patients, retrograde 
VA conduction was absent at all cycle lengths, demon- 
strating the inability of the Mahaim fiber to conduct in 
a retrograde direction. Tachycardia could not be in- 
duced in either patient with right atrial or right ven- 
tricular programmed stimulation after catheter abla- 
tion, further suggesting that the His bundle was a 
critical component to the tachycardia circuit (Fig. 5). 
We cannot exclude the possibility of AV node reentry 
with bystander Mahaim; however, there was no evi- 
dence of narrow complex reciprocating tachycardia or 
dual AV node pathways. In each of our patients, the 
H-A intervals observed during tachycardia were similar 
to those reported previously in a case of proved Mahaim 
reentry, and longer than those seen in AV node reentry 
with bystander Mahaim.® 

. The natural history of conduction over an accessory 
nodoventricular connection is unknown. Our first pa- 
tient has continued to have conduction over the nodo- 
ventricular fiber for 3 years as documented by serial 
ECGs, suggesting that the nodoventricular fiber may 
provide reliable long-term AV conduction. Nevertheless 
until additional experience is acquired we recommend 
insertion of a permanent pacemaker. 

Previous studies in patients with Mahaim fibers have 
emphasized long-term pharmacologic management of 
their arrhythmias.! This report suggests that they may 
be particularly well suited to management by AV 
junction ablation. 


Acknowledgment: We thank Laura Cook, RN, Rose 
Smith, RN, and Ineke Phillipo, RN, for diligent efforts in 
patient care, and Mary M. Holben for preparation of this 
manuscript. 
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FIGURE 5. Schematic representation of tachycardia involving the 


Mahaim fiber. Anterograde conduction occurs over the Mahaim fiber, 


with retrograde conduction via the normal conduction system. Atrio- 
ventricular junction ablation abolishes the tachycardia circuit by in- . 


terrupting the retrograde limb of the tachycardia circuit. 


References 


“ 


с кп fibers in cardiac arrhythmias їп man. Circulation 1981;64: 

2. Gallagher JJ, Svenson RH, Kasell JH, German LD, Bardy GH, Broughton 
A. Catheter technique for closed-chest ablation of the atrioventricular con- 
duction system. N Engl J Med 1982;306: 194-200. 

3. Scheinman MM, Morady F, Hess DS, Gonzalez R. Catheter-induced ablation 
of the atrioventricular junction to control refractory supraventricular ar- 
rhythmias. JAMA 1982;248:85 1-855. ; 

4. Bardy GH, Fedor JM, German LD, Packer DL, Gallagher JJ. Surface elec- 
trocardiographic clues suggesting presence of a nodofascicular Mahaim fiber. 
JACC 1984;3:1161-1168. 

5. Bhandari A, Morady F, Shen EN, Schwart AB, Botvinick E, Scheinman MM. 
Catheter-induced His bundle ablation in a patient with reentrant tachycardia 
associated with a nodoventricular tract. JACC 1984;4:611—616. 

6. Bardy GH, German LD, Packer DL, Coltorti F, Gallagher JJ. Mechanism 
y erp eim using a nodofascicular Mahaim fiber. Am J Cardiol 1984; 


licec nmm MID M ACER a eee 


Mitral Valve Cleft Without Cardiac 
Septal Defect Causing Severe 
Mitral Regurgitation but Allowing 
Long Survival 
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Partial atrioventricular *defect" includes a spectrum 
of 5 anatomic anomalies. Some patients have all 5 and 
others have only 1 or 2. The 5 are the following: (1) de- 
fect in the lower portion of the atrial septum, so-called 
primum atrial septal defect; (2) defect in, or absence of, 
the posterobasal portion of ventricular septum; (3) cleft, 
anterior mitral leaflet; (4) anomalous chordae tendineae 
from the anterior mitral leaflet to the crest of the ven- 


tricular septum; and (5) partial or complete absence of - · 


the septal tricuspid valve leaflet. There are at least 4 
potential functional consequences of these 5 anatomic 
anomalies: (1) shunt at the atrial level, (2) shunt at the 
ventricular level, (3) mitral regurgitation (MR), and (4) 
obstruction to left ventricular outflow. Well over 95% 


. Gallagher JJ, Smith WM, Kasell JH, Benson DW, Sterba, Grant AO. Role _ 


of patients with partial atrioventricular defect have a 1i 
primum type atrial septal defect, and most of those _ 


without a primum defect have a shunt at the ventricular 
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FIGURE 1. Mitral valve in the patient 
described. In each of the 4 views the 
space bordering the cleft in the anterior 
mitral leaflet is designated by dashed 
lines. a, view from left atrium during 
simulated ventricular diastole; b, 
close-up view from left atrium during 
simulated ventricular systole; c, view 
from left ventricle. The apex of the cleft 
inserts into the crest of the ventricular 
septum (VS) just caudal to the opened 
aortic valve (AV). The anterolateral 
(A-L) papillary muscle actually inserts 
into the anterior one-half of the cleft 
anterior mitral leaflet; d, opened left 
atrium, mitral valve and left ventricle. 
The large amount of anterior mitral 
leaflet actually missing, i.e., that space 
bordered by the dashed lines, is huge. 
The circumference of the mitral anulus 
is about twice normal. P-M — postero- 
medial papillary muscle. (Photographs 
by M.M.M. Moore.) 





with a defect in either the atrial or ventricular sep- 
tum.!-4 Information on age and gender was available in 
6 of the 10 patients: All were males; 5 were younger than 
age 10 years and 1 was 74 years old. Of the 10 patients, 
some degree of MR was present in 9; only the 74-year- 
old man had no MR.? Only 2 of the 10 patients were 
known to have a large cleft—such as occurred in our 
patient—and both had severe MR and progressive, 
eventually fatal congestive heart failure. 

Our 27-year-old patient appears to be the oldest ne- 
cropsy patient thus far reported with severe MR from 
a cleft in the anterior mitral leaflet. Although he had 
evidence of congestive heart failure for a few months 
before death, his death was not the result of cardiac 
disease. What allowed his relatively long survival? Al- 
though he had MR during his entire 27 years, the degree 
of MR worsened through the years. Initially, MR was 
probably due entirely to the regurgitation through the 
cleft in the anterior mitral leaflet, but with time the 
mitral anulus progressively dilated, and this huge anular 
dilation contributed to the degree of MR, as occurs in 
patients with mitral valve prolapse.? 


. level. The occurrence of MR from a cleft in the anterior 
. mitral leaflet unassociated with a defect in either atrial 
` or ventricular septa is extremely rare. Such was the case, 
` however, in the patient to be described herein. 


B.P., a 27-year-old man, was found to have a precordial 
murmur consistent with MR at age 16 years. Atrial fibrilla- 
tion was also present. Left ventricular angiogram at the time 
showed 2+/4+ MR. He continued to play recreational bas- 

` ketball and work as a service station attendant without dif- 
ficulty. At age 27, five months before death, he had a respi- 
ratory infection followed by evidence of congestive heart 
failure. A grade 4/6 holosystolic murmur consistent with MR 
- and a third heart sound were heard. M-mode echocardiogram 
` showed thickened but mobile mitral leaflets; the left atrial 
— dimension was 70 mm, and the left ventricular cavity was 82 
_ mm in diastole and 58 mm in systole. The electrocardiogram 
- showed atrial fibrillation, QRS voltage of left ventricular 
` hypertrophy and inverted T waves in leads II, III and aVF. 
` The pressures in mm Hg were as follows: pulmonary artery 
_ wedge mean 15, v wave 16; pulmonary artery 28/14 (mean 
18); right ventricle 28/5; right atrial mean 5; left ventricle 
120/8; and aorta 120/80 (mean 90). Cardiac index (thermo- 
dilution) was 2.3 liters/min/m?. Left ventricular angiography 


now disclosed 4+/4+ MR. After discharge he returned to an 
active life. He died suddenly from an overdose of cocaine and 
phencyclidine. 
` At necropsy the heart weighed 900 g. All 4 cardiac cham- 


It is likely that our patient was able to tolerate the 
MR well because the huge size of the left atrial cavity 
was able to “absorb” the left ventricular systolic pres- 
sure and prevent its reflection into the pulmonary veins 


- bers were dilated. A huge cleft was present in the anterior 
. mitral leaflet (Fig. І). The mitral anulus measured 17 cm in 
` circumference and the tricuspid anulus measured 15 cm. The 
` edges of the cleft were thick. The atrial and ventricular septa 
` were intact. The tricuspid, pulmonary and aortic valve 
` leaflets were normal. 


and from there into the pulmonary arteries. More than 
2 decades ago, Braunwald and Awe? demonstrated that 
patients with pure MR in whom huge left atrial cavities 
develop do not have pulmonary venous and subse- 
quently pulmonary arterial hypertension; in contrast? 
those patients with severe MR whose left atrial cavities 
do not dilate do have severe elevation of their pulmo- 
nary venous and pulmonary arterial pressures.’ The 


` We found studies describing 10 patients at necropsy 
with a cleft in the anterior mitral leaflet unassociated 
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| | Home Treatment of Infective 
Endocarditis with Oral Amoxicillin 


"WARREN G. GUNTHEROTH, MD 
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=< WILLIAM M.M. KIRBY, MD 


A seriousness of infective endocarditis (IE) has dis- 
raged experimental clinical trials of varying regi- 
» but occasionally a clincal setting occurs that re- 
res some compromise with the published standards 
r treatment. Most regimens of treatment of IE require 
to 6 weeks of parenteral antibiotic therapy, and most 
es recommend at least 2 weeks of intravenous 
nt. The major exception is penicillin-sensitive 
ococeal IE, for which a 4-week course of penicillin 
be shortened to 2 weeks by the addition of strep- 
.omycin.! Gray? stands almost alone in recommending 
simply oral amoxicillin, although he has treated more 
than 90 patients with as high a success rate as can be 
for any regimen for IE. We were recently con- 
with a clinical situation in which an oral regimen 

as the only acceptable choice. 


ur patient was a 23-year- old woman who had been fol- 
nce birth. She was severely retarded, nonverbal, and 
aordinarily afraid of needles. She had a ventricular 
defect and mild pulmonary stenosis. Her parents 

ted fever, increased fatigue, somnolence and restlessness 
6 weeks. She had had no dental procedures or instru- 
tation of any sort. An attempt at blood culture for a 
cted diagnosis of IE was vigorously resisted, and the 
pt was abandoned. She was subsequently e into 

r panty ee and a a se anesthetic, 2 20008 


ts, who have. kept the patient at home for her 
е Бер of an attendant, expressed great 
п елла аа of hospitalization, with 


tments of рожала and Internal Medicine, University, 
ol of Medicine, f RD-20, Seattle, Washington 98195. 


ted January 9, 1985. 


gere lated congenital mitral in 
791-798. 


. Di Segni E, Edwards JE. Cleft 
septa. А study of 20 cases. Ai 


4. Sellers RD, Lillehei CW, Edwar 


alies of the atrioventriciular valve 
289-302. : 

. Waller BF, Morrow AG, Maron | 
Wallace RB, Mcintosh CL, R 
chronic, pure mitral regurgitatioi YSIS 1 
age having mitral valve replacement. Am He 


. Roberts WC, Braunwald E, Morrow Ag. Аси 
secondary to ruptured chordae Логопед. 
pathologic considerations. Circulat n 1966 


the 4 blood cultures. all 
counts и on 33 3t 'É 


given every 6 hours ih еа; 500. mg ! 

The patient had no adverse reaction to this res 

sent home after only 30 hours in the hospital 

had no gastrointestinal upsets, and complete 

of therapy successfully. The patient has. now 

out all medications for over 1 year, with 0 

illnesses. ^" 
Although expense was not a Can b 10 

we compared her hospitalization costs, $846, tho 

a patient of similar age who was hospitaliz d for 18 da 

including 14 days of intravenous penicillin 4n 

cular streptomycin, at a cost of $9,662. Both. 

successfully treated. i 


The current practice in the U.S. of. pa en 
ment of IE may reflect the earlier ex 
unpredictable absorption of oral penicil 
duction of phenoxymethyl penicillin (pe 
lowed predictably higher serum levels, ali 
centers continued to add at least 2 week: 
cular streptomycin or gentamicin. However 
not only is predictably well absorbed, bi 
bound to serum protein (17%) compared 
oxymethyl penicillin (80%). For *naturall 
IE with S. viridans sensitive to penicillin, £ 
that oral amoxicillin and probenecid is th 
choice. He points out that several weeks о 
therapy is not without substantial discomfort 
risk, including thrombophlebitis and abscess | OF 
Relapses with oral treatment for organisms { 
penicillin-sensitive at initial testing are rare,? 
least some of the instances of relapse m: 
reinfection, rather than a failure of bac 

The effectiveness of amoxicillin a 'ai 
is the basis for its choice for chemopr pi 
Britain. 4 n recommend: a 
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he role of genetic factors in the pathogenesis of idio- 
dilated cardiomyopathy (IDC) is unknown. Al- 
DC usually is sporadic, families with more than 
‘fe ted member have been observed. This study de- 
the proportion of familial cases of IDC in a 
ective series of 169 patients. 


vcorás of Mayo Clinic ш with dilated cardio- 






















rei ае of ашса d ventricular function 
existing valve disease, clinically significant 
ery disease, congenital structural heart defects, 
'ase such as systemic hypertension, hemo- 
muscular dystrophy or amyloidosis. Cardiac 
ns had been performed in 50% of the patients. 
patients, histologic findings of cardiac tissue were 
with the diagnosis of IDC. 
not exclude from the study patients suspected of 
cohol-induced cardiomyopathy. We reasoned that 
he disease to alcoholism would be more likely 
there was no family history of cardiomyopathy; 
exclusion of these patients could increase the 
proportion of familial cases. Furthermore, genetic 
а чарого, а person to the солори of al- 
























rd. ii: 4 A vague suggestion т anh o viral illness did 
is ашу patients from the study. After review of the 
: patients were included in the study. 

yo Cli ic medical records of the patients’ relatives 
en. avai lable. CE were mailed 
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to patients; if the patient had died, an attempt was anai 

contact the spouse or a first-degree relative. The follo in 
information was requested: dates of birth and death, health 
status of first-degree relatives, and whether other rel 
were known to have cardiomyopathy. Ninety questionna 
were returned. When the response indicated that a rela 
had a cardiomyopathy, further contact was made to request | 
medical confirmation of the relative's disease. Only cases. of. 
IDC that were documented by phonon. statements С pe 















































athy. Two of these patients, peters ире: ол 
dently, were brothers; if one is excluded, famil 
myopathy occurred in 10 of 168 patients (6% ee 
The sex ratio (male:female) of the total study popülat { 
was 2.4:1 (Fig. 1); however, the sex ratio of the familial cases 
was 1:1.2. Therefore, 4% of the male patients and 12% of the 
female patients had familial cardiomyopathy. This find 
suggests that environmental factors may be relativel m 
important than familial factors in the. pathogene: 2518 
cardiomyopathy in males than in females. . 
The mean age of all male patients at presei 
years (range 5 days to 49 years, median 41 years). The 
age of all female patients at presentation was 35; years is 
9 months to 49 years, median. 40. Mai 
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FIGURE 1. Age and Sex x distrib | 
dilated cardiomyopathy. accordi 


was 32y years ange 1i 15 to و‎ 49). he 


and 24 years for male and female _ ee 


disease, respectively. 


patien who were 35 years of age or younger, 6 SECURE 


d familial disease. In contrast, of the 116 patients 
10 were. 36 to 50 years: of age, only 5 (495) had familial 
lisease. This trend could mean that the younger patients are 
more likely to have familial disease. Alternatively, and 
rhaps more likely, this observation may reflect the fact 
he relatives of the older patients are more likely to have 
fore diagnostic techniques such as echocardiogra phy 
ailable. 
"digrees of the 10 familial cases are shown in Figure 
f the nature of the data collection, we could not 
With certainty the inheritance patterns. Vertical 
ission compatible with autosomal dominant inheri- 
Jas seen in 5 of the 10 families and was suggested in 
idditional families. Other possible explanations for the 
"familial clustering of patients are multifactorial, purely 
кми or, in some cases, autosomal recessive. 


AUN Hypertrophic cardiomyopathy frequently i is inherited 

-as an autosomal dominant condition. The proportion 

nilial cases of hypertrophic cardiomyopathy was 

-to be higher than previously recognized after 
ematic investigations of asymptomatic relatives.? 

‘rolê of genetic factors in the development of IDC 

unknown. Emanuel and Withers? stated "there is 

e evidence of a familial tendency" for idiopathic 

gestive cardiomyopathy. Lindvall et al? also em- 

phasized that familial IDC is rare. 

- "However, several cases of familial IDC have been 

eported.* 45 [n a retrospective series of 104 consecutive 

tients with IDC who were examined at the Mayo 

' between 1960 and 1973,6 2% of the patients had 

lial disease. However, special family investigations 

re not available for many of these patients. The re- 

ts of our study, in which 6.5% of cases were deter- 

зей to be familial, suggest that more familial cases 

be found when a special effort is made to detect such 

d ‘his. conclusion is not surprising, but emphasizes 

positive family history will not always be readily 

pparent and that some patients may not realize a rel- 

e has the same underlying cardiac disease because 

differences in clinical symptoms or age at onset. The 

method of data ascertainment used in this study prob- 


~ ably resulted in an underestimation of the number of 


. familial cases; indeed, many “nonfamilial” cases had a 


history suggesting that other members were affected, 


. -but documentation of the diagnosis could not be ob- 

ined. In this series, the finding that 6.596 of patients 
E ad familial disease suggests that genetic factors may 
з реп renti in some cases, although we recognize that 


FIGURE 2. Pedigrees of 10 families i in this study with f am 
dilated cardiomyopathy. Superscript numbers give ge 

or age at death (slashed line). Blackened squares (male 
(females) indicate confirmed cases. Hatched ner: Jicat 
cases. Arrows indicate index cases. ` 


familial aggregation of a саде doës: not rc 
genetic factors are causative. ME 
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` The Beckwith syndrome was expanded in 1969 from 
Weidemann's report by Beckwith! to include the 


presence of macroglossia, omphalocele, adrenal cyto- 


` megaly, gigantism and hyperplastic visceromegaly. 
` Increased growth at a cellular and organ level is char- 


TI ра حي‎ 


` acteristic of the syndrome, as is increased oncogenic 


_ potential.? Most neoplasms reported in the syndrome 


are intraabdominal; cardiac involvement is usually 
cardiomegaly.? The child described herein is unique in 


T 2 aspects: He has a focal cardiomyopathy that contains 


` giant myocardial cells in the absence of inflammatory 


changes, and the cardiomyopathic changes are located 
in regions of ectopic atrial tachycardia. 


This boy presented with coarse facies, large tongue and 
ectopic atrial tachycardia at birth (Fig. 1). Dysrhythmia and 
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FIGURE 1. Electrocardiogram shows ectopic multifocal atrial tachy- 
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heart failure were treated with digoxin, quinidine and pro- 
pranolol. Two-dimensional echocardiograms showed thick- 
ening of the right atrial free wall (Fig. 2) at a site where 
electrophysiologic mapping later determined the earliest 
atrial activation to occur. At 8 months of age; because of 
failure to thrive, cardiac decompensation and medically 
uncontrollable atrial tachycardia, surgical excision of the 


ectopic atrial foci was attempted. Intraoperative atrial 


mapping studies identified 4 areas of origin of ectopic atrial 
rhythm (Fig. 3); 3 areas could be completely excised, Sites 





FIGURE 2. Four-chamber, subxiphoid, 2-dimensional echocardiogram 
in anatomic position (patient's right to right, patient's sternum to top 
of echocardiogram). There is a thickening in the right lateral wall of the 
right atrium (RA) (arrow). ANT = anterior; L = left; LA = left atrium; LV 
= left ventricle; POST = posterior; В = right; RA = right atrium; RV = 
right ventricle. 
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FIGURE 3. An artist's representation of the sites of earliest atrial ectopie 
activity that were surgically resected. Site 3 was incompletely resected. 
The earliest atrial activity (site 1) is within a thickened area of the atrial 
wall at the anterior border of superior vena cava (SVC) and right atrium. 
IVC = inferior vena cava; R LPV = right lower pulmonary vein; R UPV 
= right upper pulmonary vein. : 





FIGURE 4. Light micrograph (X 525) of the resected atrial myocardium. 
Various giant myocardial cells, some of which appear to be undergoing 


vesicular degenerative changes (arrow), are shown. There is increased 
fibrous material between myocardial cells. 


1 and 2 in Figure 3 are in close proximity to the area of 
thickening shown by 2-dimensional echocardiography. 
Postoperatively the child has persistent atrial tachycardia, 
which is controlled with digoxin, and at 20 months of age he 
is free of heart failure. 

Within the resected atrial wall (Fig. 4) are nodules com- 
posed of hypertrophic myocardial cells interspersed with 
atrophic fibers associated with fibrosis. Hypertrophic myo- 
cardial fibers have vesicular nuclei and some fibers are 
multinucleated. Many cells have basophilic cytoplasm with 
loss of cross striations. Multinucleated cells have 5 to 8 dis- 
tinct nuclei and are elongated with basophilic cytoplasm. No 
inflammatory cellular infiltrates are seen. 

Ultrastructurally (Fig. 5), hypertrophic myocardial fibers 
show increased mitochondria in clusters with disruption of 
sarcomeres. Intercalated discs are discernible in these cells. 
Many cells which are isolated by collagen fibers demonstrate 
disorganized myofibrils with streams of actin filaments 
containing electron dense clumps. Loss of sarcomeres is ac- 
companied by proliferation of smooth endoplasmic reticulum 
and “myelin” like structures in some cells. The presence of 
stacks of actin and myosin filaments with Z band material 
confirms the myogenic origin of these cells. 
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FIGURE 5. The hypertrophic myocardial cells show increased mito- 


chondria in clusters. The central portion of one cell shows disorgani- 
zation of sarcomeres (arrow) with actin filaments containing irregular - 
clumps of Z band material. Magnification X 5,200. Л 
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This patient demonstrates cellular hyperplasia of 
myocardial cells with loss of myofilaments and in- 
creased endoplasmic reticulum. These sites, which 
demonstrate pathologic abnormality, were resected 
because of ectopic pacemaker activity at intraoperative 
mapping studies. This coincidence of pathologic find- 
ings and pacemaker activity suggest that the cardio- 
myopathy in this case may be causally related to the 
ectopic atrial arrhythmia. 

Pathologic changes at the site of atrial ectopic focus 
have been described in another patient.* That patient 
had abnormal proliferation of mesenchymal cells, a 
feature not present in this case. Giant myocardial cells - 
have been described in cardiomyopathy with inflam- 
matory infiltrates, again unlike the condition in this 
patient. The pathologic changes in our patient are 
unique in themselves and from the perspective of ec- 
topic atrial tachycardia. A cardiomyopathy with my- 
ogenic giant cells but without inflammatory cells may 
be a manifestation of the cellular hyperplasia of Beck- 
with syndrome. 
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Echocardiographic Determination of 
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Determination of the situs of the aortic arch is extremely 
important in the complete evaluation of infants with 
congenital heart disease, as well as in infants with 
esophageal atresia and tracheoesophageal fistula in 
whom the thoracotomy incision is performed con- 
tralateral to the aortic arch.! Definitive determination 
of the side of the aortic arch can be made angiographi- 
cally, but this is invasive and requires transport of the 
infant. The thoracic roentgenogram is not always reli- 
able in determining aortic arch situs, particularly in 
newborns. Computed tomography of the thorax has also 
been used,” but tomographs are not portable. Evalua- 
tion of the aortic arch from the suprasternal notch using 
cardiac ultrasound has been reported.?9 In most 
studies, the sector orientation required for a long-axis 
image of the arch was used to distinguish situs.” The 
position of the descending thoracic aorta also has been 
used to infer the side of the aortic arch.*5 These tech- 
niques are subjective and depend on the skill of the 
operator. They do not provide for a descending aorta 
contralateral to the aortic arch with retroesophageal 


segment, nor for cardiac malpositions. The relative. 
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FIGURE 1. Relative positions of the trachea and left aortic arch. When 
the echo sector is positioned immediately above the aortic anulus 
through plane A, the ascending and descending aorta are recorded as 
echolucent circles (see Fig. 2). On scanning superiorly to plane B, the 
ascending and descending aorta merge into the sausage shape of 
the transverse aorta, to the left of the echoreflective trachea (see 
Fig. 3). 





TABLE! Diagnoses in 42 Patients with Congenital Heart 


Disease 
VSD + 
ToF TA PS DORV d-TGA Other 

Left 13 1 2 5 5 1 

aortic 

arch 
Right 8 3 1 1 15 1^ 

aortic 

arch 


* Associated dextrocardia. 

DORV = double outlet right ventricle; d-TGA = d-transposition of 
the great arteries; TA = truncus arteriosus; TOF = tetralogy of Fallot; 
VSD + PS = ventricular septal defect with pulmonary stenosis. 


positions of the esophagus and aortic arch have also 


been used to identify the side of the arch,® but this 


technique is not useful with esophageal atresia. We 
therefore devised a new technique to evaluate aortic 


arch situs from a parasternal short-axis approach. 


The 2-dimensional (2-D) echocardiograms were reviewed 


from 134 consecutive pediatric patients whose diagnoses are 


associated with a high incidence of right aortic arch. An at- 
tempt to identify the side of the aortic arch had not consis- 
tently been made in all cardiac ultrasound studies, and 53 
were judged adequate. Angiographic confirmation of aortic 


situs had been obtained in 42 of these (Table I). In addition, 


the 2-D echocardiograms were reviewed in 8 infants who 
underwent evaluation for tracheoesophageal fistula repair. 
Confirmation of diagnoses was obtained by surgery in 7 pa- 
tients and autopsy in 1 patient. Thus, a total of 50 patients 


formed the study group. 


Two-dimensional echocardiography were performed on 
an Ekoline 5500D or Advanced Technology Laboratories 
300C using 3.0- or 5.0-MHz transducers, and recorded on 
one-half-inch videotape. Determination of the aortic arch 
situs was made from a parasternal short-axis scan with the 
sector within 15? of perpendicular to the long axis of the 
body, occasionally from a high parasternal window. The 
transducer was angled cephalad so that the ascending and 


FIGURE 2. Parasternal cross-sectional recording immediately above 
the aortic anulus. The ascending aorta (AAo) and descending aorta (DAo) 
are visualized, as well as part of the pulmonary artery (PA). A — anterior; 
L = left; P = posterior; В = right. 
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descending thoracic aorta merged into the transverse aortic 
arch (Fig. 1, 2 and 3). The trachea was identified by its highly 
echo-reflective character, producing bright echoes that 
persisted with minimal gain settings, and was located at the 
side of the aortic arch anterior to the spine. The trachea was 
easily distinguished from reflectors within the pulmonary 
parenchyma and could be followed superiorly in both long 
and short axes. In some intubated newborns, the endotra- 
cheal tube could be visualized within the trachea. A left aortic 
arch was defined echocardiographically as a leftward di- 
rected transverse arch to the left of the tracheal signal (Fig. 
3). A right aortic arch was more nearly straight posterior and 
to the right of the tracheal signal (Fig. 4). Frequently, the left 
innominate artery was visualized arising from the ascending 
aorta and coursing to the left and anterior to the trachea 
(Fig. 5). No attempt was made in this study to confirm the 
side of the descending aorta or to identify the branching 
pattern of the arch vessels. Only 5 patients had had an ad- 
ditional attempt to determine aortic arch situs from the su- 
prasternal notch, and this agreed with the parasternal 
method. The echocardiograms were interpreted without 
knowledge of the anatomic diagnosis. 

In 34 patients, the aortic arch was identified to the left of 
the trachea by parasternal imaging and an echocardio- 
graphic diagnosis of left aortic arch was made. In 1 patient, 
the aortic arch had a posterior course rather than the usual 
leftward orientation. Situs was confirmed by angiography 
in 27 patients, surgery in 6 and autopsy in 1 patient. The 
ages ranged from 1 day to 9 years (mean + standard devia- 
tion 1.2 + 2.3). Twelve (35% ) were younger than age 2 weeks. 
In 16 patients, the aortic arch had a posterior course to the 
right of the trachea by parasternal cross-sectional imaging, 
and an echocardiographic diagnosis of right aortic arch was 
made. This was confirmed by angiography in 15 and surgery 
in 1. The ages ranged from 1 day to 8 years (mean + standard 
deviation 1.4 + 2.4). Six (38%) were younger than age 2 
weeks. The aortic arch and descending thoracic aorta were 
ipsilateral in all cases. 


Snider and Silverman? reported the use of 2-D 
echocardiography from the suprasternal notch window 
in 1,033 patients. In 26 patients, the aortic arch was not 








FIGURE 3. Parasternal cross-sectional recording superior to that of 
Figure 2. The ascending and descending aorta have merged into the 
transverse left aortic arch (LAoA), which courses to the left of the 
echoreflective trachea (T). Abbreviations as in Figure 2. 








visualized from the standard transducer orientation, but 
could be seen after 30? counterclockwise rotation with 
a rightward tilt. All of these patients had a right aortic 
arch. However, in 12 additional patients, the aortic arch 
was not seen, and one-third of these had a left aortic 
arch. Celano et al combined the suprasternal notch 
technique of counterclockwise rotation from the usual 
left aortic arch position with failure to visualize the left 
descending thoracic aorta behind the heart in 54 pa- 
tients, and were able to correctly identify 27 patients 
with a right aortic arch. Although it is probably correct 
that a right aortic arch can usually be detected using this 
method, in our experience, the position from which a left 
aortic arch can be recorded is variable. A right para- 
sternal approach may be necessary for long-axis visu- 
alization of the aortic arch, even in infants.4 Huhta et 
al® used the esophagus as an intrathoracic marker, and 
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FIGURE 4. Parasternal cross-sectional recording of a right aortic arch 
(ВАоА). The typical posterior course to the right of the echoreflective 
trachea (T) is demonstrated. The superior vena cava (SVC) is also re- 
corded. Abbreviations as in Figure 2. 


FIGURE 5. Parasternal cross-sectional recording of a right aortic arch 
(ВАОА). The left innominate artery (LIA) can be seen arising from the 
arch and coursing to the left, anterior to the trachea (T). The superior 
vena cava (SVC) is visible to the right of the arch. Abbreviations as in 
Figure 2. 







10 acit aorta may y be contralateral to the 
a retroesophageal segment. 

orientation of the sector beam is required for 
rnal identification of the side of the aortic arch; 
Бе as nearly perpendicular to the long axis of the 
s possible. The appearance of a left aortic arch 
be mimicked by a long-axis image of the ascending 
: The tricuspid valve, aortic valve, or a cross section 
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ri ght pulmonary artery with the left mainstem 
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1r imon complication of Mustard repair of 
ion of the great arteries is a baffle leak, with 
es averaging approximately 20%. 1-3 Al- 
re fewer follow-up data for the Senning 
Incidence of residual atrial shunting is 
ar after both the Mustard and Senning 
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D i bronchus should not be visib 
is correct. When penetrat n 
` case in older persons, a supra is el 
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may be necessary. ^ : P. Ar UR 
Because of the accuracy of ide tification of вбйе - 
arch situs using parasternal cross- -sectional i imaging of 
the thorax, we recommend that surgery for tracheo- . 
esophageal fistula repair be undertaken without 





anastomosis is з necessary because of SS р + 
monary blood flow in an infant, a Gore-Tex® free graft 
has been used in our institution rather than a Blalock- - 
Taussig anastomosis.’ If a Blalock- Taussig anastomosis | 
were considered without invasive соп firmation of aortic 
arch anatomy, an aberrant subclavian artery would have Ж 


to be excluded. 
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procedures.* We investigated whether 2. mens; 
(2-D) echocardiography can successfully localize the sil 
of interatrial shunting following. Senning repair. 


М ine patients neis iid than 5 years A age known to have 


lective atrial angiography, hic was perfo 
9 patients. In ali 9 patients, a defect i int 
the atrial compartments was successfull 
echocardiography. The precise site оге resi ; 


^ Although the обнова of 
by the Senning procedure is 
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FIGURE 1. Two-dimensional echocardiogram, subxiphoid sagittal view. 
The defect in the superior vena caval pathway is large and extends 
between the unlabelled white arrows. The black arrowheads outline 
the anterior border of the cephalad portion of the superior vena cava 
(svc). a = anterior; D Ao = descending aorta; dist = distal neo-left 
atrium (supra-tricuspid portion of the neo-left atrium); i = inferior; ivc 
= inferior vena cava; p = posterior; prox = proximal neo-left atrium 
(portion of the neo-left atrium into which the pulmonary veins drain); 
rpa = right pulmonary artery; s = superior. 


multiple-plane subxiphoid 2-D echocardiographic 
imaging can still successfully localize residual atrial 
defects. 

Contrast 2-D echocardiography can be used to con- 
firm the site of shunting. This technique is particularly 
valuable in the immediate postoperative period, when 
indwelling atrial monitoring catheters can be used as the 
sites of microbubble injection. Although contrast in- 
jection into a peripheral vein site should demonstrate 
right-to-left shunting, it may not always result in suf- 
ficiently dense opacification of the neo-right atrium to 


April 15, 1985 THE AMERICAN JOURNAL OF CARDIOLOGY Volume 55 1239 ^ 





FIGURE 2. Two-dimensional echocardiogram, subxiphoid sagittal view, 
of the patient in Figure 1 following reoperation. The defect, which for- 
merly extended between the unlabelled arrows, has now been closed 
with a patch. Compare with Figure 1. Abbreviations as in Figure 1. 


observe negative washout, signifying left-to-right 
shunting. Therefore, in the late postoperative period, 
when intracardiac catheters are no longer available, 
direct visualization of the defect without the use of 
contrast material should be attempted. 
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Cardiac Aspergillosis in Acquired 
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Cardiac aspergillosis has not been described in patients 
with the acquired immune deficiency syndrome (AIDS). 


An this report we describe such a case. 
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A 32-year-old man who was an intravenous drug abuser 
was admitted with fever and headache. One year earlier he 
was hospitalized for oral and esophageal candidiasis which 
responded to Amphotericin B. Two months earlier he was 
hospitalized for Pneumocystis carinii pneumonia and pul- 
monary aspergillosis, for which he received trimethoprim/ 
sulfa and Amphotericin B. Thus, a diagnosis of AIDS was 
made. He was a cachectic man in no acute distress but with 
a temperature of 103.8? F. Examination otherwise was un- 
remarkable. A computed tomographic scan of the head 
yielded normal findings. Lumbar puncture revealed 1,160 
leukocytes (7395 polymorphonuclear); the glucose level was 
32 mg/dl and the protein level was 78 mg/dl. Smear and 
subsequent cultures of the spinal fluid and blood for bacteria 
and fungi provided no diagnostic information. On the twelfth 
hospital day, left hemiparesis and aphasia developed. 
Computed tomographic scan of the head revealed an infarct 
of the right parietotemporal occipital angle and angiogram 
disclosed a tapered occlusion at the right middle cerebral 
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FIGURE 1. Parasternal long-axis 2-dimensional echocardiogram re- 


` vealed a 1 X 1 cm vegetation on the mitral valve (arrow). Ao = aorta: 


LA = left atrium; LV = left ventricle. 


artery trifurcation. A 2-dimensional echocardiogram re- 


_ vealed a large vegetation of the anterior leaflet of the mitral 


valve (Fig. 1). Bilateral pulmonary infiltrates and hypoxemia 


developed and the patient died on the 15th hospital day. At 


necropsy, the myocardial walls of the 460 g heart contained 
numerous white masses (Fig. 2). The contained purulent 
material grew Aspergillus fumigatus. A large (1.2 cm) abscess 
was noted in the left ventricular wall behind the posterior 
mitral leaflet of the mitral valve, and it probably was the 
origin of the large septic embolus. Microscopic examination 
confirmed the presence of invasive masses of branching 
septate hyphae in the myocardial abscesses. 


Cardiac aspergillosis joins the list of rare infections 
that must be considered in patients with AIDS. Ne- 


-cropsy evidence of fungal involvement of the heart has 


thus far not been described in these patients. One 
report described invasive pulmonary aspergillosis in a 





FIGURE 2. Gross specimen of the heart revealing abscesses involving 
the myocardium, mitral valve and papillary muscle (arrows). 


patient with AIDS.? Aspergillar endocarditis is not as- 
sociated with intravenous drug use, and blood cultures 
are characteristically sterile.^?5 Systemic embolism 
occurred in 4 of 13 patients in 1 study. Endocarditis was 
seriously considered in our patient only after the 
acute onset of hemiparesis. Absence of precordial mur- 
murs and of positive blood cultures had been falsely 
reassuring. 
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Cryptococcal Myocarditis in Acquired 
Immune Deficiency Syndrome 


WILLIAM LEWIS, MD 
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Cardiac lesions are seen frequently at necropsy in pa- 


tients with acquired immune deficiency syndrome 


(AIDS).!-? Most cardiac lesions in patients with AIDS 
are clinically silent. Of 44 patients with AIDS studied 


at autopsy at our medical center, 11 had major cardiac 


findings, including: nonbacterial thrombotic endocar- 


. ditis (3 patients), metastatic Kaposi's sarcoma (4 pa- 
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tients) and fibrinous pericarditis (2 patients). T'wo pa- 
tients had acute myocarditis from Cryptococcus neo- 
formans with disseminated cryptococcal organisms in 
many noncardiac body organs also. Neither had clinical 
evidence of heart disease. Interstitial myocardial in- 
flammation was absent in both patients and myocyte 
necrosis was absent except in myocytes filled with 
organisms. 

Cryptococcal myocarditis is a rare myocardial fungal 
infection that is seen only in patients with immune 
suppression.*° 
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Shock Late After Implantation 
of a Permanent Transvenous 
: Cardiac Pacemaker 
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Thrombotic complications from permanent pacemakers 
are being identified frequently.! Pulmonary emboli, 
right-sided heart failure and tricuspid regurgitation 
have been reported as thrombotic complications in 
patients with permanent transvenous pacing elec- 
ітодеѕ.2 We report a new complication in such patients: 
shock resulting from obstruction of the tricuspid valve 
orifice by a large thrombus attached to the pacing 
electrode. 


A 15-year-old girl had a Cordis Omni Stanicor Gamma 
VVI unipolar pacemaker implanted for symptomatic 


tachy-brady syndrome. A Cordis porous tip Silastic lead was. 


used (model 322-155). The patient's subsequent course was 
marked by frequent episodes of supraventricular tachycar- 
dia, which were controlled with a combination of verapamil 
and propranolol. Eight months after the pacemaker insertion 
profound shock suddenly developed. The blood pressure 
could not be determined. The apical pulse was regular at 60 
beats/min and the respiratory rate was 32 breaths/min. The 
Jugular venous pressure was elevated. After infusion of 4 li- 
ters of normal saline solution, her blood pressure was 80/60 
mm Hg. A pulmonary flow directed catheter was inserted 
without difficulty and the following pressures were recorded 
(mm Hg): right atrial mean, 16; right ventricular, 30/6; риі- 
monary arterial, 30/20; pulmonary capillary wedge mean, 
20. The cardiac output was 4.9 liters/min. 

Two-dimensional (2-D) echocardiography revealed a large 
pedunculated mass in the right atrium (Fig. 1). At operation 
she had a large fibrin clot on the transvenous pacemaker 
catheter in the right atrium which was occluding the tri- 
cuspid valve. The clot and the electrode were removed and 
an epicardial pacemaker electrode was implanted. The lead 
was intact with no evidence of fracture. The postoperative 
course was uneventful and the patient has remained well in 
the subsequent 18 months. 


The diagnosis of a right atrial mass in our patient was 
made by 2-D echocardiography. Kendrick et al‘ re- 
ported that dense echoes may appear behind the ante- 
rior leaflet of the tricuspid valve in some patients with 
permanent transvenous pacemaker electrodes. These 
echoes may simulate a right atrial myxoma. Schuster 
et al? described a patient with superior vena caval ob- 
struction resulting from thrombosis around a pace- 


maker catheter. This diagnosis was also made by 2-D 


^ 
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FIGURE 1. Two-dimensional echocardiogram in the apical 4-chamber 


‘view shows the mass (M) in the right atrium (RA). At surgery this mass 


was the size of a golf ball. RV = right ventricle; S = septum; TVL = 
tricuspid valve leaflet. 


echocardiography. Iqbal et al6 have reported a patient 
with a large pedunculated thrombus attached to a 
ventriculoatrial shunt catheter. This diagnosis was 
made by echocardiography and the catheter was sur- 
gically removed in a manner similar to that used in our 
patient. 

Our report is the first to describe shock resulting from 
thrombotic obstruction of the tricuspid valve orifice' in 
a patient with a transvenous pacemaker electrode. 
Prompt diagnosis of this catastrophic complication is 
possible by 2-D echocardiography. 


Acknowledgment: We thank Mary Fyfe for secretarial 
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Nonpenetrating Traumatic Ventricular 
Septal Defect: Two-Dimensional 
Echocardiographic and 
Angiographic Findings 


MICHAEL J. BOLAND, MD 
H. FRANK MARTIN, MD 
ROBERT M. BALL, MD 


This report presents a case of nonpenetrating chest 
trauma leading to isolated ventricular septal defect 
(VSD). Emphasis is placed on accurate sequential 
physical examination and laboratory confirmation by 
2-dimensional (2-D) echocardiography and cardiac 
catheterization with left ventricular and coronary an- 


giography. 


An 18-year-old man was admitted after a motorocycle 
accident. There was no history of heart disease. The present 
impact involved primarily the chest and abdomen with no 
external signs of trauma. Cardiac examination was unre- 
markable on admission; specifically, no heart murmur was 
heard. However, findings of intraperitoneal hemorrhage led 
to a splenectomy. On the night after surgery, pulmonary 
edema developed and required mechanical ventilation. The 
onset of a new systolic murmur prompted a cardiology con- 
sultation. Examination approximately 36 hours after injury 
demonstrated hypotension and a grade 4/6 harsh holosystolic 
murmur with a thrill at the lower left sternal border. A VSD 
was imaged by bedside 2-D echocardiography. The short-axis 
parasternal view clearly showed the VSD (Fig. 1). The defect 
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FIGURE 1. Two-dimensional echocardiogram of the parasternal 
short-axis view. The right ventricular (RV) and left ventricular (LV) 
chambers are labeled and the white arrow indicates the area of the 
ventricular septal defect. 


was also seen in the 4-chamber apical view (Fig. 2). Swan- 
Ganz catheter oxygen saturation measurements confirmed 
a stepup with a 2.9:1 left-to-right shunt. 

Urgent cardiac catheterization confirmed the clinical 
suspicions. In addition to visualization of the shunt with 
ventriculography (Fig. 3), coronary artery cineangiography 
showed a septal perforator artery freely bleeding into the 
ventricular cavity. Shunt calculations and intracardiac 
pressures are shown in Table I. 

After 2 days of intense diuresis and afterload reduction, 
the patient was extubated. He underwent patch repair of the 
VSD; a tricuspid valve approach was used. The defect was 
2.5 X 2 cm and located in the lower anterior third of the 
septum. The postoperative course was uneventful, and 
postoperative oxygen saturations and dye-dilution curves 
showed no residual shunt. 


Similar to other cases of cardiac injury due to non- 
penetrating chest trauma, a murmur in this case was not 
heard for more than 24 hours. This lack of immediate 
clinical signs of traumatic VSD has been described and 
results from several factors. First, some have suggested 
that the initial injury to the interventricular septum is 
septal contusion, which later leads to necrosis and 
rupture, resulting in the late appearance of a murmur 
and thrill. Other factors in the delayed physical diag- 
nosis of nonpenetrating traumatic VSD are, paradoxi- 
cally, the absence of significant external chest trauma 
(a common occurrence in this setting) and the obvious 
presence of other significant trauma that demands 
clinical attention.1-? 

Once the physical signs of pulmonary congestion, 
heart murmur and thrill become manifest, attention is 
directed to the heart. In this case, 2-D echocardiography 
imaged the traumatic VSD. This technique has been 
successfully used in the detection of VSDs caused by 
penetrating chest trauma,* but was not reported in other 
short series of nonpenetrating cardiac injury.5 This case 
demonstrates the value of 2-D echocardiography for 





FIGURE 2. Two-dimensional echocardiogram in the apical 4-chamber 
view. The right ventricular (RV) and left ventricular (LV) chambers are 
labeled and the ventricular septal defect is indicated by the white 
arrow. 
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TABLE! Cardiac Catheterization Data 








0, 
Ргеѕѕигеѕ Saturation 
(mm Hg) (%) 
RA 14/8/10 |». 55.5 
RV 18/14 88.6 
PA 18/12/14 83.7 
PCW 6 CM 
Ао 80/60/70 100.4 · 


Shunt 2.9: 1 (left-to-right) 


Ао = aorta; PA = pulmonary artery; PCW = pulmonary capillary - | 
wedge; RA = right atrium; RV = right ventricle. ee 


ruptured coronary arteries are seen, confirms un- 
equivocally the traumatic nature of the VSD. This case 
clearly exemplifies several aspects of nonpenetrating 
traumatic injury to the interventricular septum re- — 
sulting in rupture and large left-to-right shunt. Com- _ 
prehensive laboratory diagnosis leads to successful — 
surgical correction. 





FIGURE 3. Left ventriculogram in the 60° LAO = left anterior oblique 
projection showing shunting of contrast medium from the left ventricle 
to the right ventricle through a ventricular septal defect (arrow). 


Acknowledgment: We express our gratitude to Kathy | 
Thaggard for her direction in the cardiac catheterization - 


diagnosing isolated VSD resulting from nonpenetrating 
laboratory and to Janice Martin and Carol Boone for their — 


trauma. 


Another technique that is often overlooked is iden- 
tification of left-to-right shunts in the intensive care 
setting, with simultaneous hemoglobin О» saturation 
measurements from the right atrial and pulmonary 
artery ports of the Swan-Ganz catheter. In this case 
there was a hemoglobin О» saturation stepup of 20% 
from the right atrium to the pulmonary artery, which 
alerted us to the presence of a significant left-to-right 
shunt. 

Final confirmation with cardiac catheterization, left 
ventriculography and coronary angiography not only 
leads to quantitation and anatomy of the shunt, but if 


assistance in manuscript preparation. 
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Magnetic Resonance Imaging in 
Aortic Valve, Ascending Aortic and 
Isthmic Aortic Disease 


ROGER B. REHR, MD 
NEIL G. FILIPCHUK, MD 
CRAIG R. MALLOY, MD 
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provided the best presurgical definition of the abnormal 
anatomy. 


RT, а 24-year-old man in whom an isthmic coarctation of 
the aorta had been repaired at age 6 years, was hospitalized _ 
now with a 1-day history of dull substernal chest pain and 
paroxysmal nocturnal dyspnea. His chest pain increased | 
with recumbency and disappeared with sitting. There was 
associated feverishness and coryza and a nonproductive 
cough. А murmur of aortic regurgitation (AR) had been 
present since age 20 years. The patient appeared comfort- 


able. The heart rate was 120 beats/min and regular. The _ 
blood pressure was 160/50 mm Hg in his right arm and 100/50 
mm Hg in the left arm. A precordial murmur of AR anda — 


We describe a patient in whom we defined both as- 
cending and descending thoracic aortic pathology using 
proton magnetic resonance imaging (MRI),! which 
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loud pericardial friction rub were heard, as well as an Ss. 
Electrocardiogram revealed sinus rhythm and incomplete 
right bundle branch block. The chest x-ray revealed cardio- 
megaly but no definite aortic abnormality. 

MRI was performed in the cornal, sagittal and transaxial 
planes. It revealed marked dilatation of the aortic anulus and 
ascending aorta consistent with anuloaortic ectasia without — 
evidence of dissection (Fig. 1). The left ventricle was mildly 
dilated and thickened. There was narrowing at the site of 
aortic coarctation repair. Echocardiography revealed marked 


1244 BRIEF REPORTS 






FIGURE 1. Top, frontal view. The aortic root is markedly dilated. The 
left ventricle is hypertrophied and dilated. Bottom, transaxial view. This 
tomographic slice is at the level of the markedly dilated aortic root (solid 
arrow). There is a much smaller descending aorta (open arrow). 


dilatation of the aortic root and fluttering of the anterior 
mitral leaflet consistent with AR. Left ventricular systolic 
function was preserved. There was no pericardial effusion 
and no evidence of aortic dissection. The site of aortic 
coarctation repair was not visualized. Computed tomography 
(Fig. 2) revealed dilatation of the ascending aorta without 
aortic dissection. 

Cardiac catheterization and aortography (Fig. 2) revealed 
marked dilatation of the aortic root, severe AR and mild left 
ventricular cavity dilation with preserved systolic function. 
The left ventricular end-diastolic pressure was 23 mm Hg 
and mean pulmonary capillary wedge pressure was 12 mm 
Hg. There wag a 34-mm Hg peak systolic pressure gradient 
across the site of coarctation repair. 

The patient had surgical correction for relief of severe AR 
with left ventricular failure. At surgery anuloaortic ectasia 
was confirmed. A composite graft and prosthetic aortic valve 
was placed. Histologic examination of the excised aorta 
disclosed changes of severe cystic medial necrosis. 


In this patient MRI provided the best presurgical 
definition of the patient’s anatomic abnormalities. 
Spatial resolution of the MRI study was superb, and the 
ability to view slices oriented in three orthogonal planes 
greatly enhanced our diagnostic ability, with coronal 
slices providing the best definition of the anuloaortic 
ectasia and the sagittal slices providing the best defi- 
nition of the site of residual coarctation. MRI provided 


EE 


FIGURE 2. Top, transaxial computed tomographic image shows a 
marked dilated aortic root. Bottom, aortogram shows a dilated aortic 
root (arrow) and aortic regurgitation. L = left; В = right. 


very high natural contrast between the intraluminal, 
flowing blood and the vascular walls, obviating the need 
to administer a contrast agent to define the vascular 
anatomy. This natural contrast maximized the chances 
of detecting the presence of any significant intimal tears; 
such a tear could have appeared in transaxial slices as 
a thin white membrane extending across the black 
vascular lumen. The MRI study was entirely noninva- 
sive and without known risk, and was accomplished in 
1 hour. Unlike computed tomography? and conventional 
angiography,? the standard techniques for assessing 
aortic pathology, MRI involved no ionizing radiation 
or contrast material. MRI may become a valuable di- 
agnostic procedure for evaluating thoracic aortic ab- 
normalities. 
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Two-Dimensional Echocardiographic 
Demonstration of Multiple Needles 
in the Heart 
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Wounds of the heart and great vessels caused by needles 
are not common. Two-dimensional echocardiography 
(2-D echo) may detect the anatomic location of needles 
in the heart, as shown by the 2 cases described 
herein. 


Case 1: A 22-year-old man was admitted because of chest 
pain and dyspnea. Multiple needles were shown by fluoros- 
copy to be entirely within the cardiac silhouette moving 
synchronously with each beat (Fig. 1). Neither a precordial 
murmur nor a friction rub was heard. The parasternal long 
axis view by 2-D echo performed subsequent to fluoroscopy 
to find their exact intracardiac location showed shining spots 
over the right ventricle and 2 shining spots over the left 
ventricle (Fig. 1). The heart was exposed by a long midline 
incision and all 8 needles were successfully removed. 

Case 2: A 25-year-old man with schizophrenia was ad- 
mitted for an operation to remove needles from his heart. 
Two days earlier he forced 3 sewing needles through his chest 
wall. By fluoroscopy, (Fig. 2) 3 needles were identified within 
the cardiac shadow and were also moving synchronously with 
each beat. On physical examination, several needle puncture 
wounds were seen in the left third and fourth intercostal 
spaces. No murmur was auscultated. Two-dimensional echo 
in the parasternal long-axis view showed 2 shining spots in 
the left ventricle (Fig. 2) and by the parasternal short-axis 
view 1 shining spot was found in the right ventricle. At sur- 
gery, 3 needles were successfully removed from his heart. 


Previous studies)? have described the value of M- 
mode and 2-D echo in the diagnosis of a needle in the 
heart, but none, to our knowledge, have used 2-D echo 
to detect multiple needles. Because 2-D echo is rela- 
tively easy and harmless, this procedure can be applied 
for precise noninvasive detection of metallic foreign 
bodies in the heart. 
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FIGURE 1. Patient 1. Top left, chest radiograph showing multiple 
needles in the cardiac shadow. Top right, 2-dimensional echocardio- 
graphic findings of needles in the heart (arrows). LV = left ventricle; 
RV = right ventricle. Bottom, 8 needles removed from the patient's 
heart. 
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FIGURE 2. Patient 2. Top left, chest radiograph showing 3 needles in 

the cardiac shadow. Top right, 2-dimensional echocardiographic 


findings of needles in the heart (arrows). AO = aorta; LV = left ventricle; 
RV = right ventricle. Bottom, З sewing needles removed from the pa- 
tient's heart. 
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It is this latter aspect which, while less ap- 
parent than the particulars of the research 
itself, will ultimately be the most significant. 
While every student of science has heard of 
the fundamental principles of scientific 
thought and investigation, the successful 
application of those principles to actual re- 
search is, like most things, a skill which must 
be learned and practiced. The acquisition of 
this skill requires observation; of careful ex- 
perimental design, of honest and considered 
interpretation of results, of the thoughtful 
formulation of conclusions. In addition, the 
acquisition of this skill requires the oppor- 
tunity to attempt personally these tasks and, 
in doing so, make the inevitable mistakes by 
which one learns. It is in these regards that 
the fellowship has been invaluable, for it 
allows one to acquire, by virtue of daily at- 
tempts, mistakes and encouraging instruc- 
tion, the skills essential for scientific inves- 
tigation. Importantly, it gives one the chance 
to acquire these skills early in ones career. 
“The education which the fellowship af- 
fords may be defined as an opportunity for 
focused study of one particular aspect of 
cardiovascular science—in my case cardiac 
muscle physiology at a cellular level. I feel 
that this definition belies the true extent of 


. the education which I received, for the 


learning was not limited solely to the theo- 
retical and experimental. By virtue of an ex- 
tended period of day to day involvement in 
the workings of a laboratory I gained an ap- 
preciation for some of the less obvious aspects 
of scientific investigation; the process of grant 
application, the time and energy demands of 
teaching in addition to experimentation, the 
often competitive nature of interactions 
within the scientific community. In short I 
received an education in the realities of an 
academic career. In the same way that one 
would not want to choose an area of medical 
specialization without at least some knowl- 
edge of what that choice would entail in 
practical terms, one would not want to have 
to decide between clinical practice and basic 
research without an understanding of the 
practicalities of each. For myself, apprecia- 
tion of the latter was not gained by inter- 
mittent short periods of laboratory work 
during the first two years of medical school, 
but rather required the prolonged exposure 
which the fellowship provided. Because of 
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this awareness I have no doubt that I will be 
better able to ultimately choose an area : 
of medical science in which I will be most Я 
satisfied. - 
“The intangible aspects of the fellowship 
are many and my awareness of them has 
emerged only during the few months since my _ 
return. Indeed many of these intangibles re- ~ 


. late to the ways in which I have grown during - 


the past year and thus are perhaps peculiar 
to my experience and not generalizable to the 
fellowship program ав a whole. In reflecting 
on attributes of the program which contrib- 
uted to these unanticipated benefits, how- 
ever, one particular aspect, common to the. 
experiences of all of those who have partici- 
pated, stands out in importance. This is the _ 
opportunity to get outside of ones own aca- 
demic and social environment and encounter | 
different attitudes and philosophies. While _ 
at times such an experience is, without doubt, — 
more difficult than remaining within: the. " 
confines of what one knows well, I found the ~~ 
challenges. and stresses of such a process tobe _ 
essential to my own growth and maturation. . 
In the final analysis it may be this aspect of . 
the fellowship which will have the most last- 
ing influence on my life for it will be; regard- I 
less of the specific direction of my career, ` 
something which I always carry with me. 
| "Unfortunately much of what T have ex- 
perienced is difficult to package neatly into 
sentences and paragraphs. Indeed it is most 
probable that. at this time I myself do not 
fully appreciate the nature of the changes 
that have occurred. during the. Jast year. 
Hopefully, with time, these will becor | 
clear. I can only tell you that 
twenty-six years of my life ther 
none more important or 1 more valuable to | 
me. It has been a year which will never be. - 
forgotten.” | 
Students ЕРЕ іп applying for this 
program should contact the Dean’s Office of 
their medical school and Galen 8. Wagner, 
MD, Cardiovascular Division, Duke Univer- 
sity Medical Center, Box 31211, Durham 
North Carolina 27710. Deadline for appli ‘a 
tions for the 1986-87 academic ; year i 
cember 31, 1985. — = 
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The new PageWriter is also extremely accurate. Automatic measurement capability means that | 
the last ECG of the day is as accurate as the first. No more inconsistent, manual calculations. Plus, 
you can count on the analysis program in the interpretive module. It's the same one used world- 

wide by HP to analyze over 5 million ЕСС each year. 
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The basic PageWriter can be configured in a number of ways to handle just about any ECG 
application need. Order your PageWriter to meet today’s applications. Then, field-upgrade your 

. PageWriter when your needs change. Add automatic measurement. Add diagnostic interpretation. 
You can see how the PageWriter adapts. To any area of your hospital. To any ECG need. 
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Simplicity. Accuracy. Versatility. Legendary HP reliability, service and support. Things you 
might expect from a high-priced cardiograph. But, the PageWriter is affordable. In fact, it’s simply 
the best value in a cardiograph today. 


| Call 800-952-2212 and ask for our special “demo” PageWriter brochure. Or, write Hewlett- 
` Packard Company, McMinnville Division, 1700 South Baker Street, McMinnville, OR 97128. 
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